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!CilO t'lo"t,o.bo11Stl of eluco-oa (L.~d Of aCll.110 acids cl()l:ivod 

fr,Qtl it ( cluttJ.nlZl(;O, nal:~tate1\ glutOLlino, nloninG and GI~I\.) 

\'1&.a st-ud,iod ul.viitt:'o tllld in v.ltw 10 tt10 ditfoZ;tont ~o.t'tG of ..... _ ... ,. ... ~ ...... - w t :, ... t::.t.... ' 'Ii-'" 

tho b:ooinof "el0d(lnO ft and coo1JQJ.'ed t:1ith tho rat oortox.,' ... ' ...... "., ..., 

1. !fllio tilo rut brD.itn. ootopUG brain .01:1000 inc.ol1vor!l'bOd 
. ..,tl 
U * '0 G:tucoao into 002' lactato, gluta.matot usvarto.to, 
glutCa:nUlo Q..'i)d. a':.uninO; unltko the ratlJra:1Jl, octopus b~n1n 
did not f01:'m Gl~Jlt~~ but; S!07JflOd muO!l tlOlJoollL.¥'Jino, ,but tho 
proportion of counts Goine: into 000 t lacto.to o!ltl glutoonto . c;.. 

\goa oir:d.loJJ in botbculioo .. lo. 
2. ()ctOltUO and nat bro.:l.n tlao:i.l1cuba.tod·~'f\ vi:L1JG uith 
U1/1-0 G1UQOOO, OtlU U"ll+O (;jluto.otlto ot' U11~·C :~;,.~~ in tho 

Vl"eo~noo and absonoo of non-labelled Glucoao. nn(l tho 
0t')Ool£10 not1v:tt1uo Of tbo O-minoaciuo tlcrs <.lotot'oinod. 
GOIlOt!tll.ly tbo j.,(lbollitlO pattolrtl \JtlG oirJ:ll€ll' in both -anit:lals. 
oj~eopt thatslUOOllO did not d:tluto tbo inootrj/'Ora.(jion of 
u",q·c alo.n!no :tntooctopuo brain arlino aoids, oontl'~ to 
tho ;cat braulw 
:;. ~ .. bo aet!~lt101) of OOtlOOlle;9l'lOO aaoociatcti t'litb amino 
nOi(l !Ultot'COllVOJJO:tOllS t10170 lot~t.)2.: in tho ootopus brain than 
t1;lo t'ttt brain. oo/{;opUS bruin." G!J) uoo l)reoont in U!70eoo only. 
but nlml!tnotro.nomin~e hud c.!) aotiV'.lty cor.:;VOl7u'ble to the 
rut. 
4. OCtOI"1J.O brr.l~.Jl olicoo diu not acooouloto CUJ:t..t'lO aoido 
O(:;oinot n concont~tltion gradiont, cO.!ltl.'trm~1' to tho ~o.t brain. 
~~ Inoubation 0.1: ~?o.t brain oliooo l1ith U"

l
}·O o..1anino .s.n 

tbo pre oano 0 of i.;ni.l1bitors or tlj~o citIJ10 aoid c~yClo oOl~Qd 
to oOlli-:UnJ lmotm ultarrolo.1iiono. 



2 

I£lpJVIYP. ~ 
Int}oction of U·40 glutamate into the octopus brain 

resulted in the lat:lclling of glutar:-d.ne; alanine tU"'1d aspartate 
but 110t GADA. Af·t~lr one hour the specific activity of 
gluto.~;1ine reached e. value four times us high as ~lutnmo.te. 
BGrl~ Lo.(}tha and HG:,olsoh (1961) f'ound this also to bo the 
caoo in rat bruin but only three Dil1utes after in5action. 

fJ!hegcnarnl oon.cluoion io that apart from quantitativo 
differences in tho tloto.boliom of GAB1\. and alanine, thero 
are nomaaord.ifforcncos batt-IOOl1 tho l"1otaboliam of tho amino 
aoids in tho tt'lo e.niroa.ls. !.L'hc differonces £OUl1d bst'"'t'1oon the 
optio ~d. tho vort!.cal lobe. and bet\'leen the ,octopus and the 
rat brain s:ac apaculatedupon. iJ..llle diffioulties in comparing 
da.ta fro 1':1 t,'to (lif~erent animals is disoussed, togother t'1ith 
tho special rolo O.f froe amino acido in oerina ool!Lusca 
in oainto.:tninS ionic balanoe" "c:tha poaaibU:i.ty oia different 
pathway for the o:ddation of alan:1ne in tho ootopus b:r.o.in 
by conversion to succinate is oJ.so discussed.. 



Abstract 
Contents 
Aclmo't'11cclgcments 
Abbreviations 
!)ublicat:i.ons 

Il':pJ~no D UC!I!IOIl 

page 
1 

Lt-

5 
6 

structure a~a i'unct:i.ons of tho rat ond octopus brain ? 
r·1oto.bolism oS: (Y;luc~oso and· amino o.citlG i..~ the 

mru!1l1lalS .. Oll brain 23 
OccurrenCG und fUr~tiona of free amino acids 

in norvoUS t~ssuo 36 
g:~pcrimonts performod 44 
CH.AJ.?~eEH2 E}J? EHIIIENTAIJ IiETIIODS 47 
•. j , '. I 

{'La tGria.ls 
Incubation procedure 
Quantito:tivo deiiel}!3matioll of motabolitos 
Enzyme esonys in homogonates 
Hetubolislll in tho octon11~ brain in viVO 1.;'-- , ___ ' ... l I r. 

CIU~PTER 2 Hl};nULTS _ PI t .. 

COtlparativa proP02~tios of tho octopuo und rat brain 
netubolisIil of O'luooso ill vitro o ........ .-;1_._1 .. -

Botubol1sm of ~lutam~rto in vitro \.:) _ .. 1 ...... 1"""""""'-
!"Io'f;ct.boliorJ of alanine in vitro 

...... . J 

l'\urthcr invoot:i.ga~ioll of tho metabolism Of lJyrllVate 
and alanine in tho rat brain :1..nvit:ro __ $1.' • 

CHJ\r~ER4 
., •• fA SF. 

Active uptako of c:t::tino acid.*) by octopus D.!J.d :r.o.t 
brain oliooa 

:EalZ~O levels in <)ctopus and rat brain 
f'letabol:1.om oftytlu~bamate in tho octoPUS brain in vivo Cl *""' ..... la •• t .•• 

5?JI;;I.\~~PR. 112 Dlt3CUSSIOn 
itofc·rancss 

1108 
52 
57 
81 
86 
88 
88 
92 
107 
120 

131 
144 

1114 

149 
160 
165 
178 



4 

I. should like to thank Dl:'. stovon Hose for being 0. 

first cluOG supervisor \11th ruthlossly strinGont standards, 
Dr. !I.F. Bradford for inspir1ng end helpful {liacttsoion. 
1?rofossor £.,13. Ohain for bis intarest in the \\Torlt, and. 
r-lr. A.E:. Sinha for able and t'lo1coma holp in .tIle laboratory. 

[tho 8oienco nosoorch Council supported i;ho supply of 
octopus, in collaboration ,~~ith Professor J.Zt. Yol.'J.ng, 
Anatomy Dopartmont, Univeroi~ College, London. 



ADP, liTP 
amino acids 
GAllA. 
gl:1.nc, Gln 
nAD, UAnn 

Per 
PEl? 
Tt'is 

AlJnnEVIA[lIOnS 
.... 1. , • **,*' •. 1, r, r 

Ad.enosine 5' dt .. and triphosphato 
As 1n tho Biochomical Society polioy to Quthors 
gamma. amino butyrio acid 
glutamino 
Iiiootirla.t'1lide adenine dinuoleotido, 
oxid:lsod. and reduced forms 
PlloSl?hooreattne 
P.hosl/hoenQlpyruvata 
~ris .. byd.roxymatbyl amitlomcthane 



Glucose and amino aoid motabolism :tn Dome invertebrate 
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Glucose and amino acid metabolism in octopunoptic and. 
VG:atioal lobes in vitro. 
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C1I1J?TER . 1 r I Ill. , 

Goneral 
•• I •• J 

~~o oentre~nervoua svstam of Oct.ODUS. ' ~av~2 
. U' '. I 1 r.1f I III .. . .• I 

bus been O:;t~o~slvel;y atudiad from the a.\'latomica1and 
boha~o~.alpOint 0.1: 'ViCl'1 ( Young. 1965 ).' ~l1G prosent 
tmX-lt is an a.ttempt to bogin to investigate in the octopus 
bratilsome of the characteristic aapocts of tho biochemistX7 
Of llorvous tisane previouslyobsarved in mamm.nlif:U1 brain. 
Glucose and aminO acids have boen oho\';n to be iml'>Ortont 
motabolites in nexsvous tissue in pD.rtieul~. III the rat 
cerebral co~te4t »nd1onct£vi~ from.u140-g1UCOse is 
rapidly inoorporated1ntc) glntatlata. e.sptU-te.to, glutamine. 
alanine andG!Ui~. as well as carbon d1oxldo and lactata. 
both 1q v&prA. ( DG10ff-Chatn, Ce.tanzaro~ Chain. 1\10.01 and 
Pocch!svl 1955n ) and !n ~VR (Vl'ba. Ga.!toooe una. nichter, 
1962 ). 

!l~a t>lol'k attemptato1nvostigo.te some of the meto.bolic 
ps,tbt'1a:1S by t~lhlch those five am:lno aoida. aro o~thoaiaad 
and interrelated In tbo octopus brain., The,. are thOUght to 
play on lmportont; ~t in tho unique· funet~.ons or nervous 
tissuo, as 'Vloll as beitlg derl~d from gl\lCOOO, tho prlme 
ofterg:r substrate Of l1lcunrnalian brain tissuo. The metubbl1sm 
of glucose and ()£ those aminO notds was studied 1n the rat 
cereb1?a:1cortex, and in talO parts of tho oetoptwbrnin. 

a1:HUC~?UliB AIID lrtn.r~C'T10NS. O.F. Tln~ HAfll J\w1). OC!1:OPUS nRAtgl 
J$ .. a l! "" t R •. 'TTI ..... ~ ... _ ','-111 .• ,. '.". , ..... I. 1 Jl ..... II .... 1 J '" I, 'ICIMI!t' P 

Tho brains of ths.so t\~10 an!ma1s ara stl~ctUt*o.111 
dissimilar. ThO rat bra:ln. thoughanatomioallu compact, 
is oomploltthO\:levar, the octopus brain, though also complox, 
oonsists of sevoral ';,lell..u.ofined lobes 021 ga.ngl!a. and 
this fact makos it conveniont to slice ditfe~ant parts of 
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tho bro'in and eamp:trG tbeu ·metaboUsm. in. vitl'o • 
......,·.·1 •. t.l 

:the differont physiologioal .fWlct!ona eo'\romod. lW the 
various lobes G1?Q aumtna.r1sed by noycott (19\$5). F3..sUre 1 
SbO\1S the pos1tlonnt of 'obe lobes 1n relation to 0110 anothoX', 
and to the oesoph$.BUs and thoe7Gs,Tha re.t cortex compri.sGs 
the top ana £ront ~9art of the rat brain ancl is itself 
trbructut'olly oomplexi \'1ithin differont gl:oups of eellsUl 
the eortex. ditfet'an,t consait.)ua, fUnctions are controlled. 
( Orass, 1968). Zro.ahlo~ (1950) pointod oat th~dif'ricultiaG 
Of locating thasiteot'Jhot'o memories t.U:fe stOl'od t that is, 
l'1hera rocooo.o are leapb of1ntormatf.onacquired a.o' n rosult of 
lo~, and he 1'1o.S unable to pin point' an;y, sltos ot tbis 
ld.n(1 b~ tho USC o£ abiation. exper:lments. Young (1964a)ha.s 
d.escribod. thondVt'UlcoS made 1n the study Of tI10 octopus brain 
towa~ds lOQating tll0 sitas of information otoruge and tho 
tlocll.anism bN tVhich tbisoceura , and he hnssUgGGoto4 ( Yot.lJl.g 
.' "': 1%7 ) that f:10.!lltlol.:t.a.n norV'ousG~stoms oontain tha same 

bacic eloments Oforzm'd.antion that \101"0 l'ovooled. in thQatl1d:7 
Of thooetopus bra£n, ttt10ugb the octopua bra.!.n ts ntructurallN 
comple:!, it As div5i4dad 1ntolobesand. Young 1'100 able to uoe 
1 

t1liaproparty to ot'Udj it. 
~:amin!\t!on of £igura 1 showstllat the oontral brain 

ourrounq,a thooesopbagua.. Tho ttrO opt1c lobes. lio tJust bebind. 
the 0iTOS. and. aro attachoo to eithsr side of tho central port 
by the optio atQlkEh~ !Ll1o c~ntral part is itsolf composed. of 
sovera.l·lobes. and. ts oI1Casoc1 in o ortU o.gG I tho oesophagus 
slides tlU'oueh it, Ol1,d aboVe it ·is a oavi~ OOn1io.!ni.ng 

muoilase. ~:he opt~iC lobctl lie outside this· casing, but are 
tuct-cedinto the oonCllVG aides of tho central portion end 
themselvos enccwod \'1itllino.. tough !ilomb~Dl1e iioinir1g tbe eye 
tothooent!t)n1 part. 

Bo,cott (196S) desori.bea the funct10ns of tho so lobes I 
br.lofly the auboesophasea11obea tlre mootly conoernod. \il1th 

I 

J 
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a) 

b) 
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, motov notions (l:ld refle:-:otJ, ouch as' oatL"'lg t' ,i41~v:lng. -chanse 
Of colour; the SUllt'ttOosophngoal lobos ~ro :tnvolvod. in loarning 
and met102tu mochonioms,: ns!a also tho optlo1Qbe. The 
st"lo11illgs shot1nO!l: tbo Qptle, (ltalka havo beon shottm bt{ tlel1:s 
e4 i'Iolls (1969) to be onologons to \tbo pltuit~ C;lDl,ltt in ' 
soerotine; hormonan. l~a1s "11th. thoiroptia 011(1 aup1"e.'" 
oeSOpl".le{;oallobes removOd are unable to e:::h1bit loarnil'lG ~\Dd 
L1omory, or to soclr. £000. for themselves. tho~11 theY' w11.1 
grDBp objocta and bo £H):naitiva to toucl1. $titlUli ( Hollo, 1962 )l 

£10st of tI10 ad.vnneos in the eluoidation of' the t4'Or~Of 
tho ootO!JttS brain haw bOen mado :in el,oltlUsiJ1va anatomical 
stUdiQs, combined with lenm.:Lng o~riments.ThQ most recent 
compl':ohenoivc books are by \'Jolls '(1962). and. Y01.111g (196l~f3.) 

In ,tho most reoent ro,riet1, \'!clls (1966) dc'oerioos many types 
,0£ loa.rning o::;tperirnents, but tho one oost used .for tho 
otud.:r Of 3 .. QD.1,'11fi.ng \1nS to tonch the an1mo.l to l!o'iiect ox-accept 
tl1.oit'nn'{,~al pro:r, cruto, b~ moans Of punwhntont oX' ret'lo.rd.. 

Boycott and YounG (1955) shorJOd 'the :octopUS n 1:1:vo ¢r~\b at a 
£0\1 foot cllstnnao, 1'1.1tb or \lithotlt a \'lhito o(tuaro. Xf tl).o 
orab "I(lS 'shOTtnl eJ.c1na.tbeoctl0pus teJo.o t:tllowod to keop and Gat 

t:he crab 1£ At att:aokod (rG\10rd)Gl'ld $f ohOtm uith n vlbite 
£lqUJ'l.t'C, tho ~octOl,'lUStUlu3' given a ,mUd olootr-lc sllOO!;: if' it 
atte~:Qd.. Tboy fOUl1d thc{t aftor a '101:"9 £o\'zt."iols tho' ~,: 
.nQ't'1 fully trained., ()nly o.ttook(ldcrabo sho~m n1ono .o.nd neVQl! 

\11tll C'\ \:,;llita aque~l1ae'\ren 1f h~, 
BO;1cott e~ YO'Ul:\6 (1955) thon aot out to 1nvoot1gate the 

effoct of specif'4e loa:tona on tlla nbi.Utzy of the onimo.1 to 
loo.rn "ho dif)Criminuta in tbin \'10:1. !~als 4ilitl~ tbo ,optic. 
lobeal's17.tOvod cOul.d not be tttsinod tomnko v!.au..t1l <1ioer1m:i.n .... , 
o.tiono, oinea tho~;' \:1o~a offeCti:tvelzr blind, the optic nerves 
being oevorad .frOm. tb(~ rest ottbe norvouso3Stem. BO\1ever 
they found. that animals t1ith toovortieo.1 lobe ttomovGd, : 
tllOugh thGyeould sGeo could not loarn to (;lioerimL'late 
v1aua11y; bub 1;: tho trtnls iTot-O apnoed leao than ;iO minutes 
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llpa1.'t, oacb trial baing the aho\~]!llB of a crab tollo\'Jod bzttbe 
appropriats X!o'WllX'd 0%* punishment, tho animal was ablo· to ,1.Oarr1 

to dlocriminato·.bt1t made more arrova or \'1rong choices than 
unintuet ,animal. Young (1958) sho\~ted that the nUUlbe1? of 
orrol's \t£la plloport:tonal to tho peroont·age lot· thovert1oo.1 
lobe excised. 

Yo1.tn.g then e~ine'd the rolaOf tho verttonllobe in moro 
detail. he cOmpo,rcd tho nwnbe:r Of timoa nn ootopuanttaoked 
Q cra.bout of a. t01tal numbor ,Of trials, in intact and. oPG~atod 
an:tmala, and £outul that enimals \>1:Lth e,tCiood. vortical ~bos 
attaokod mora rend.flq tbonintnct an1malb,and thoaedoprived 
of the superior frontal lobo leos l1aod13$ < iOtlllGt 1961}b). 
Tbla was interpreted. aD Shotl1~ tbnt tho vorti.ea11obo had·s. 
Bup!-oasOtt tunCt.'"10111J and thQ tlupor!or frontal 101.)0, s:tt-uated 
iluot below ond to the ftQnt of the 'Vert1callobe.,bad on 
amplUication tunction. Figura 2 is asnsittnl aootl.ono£ 
tbQ contral bx-ain nho~linrs tho o.vrangemont Of tho lobes. 

t'lUntz (1961) rovaal,od anotho).* fUnotion Qf tho wrtioal 
lobe .• , Nortnnl ,o,nimol.scould betvninad usingona Oi/fJonlil, 
onel if aub30otod to trials utth tho otho:c o~. ttoaetod as 
·trained; an1lna1s '11th-Qut wx-tical lobes uora unablo to 
t;vansier loa:en!ng :Ln this\~a:v, ovan if tho optlo commissura, 
,a tractor nervoUS t!Ssuo linking tho: t~1ooptic lobos,\1tlS 
!.ntnct. 

on tho boois O:r: thosoond othor e~:cimGnto, Young 
(19G3a) fo~U1atod. a 'thCOXW' for the o~3anlont!on()f 0., visual 
metlO~ S10tG$t in t1hioh po.1;ttedo~ntroa in the oUWllOoaopbagaal 
lobes regulated. ,and addressed the alenaJ.s Of tho l'or:lulto of 
tho (lotlon taken fJ!l rODPbnso to corto!n stimuli i.o~ taste 
Of! palnas (l !r!Qsult ofaeelnB ondntiiaeld.nf3 ,orabs,. EarUet' 
li0Us (1959) bad. d:1scovorod thnt blinded ootopuooould. learn 
t1)uioorim1nate b7 touoh, usins simU@ mothods to tbose usod 
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The oeso9hagus r'Jllfl·l l ~;r G_i vid88 t he UP)f]~1 ,::~n:1 10- 'eI' he .. lves 
of t he brai n o M2;n ific a tion 15 tiill8S Q 



b;v~oucottan<1 Y01ltlg (1955) in visual t!'~lf3. Tile t~a1a 
1tla:ce able to discriminato by touoh botl'10Gn dUforont shalXld 
Qb~aoto in' the prasenoo .0S: lesions that pt'oventlodvisual 
:toarn:tn~, tlnd Helltl OQtlclUdGd. that the viGual and touch 
lG~ o~tomo ope~ated U1clopandentl:! und. t;lot-a looated. !n 
d.tffercnt Ij~'bo of the brain. Deatl."1iOtiOll 0'£ tbe oubf~onta1 
fillet inf.erior £rontnl lQbGf::l, (looatod. in :f:~Qnt of' Ond beneath 
-ulla au;pel:.'iorfron-bul lobe) aboliabatl taotile le~u'~Jand 
-thoso two loboa.funotlon 1n Pf)Jta1101 at:W. :1.1:1' on analogous llay 
to the ouper10D ft'~)ntal ~~d vbrtiaal lobes in tb'a visual 
o:;stom ( '~1e11s. 19.6~1 J.. Yoq (1%5) :no\'l ... formu1a..tau .0. theo~ 

for tho oI*Ganisa1;tonof a memory systom bnsr,;doll both tho, 
~-r1aulll and taotUas~ate~ of the .Qctol)US. otUdied bymoo,ns 
of lOttt'ning o'tparinenta of: 11110 type d~3oX*ibed above, 'comb1net1 
\";iiJh ablative QparutioDa, onddetnUecl mioroscopic o~!atll\tte.t30na 
to oooertalJl the o';~vontaoi {Jl1 lea10IlS at the end. Of tbE) 
e~~11ott1ments. The thoor;v ~ilU3..bO <Insoribed ha:r1s '!n. simplified 
tet'llls only. an or(lot' to sbOw the rolat~tJn between the 
no~phOlot7 of the, optioa.."'k1. vOltuioal lobos t ~1hoso bioohamistru 
is to bo invoatigatod. in l~tor cbapta;r.~o. and thoir suppaaod 
funotion as l'X>stulatcdby Young (1965). 

FigUrG !} :1s n dlt'lgratl of th·o basic memoX7 unit 0» mnGmM 
8.0 soon bzr Young (flS~~ra~ 0 .E.aoh 'One l.;{;)cords a a:tnglountt ;0£ 

!l1fortm'ltion, nomoi;y thoreco:t*d of e ~t!culat«stimulus and 
11:;9 result, 0,0 thatlOt.tt,u.!1C; in effect eontliats, of acoumulating 
aut.f'iloientSt:litcl100 tntlotlons., to px*oduao bellaviour fot' tbe 
gooci Of the animal, !l'booptlc lobe conto1na olaso~7!ng collS 
"hhat 0J.1'G o ellS it1vato tUldzaonpond tool-enola accord.:tng to . the 
occ:tu,:z'Gl1ce of' :tllllUliJlut.;itUZ contours 2no:tctGltlinna. dflrac'blon, 
Hubal and.\~Jioaal (1959) 11UVe. shown i;lmt single notmons in the 
visua.l centr,e of'tbo ca:t bra.$n bave rccovti:t.ve fiolds in tho 
rat1un. sutllorlCUld (1961) hao £\lao ShOl'tn ~oh[tt 1;iloro at'a. col1S 
in tho octopus rat!nattoonneoiiod to thoopt1clobO,l'litb 
recepti.vo dendr:i:bic £ieldaoriantod in tho horiZontal-vertical 
diroction. 
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V.U.l. V.U.2. 

Classifying 
Cell 

V, 

I,Aemory 
Cells~? 

FIGURE 3 

DiagraB of the visual learning syste~ of the octopuso 
On stimulation, the classifying cell in the optic lobe signals 
to the attack. or retreat pathway, accordinc to whether the 
action Nas previously beneficial to the anim~l : this 
closure of one of the pathways has occurred through the action 
of the visual cen'cres VU and ITJ...! 1 and 2 ( vj_sual upper and 
visuo.l 10Her cent;:::es ~1 and 2 ), when stiuulated by teste 
or paino VU clnd VI, "1 Etnc1 2 shovn1 here e.re the SUI)eJ::ior 
frontal and vertical lobes respectively. 

After Young, (1963a) 



Tho cl~sifyins call ,itsolf, according to !ouns (1965) 
,is l()oated ~the optio lob~a.nd is b1wrond. haVingt\-/O 
a1ternat!v~ moto" output~, J;'soUl t1ns in eithe:r:- atta.ck o:e 

, retre~t. If tho 'onimal'taking in', a.n un.i:amU!Sl' obaoc't tot', 
tbe £1:cat time oxverlQ~coa, pain,the patb'Wazt leading to 
'atta?k is ohut off so thttt 1n the 'fUturo the othqr operates 

. in 3:*Gsponaa to the same st1mU1ua., 'Young (1965), s\.\ggcats ' 
'this occur~ by meansot tho GmQ.crine eolls 'present t\l.ao in 
tho 9ptl0 lobe. ~n.1eSt;l are small nauvons, undo%!5 A1 ii1 
d.lwne~ol1., c~ntaJ.ntng QleetI!on dOWEl vo~lolos~ a.n~ ohort. 

, stump~ ay..onsl (Young 19(2), th~aGeells,lltts somoho\'l stimUlated 
,. t~ seo1'!ei.1e en :lnb.f~btto~ t;lubstan.co uhich' acts on 'o'no Of the 
altOna of tbeolaaolfu:tng,cal1a and 1nhibltsoonduetion of 
impulses, ,in a dotaUod ,st~of tbe 'optlc l()be t Young 
(1962) ahQwedtbnt all tbeelemants \1e:ce Pt'osant for suoh a 
s;vstem~ Figuvo4 sbOtga cells drD.\1n £rom a.s~ainecl prepernt~on 
Of tho optic ~ollei1 largeb1.axona.l col~s e.:ro soon to ooeur. 
as \;lel1 no' small (l1!Ulcrlneo. It ts notowovthy that nOt-thoro 
0109 in tho oct,opus nerioUSoNstem warQ biaxonalcel1G fou.nd. 
G1CCopt; ina pa.rtoftb.o~ubft'ontal lobe" \,lhich hua baen sbOtrn1 

'by Hells (1961)00 baing tllo roglon conta1ninrs tho classifiers 
'for tho.taetUe system. 

; .. , 

Young (1965) clesor!bouthe role of t'1le visual upper lobes., 
that. 1s, tho,aupel~ior f~ontFa1 nOd 'Vort1oa.l lobo, as 
OOrlibining tho viaUtll stlmUlus \\lith the outoome of thG aot!on 
taltOtt'in l'ooponse to :Lu(s-Of tasto or pam). and oonvc~~ 
tblo roault backtotllo'opttc lobe GO that only one possible 
outputoporntos in tho fUture. \ Tho experiments of Young . . . \ 

(1~?) deocrlbotl oe.~~:lettGhO\lea tho.~ tho superior f'rontnl 
lobe sorves to ampl~ 'tho signnl. coming from the optic lObe, 
and tlw vartical !tobeSe:cves to tnhlblt &t .. ' Ftguve 5 has 
boontl.i'atm frOmfrtiaino~ pveporat1.oDs, and i1luatrates 
oobomatioo.11:r the connecttona betttl0en tho optio lobes and 



16 

FIGUHE 4 

Diagram of the connections of the outer p6rtion of the 
OPTIC LOBE , and the retina, based on st&ined preparations 
of the octopuso 

amac .. = L'..L-:acrine cells; bas .. nell .. = bc_s::.".l l:eDbrane of retina; 
b(J2.!.. = bipolar cell ; c .. a.ff.. = afferent cell frorJ central 
region; centrif.. f o. = celltrifu[S2-1 fibre:; entering; retina, 
cof. = centrifugal cell of optic lobe ; coll.rec .. = collateral 
of retinal sense cell; in. amac. = inn?I' amacrine cell; 
lim. mello= limitin~ sembrane of retina; mod. = cells with many 
denclrltes; mul tip. = small mul tipolar. celr;-ret. = retinal 
nerve fibres ; sens .. c. = prirllary SC;Dse cell ;Sup. c .. = 
supporting cell;-"ban-:-= tangentia) cell; uniJ? .. = unipolar 
cell connecting with flexiform zone. 

After Young, (1962) 
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FIGURE 5 

Schematic dro.v,Jing of the connections in the visual memory 
system of the octopus. Neurons have been identified as 
shown, but some of the connections are not proved. 
VU 1 = superior frontal lobe , VU 2 = ve:"tical lobe 
VL 2 = subvertiqal lobe. 

( Young, 1965) 
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the visual upper lobos I Tho superior frontal lobe contains 
convontional o~pses and roceives ·afterentE:l fromvioual 
and taste fibres, multipllos these and mlncsles t'hem 'trl1th the 
siGnal . from the optio lobe in a plOltUS of nerve oonneotions. 
:Llilase ptlGS to tho Vertical lobe, in this lobe .£11>1'0$ oomEt 
from balo\lt and 1tO't.Ul.g (1965) presumes them to be "pain' 
libras, actlva.te<l by 1:m1nful stimuli. l}\igw:'e ~ ShotlS how 
theso conneot \'iith cans that mtorcopt tbof,1bros coming 
from tho suporl.ol~ frontnl lobo. Gray and Yo"f..'U'lB (19G4) 
comparGd thooloctron tllQl!oscop~c struct'i.tro of theso t~iO 
10bosl tho superior frontt\l eontainoc.\ convontional GNnapses 
,~itb vesicles (pl:esumnb1:1 f,f.Ued \~tb aunnptlo transmittor) 
on the liresynapt:tc aide ol'llZ", In contrast the' vertical lobe 
contained mtUl~ arlacrineooils .fillod. tll! th vesicles I and. 
synapsos bad veo!tclcG on both ald.os. This ~a.s boon found 
Glsot111ora in tho nervous system and has been· discussed. ana 
chara.cteriot:tc of inllibitoru 01tlll.psas( Grau,19(2). Thus 

siGnals amp11:£iocl 11ltho ~uperlor £Van.tol· and. ptlSsins through 
tho ·vert.lool. lebo may bu modtfted b1'tha notion of th(;) 
amaorine cells, \1hioh are at:tmUlated toaeorota :tnlrl.bito~ 
Dubstanoe if the lAt"tb. tlb"oQ are atimulatod. 

You.ng(196~) mak'ltl cloar 'Which connections hp.ve boen 
tl1orphol.ogioaUu (lcmonstrnteti to. oonnection '11th his mode!L 
of the mnsmon and thODe \';hiob tlu'Vonot. In the latter 
cateG'Ot7w the (lOnnect!On bearing one of t1:fO t1PGS of 
message .from tho vortical lobe back to the a.maorinos ·of the 
optio lobe. \!lhich \,;lU induce one ot ·tt.lO amacrines in 
FiG"'U1"O ;5 to ahut Off onoof :'(;\>10 motor patllliaya. BotleVe~t 

YO'lUlg (1962) GugHastitl tho.tthe clendritlc tt'1i()S on tM'1targe 
ceUs 1n tbeopt:'lc lobo (see Figura 4) supposed to hold the, 
memory store ('memory caUs') m~ roceivo suob signals. 

Young (196~) al·so strosoes tbat the 'V1sual upper lobes 
are requirod to onsuro (leltvery 0.£ tbo signals of tbe 
rosulto of the aotion to the correot classifiers, bi! means 



19 

Of their compl~x :cireuitr:T. ,'~Jh1e~ma1ntn!.ns tll.e classifiers 
at a lO\'1Gl'cd threshold until these signals arrivel there 1s 
ol.ao tho naeeaslt1 for visual oignala to be unde-rstooa. \iho~ver 
they occur, and tho role Of tho visual uppsrc:trou~t OS 
discovered by r·1tmta (1961) in the procass of genexil.11sation 
is to spread the information to all the relevant calls. : 

Fl.'Om the o1mplltied description above, taken mostly tXtom 
the work of Young. it can bo aoon that tho optic and 
Gupraooaophageal lobes form the ct"1:l0 components of the visual 
learning systom.In tho optic lobe tho claaa~ cells 
and. memory colla keep tl racordofat11nuli and their outCOIllOS 

ella. thev!ouol uppa:ttlobe~ conta1n the machaniam:Lntorms of 
cirouitry and oonnoctions ;for ,modlficatiott, amplifioation 
ana. c;cncraliaation of signals. (md for the perm8.nent rac()J'd~ 
of a memo17 in the optic lobe. 

The lobes of tl10 tElOtUc s~ptQm ~1itll 1tsparnllel 
organisation were not studied b:toebomionUy. l£houghsimUtll' 
in arrcJlgement to· the visue,l a:rstem (~veUs 1961) the mem017 
$snot looated in 0. ae par ate 10b,e, but1a at the baao of .the 
fJubfrontal lobe. The amounts of tissue involved are much 
smaller, and from tho POint of V101t10f disoeotlon a:nd slicing. 
the uaoo£ the lobeo of tho, v1aual system \I,fas more profitable. 

In COIn!.ltming tho t"YPGs of norve coll in thaoetopus and 
tho rat brain, it \"Joulit. appear that the optlo und vertical 
lobe contain e. hetorQgo.noous population 01" call t7POs.The 
cellul~ strtlcture of'the rat bre~ is also hate:oganao~at 
and ttle cortex 1too1t eomprisoa several layers, oaob containing 
a. difforont arJ:0.nt:5eraont of Q,Uforont types of celln. s:fue 
ot1'ucture of the ma.mmnlien brain is the subjoot of" many 
detailed toxt bOO}1:S, but a oynopaisof new:oonato~ baa 
recontly boen\"1ritten. by Illntzke and l'J'oltz (1967) ltlhioll Gives 
a good go.nera.l account of the brain for non~o.tom1sts. 
Figura 6 is a diagramshQ\iI.1ng the ar!}~tngement Of thecoUs. 
in the cortex in aimp1UitJd; £o~m. Tho pyramidal cella 
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extend from tho ourfnce to the deeper ID.1Grs of tIle corte~ 
or to tho \ih~te mo.tter bonoath tbe cortax;. The stellato cello 
havo ahort Q).1'fJrul. and do not connoot \~tth PCtl1ts oftbo btta:1.n 
outo~de the cox-tolC:. At tho oortical surfaeo arc tho 
horizontal cella Of O~alt lJlbOso e.xonn 110 para1lul to the ,: 
surface. ~e polq!1l0ltpb. colla havo the1tr bOdies in the dooper 
layers, but theiJ1 dcncltt:ttes extend. to theuppev layers. 1'J::he 
eallo Of' t1artinottl hs.va shori;' dondrltaa but II long 'nlton 
tbat runs to the ourto.ca. t~ \'/011 nathese layers, bands ·of' 
£ibres run ncroas the eortoXt consisting of the terminal endrJ 
of afferent f1bres.Loops oonsisting o£ bundles Of £lbres. 
andpasoing thl!oughthe white matter beneath the colrboXj 
serve to connac~ different PaJ1t$ '0£ the cortez \}li th otlch other 
end\'1ith o1bhev ptU!taof the bruin, and are known e,.s assooiation 
bundles.. In addition to these dUferent neuronal typos in 
-tho cortQxalone, therot:1.re thagltalcells. Cl'llgg (1900) 
doscribes tho nGlWOnS au tho "compUtingcantrean Of the 
norvous o;1stem ondof the 11hOleo»sooiam, \1hion QonnGot '1ith 
a vary largo numbe~ ot· other nellrOns, by monns of tboU' 
short dendrttes, l'lb.ichx-ocelvGo:1.gnn1a. and thoUt long l1.Xon. 
through \·J1Uoh tho signal to transmitted to othor colle. 
2.1}.1.G gUn havana Ol.tOnG' theyatre intimafia~com1ected. with 
the nauroD$f and ara tbought to hnva a GUppo~t1ng fUnction, 
inclUding tllooontrol otentryot .substances into *t;ho nourons 
from tbe blood and tl:lo extracellular flU1d,. Soma of tbe 
aapoets 0·£ thoSJ; intot*uctiono t:lith the) neurons ara no yet 
unclear (ROt'Ul.1968a).. In the mnnnnal1an brain. tho glla 
are ontitnatod to OU1,llumbOt- tboneurons tq an muoh as t.en ttmoa 
!n aoma V!U1taoftheoru1n. ( nurnberger, 1958 ) and range !n 
aiGo from ~ to 50 ft1 in d!omoter' ( HOSOkG.~lnt 1963 j.. In 
contrnot. thOllC appocm to be very £011 glia in. tho octopus 
brain. this \faS montioned. by Roberts (1964) and Young dOes 
not soam, to diaouas slio. :in h1s ~.m1t1ngD. 
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Just as the optic lobe receives ~Jisun1 ot1mU1i and is 
'the see.tof visual memory in 1jbo octopua. the mamtlalian 
corte,t receives ot1mul1 from all thG senses. and in it 
consoious experience is gonersl1sed. FUnctions are loea11se8. 
in cortical areas. but the stUdu of the cortex seems to 'chow 
less and less evidence of' the complete dependance on small . . 

areas for apeoU-!e funotions ( Ranson & Clark, 1953). The 
cortex is also th~ centra Of motor control, as well as n 
aonso~~ reoeptive centre, end is the seat of conscious 
sensation and of momo171 since tllis sub~ect .i.s so complex 
andcontroversia.1, it 1:1111 not be dlscussec1. further here. 
As reGards tbe fu...YJ.ctional ol'ganisatlon of the mammalian 
bra.in, it bas only begun to be studied relatively recentl;y. 
notably bN Bubel· ~d ~J1Gsel (1959. 1963. 1965, 1969 ,. \!lho 
have st:udled tho vi.sunl centre of' tho cnt and the monkey, 
ood relatod tho different ~p$s of nerve cells and their 
connections to .function. The classificat10n of inputs 
appears to be complex and ocours at soveral levels, in tho 
ret1na, and als'oat tbree levels in tb.e cortex, l~1here each 
funetion~ area is grouped in columnar form. Young (1967) 
points out that in man, 3 milllon afferents roaoh the ~entral 
nervous a~atomt but there ~o vevy mv~ more at the periphe:t7t 
100 mUllon in the eye alone. In contrast. the octopus OI~S 
reoeives afforents from 8 million receptors condonsed into 
haLf a milli.on ohannels I thus e..n importa..nt difference 
bem1een the rat and octopus brains is the far greater 
condensation o·f input and comple2tity of classifica.tion found. 
in the m(4"1lr.1tllian bra.in. FOr example. in the octopus brain. 
clasoif:ing cells arc found in the optic lobe, but in the 
manL~allan brain, in the retina. 

Thus the stud'1 of the octopus brain has led to the 
beginning of tbe 0lucidation of the extremely complex 
,,!orking of tho mammalian brain, hitherto unfathomable. 



Since relatively ) .. 1ttle stUdy bas boon made of the 
biochomistry o£tba octopus brain hO\iOVer t in contrast to 
tbe rat brain, \'Jhf!.ch bas been studied mora than that of an:r 
other specles, it seemed worthwbileto otUd~ in tbe octopus 
the meta.bolism or substanoes abOliJrl to be of primo importance 
in the rat. 

THE r'If~TABOLISI10F GLUOOSE AIm Ar'lrl~() AOIDS IN Tim 
, ' •. 1 1M. rye nIt .......... l •• ,C .... . 1$._' '1 h :d )'1&.1."'11.' 1_ 1'. _.Ut 

f'1ANI1ALIl~l BHAlt~. 
t I eo"~.' , Plt.,." 

-It has been kn01J.7n for a long t1methat under normal 
conditions gluoosu 1s the prime oxidiaablesubstrate in the 
brain ( HCllt1sin,1963, 1966). Himwiob (1951) first showed 
that glucose \iJas t;ha only substance to be taken up from the 
blood in sufficient quantlty to satiety the energu require­
ments of tbobrain tissue. Geiger (196~) abo~od that glucose 
is aloo a Gubstrata £or protoin and lipid auntbosls as well 
as being a Gubstrute ;tor oxidatlon. yielding lactate, 002 
and ATl? 

F..eX!.fUsA9..~ p.tj..m~~~lgp.:rtcf4.p.. ~'1~th slucoaq. ,!q Pli~t 
Gaigo!!,. KQ\1Oltita and BarkUl.1a (1960) per£USed oa.t bttain 

\:lith a. glucose .... containlng sallne,and found that tbe 
utUiantlon 0·£ glucose uas acoounted for os CO2 and. lactato. 
However it seomed that glucose \1QSnot the only substrate 
o~"1diaed. U140 g:tueoae yiolded a. "i

l
t'C02 of a npacttlc 

activity navel' groator than t>~5 tha.t of' tho gluoose., 
implying that othor subsjiratOG'Vlare contr!but1ngto tbo 
formation Of CO2* During oonVUlsions bttoughtnbout by 
drug treatmont O~ electroshock, moro CO2 \t/as formed. 
though the amount of 140°2 aotually decraaeed, the uptake 
of glucose into the brain was also decroasod. suggesting 
the increased oxitla.tion of other substrates. f10t1l 

glucose 1l1aa convQlztod into lactate during convulsions. 
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Arter convulsions, the uptake of glueo.se incrollsed to 
the normal ( non-convulsive ) t reoting value, but the 
recovery )leriod \'lOa assoc1tlted t-lith an increased protein 
and G~colipid: s1t1thes1s. ( Burl:ulia, I{U\'lal:1to. & Geigel'. 
19(0). 1-lcIl\llain (196~) also d1scussos in detail the 
depletion o.f glyoolipid during ol:ccssivo electrioal 
activity ill r.'tr.~. £)Jld. its resyntheo:!.s afterl'la.rdo, 
requiring glucose. 

Barkulis at p.l. (1960) also measured the inco»poratlon 
~ u11.f.n l' '''.'j.. ~. .. .!td·· 1 t4 db' 01: . v g UCOS$ ;WuO ..t.reo amUlOaC..t..S 1S0:·a e :t:rom 

samples of cat co~ta:t a.ftor differont perfUsion times. 
after one hour, the specific actlvi:liy of the total amino 
acid tra.ct;ion reached 1B%tha.t of glucose, and remained 
constant thcroaftett. This value \-JUS not altered. b:r 
convulsiol10. and it 'tII0,0 concluded. that, like G02t~).mino 
acids \'10rC also formed from non..gluooae p:ceeursora. 
l!,e Fletfw1bo,~i~~'ajo;e,.~l.,""ep,tse . iflll.v{L11.0. 

similar raoults to the abov~ \lere obtain.ad b~ Vl'ba, 
Gn:ttpnde &1 I?i.chter ("'1962) '!ny!vg in tho rat. Intravenous 
inaecti.on of u1lro glucose rosulted in the incorporation 
of radionotlvitN into brain amino acids, tbo amino acid 
fraction contained 72~f, of the total rad:1.oactiV1t7' in the . 
soluble brain oxtl'D.Ct afto~ 20 m1nutos, tlhoroas it 
contained, only 15i~ of the total ro.diouctivitr of tho 
liver e::roruct. The amino aoid fraction a).so bad a 
higher specific activiw in t~a brain than any o thor 
orBan. After 12 bourG, radioactivity \1flS found to be 
incorporatod into brain protoina. 65%0£ it being in~ 
bound a.spartato and glutamate. 

Gu1tonde, Barch! and ~cbtel' (#1965) oompared the 
incorporation of' glue'oae oarbon in tho brain .and o1;hor 
organo of the cat. 20 minutes after SUbcutaneous 
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in~ection of U140g1UCOSO the d!str1bnti.on of the 
label in tho brain \'1SS t 70}~ amino aeids, ;~-6 'Wlohanged 
glucose. By contrast,1n the liver, muscle and blood. 
70 to 9096 of the J]adt.onottvt'h1 \lIas in 1lnBbanged glucoso. 
and vor~ l1ttlein frue tUllino !lcltla. Tbe specifto 
act1v1t~ of tho total amino ncids in tbe brain was 10 
times tbt~t intbe othor or(fjaruJ. a09~ of the amino aoid 
aotivity beins in the acldlc trnotton ( glutamate and 
aspartate ) t wher<JllS in the other tissues, a higho~ 
proportion of counts tllont into the neutral amino aclds. 
Gnitonde,t Dahl a:nit Elliott (1965)ahowed that only three 
minutes after intIoct1Qf1 of U140 glucose the diatribution 
Of radioo.ottvtt1 :1.n the brain \10S as £ol10tlSI Glutamato 
3mb, aspartate ~, glutamine ~§. GlffiA 4% and alanine Ct~. 
The values for tbe liver l'JerSI alanine ;O$'~t glutamate 
5fv,glutamiDe 5?5un4 sspe""tate ~%. 
Th.:.e metabolism of ~lu. coae in v.ltro. 
"'111 ... ~ ".. I ...... I ~ ...... I II' . II If 

Beloff-ohain, OatnnzBrO,Ohaln, I'lasi and l'ocohie.ri 
(1955a) incubated rat cortex sliCOs \1ith U14C glucose, 
and after one hOU!~t found. that tbe glucose \1aS inoorpOrated. 
into the tol1o\1in~ productsl lactate 60%. 002 2Oj;;.tbe 
remaining 2~!§ beitlg most13' in frOG am:J..no acids I glutamnto 
~~, GADA :S7~. a.Sprll1tate 2.~~. alanine 1.57~. In contrast 
Beloff-Cha.1n at al. (19;:(51:, )found the inoorporation of 
radiooC1ilvlt7 from U'140 glucose bN ~at diaphrasm musole 
.to. vitro to bel 1/+1~ CO2 , 26}~ lactate. and tbo rest as 
tree glucose, ol1t;osacchar1des and glycogen, in contrast 
to the brain ~lhere leaD than 1% Of tho glucose carbon 
t'las inoorporated into Gl:1eogen. 

E'rom this data it is posalble to make itllpOrtant 
oomparisons bem1eoD. the inoorporation Of glucooo 
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14oarbOn in vitY'ft' end . in vtvn,' and bet\:1een tho brain 
....... ,pr I'''''' .~ •• '111 ..... 

and other organs in eaoh case. In tho' brain ,as compared 
to othor·organs, mo):s glucose c~bon is incorporatGtd 
into amino aclds. ~;!l. ~fltm and !9.jl.lvp.. rat b"a.Sn 
1p v&tr,o incorporates more gluoose carbon 1nto lactate, 
loss into free amino ooids, compared to, the in vivo ___ .,. I 

situation. Vrbaetal. (1962) pointed out a considel"able 
incorporation 0:£ glucose carbon ~nto protoitl and lipid 
av~:~o, t1beroas Dolot.t-chain ot nl. (19S5a) found 
only 'traoes ~ y&t£2,. 

'Tbe pathway by l1hlch g'luCQSO is o?idlsed by' the 
brain is nlsOtlel1 documonted.. TO\fer (1959) teli Pietro 
and. Hoinhouse (19S9) and Vil100 and. Loring (1961) stato 
that·1n tho cortox gluoose!a metabo11sed. exclusivel1 
through tbo g17col:rt1opatht'/ay: by conversion into 
pyruvato t ~jbich1scompl.()tGly oxtdlsed via tbeKrabs 
cycle. VUlee o.nd Loring (1961) did POint out that in 
otber parts' 'of tho brain, tho pentoso po:tb\-1ay operated 
to somoaxtont. 
~e. n,:va1~~ pi ,ip. vi:v.l'Q uvs12ax:a;t10ns. 

The differenoGs in the m~tabOliam Of brain in .,v.tiiiiii!ii· Vi ..... O 

and In ntr2 l:>o~e 'the qUQot1on of tho value of using 
sliCes to obtain l11formatlon about metabolism in !trj.ty.. 
This problem is discussed. ~.a.mone; otbGrS,tlcIlwaiD 
(1%6). Elliott and. \'lo1te (1962) .. and BradfO~d (196S). 

In assessing anN differences, one must look closoly 
nt the structuro of the brain in s!im. as compared\<11th 

..... li .• t 

the sl:lco a ;vttfO. !£he brain is'suppUed byG nett'1ork 
of blood vessels, e.nd ita outor "surface and inner 
epltbolio.aro bathed' incerobrosp1nal fluid ( CSF ) I tho 
composition of the cSF 1s not identical with that of. the 



blood, ttnd the paStJage of substances batwean the tt~ 
appearo to be regulated.. ('oragg, 1%8 ). 
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Inside the tlsnue itself, thQ closely intorconneoted 
neurons ondglia al'obuthed in tbe cJ.:tracellul.ar fluid, 
''1hioh 1s estimated to OCCUW from 9 to 15% Of thG \'lhole 
tissue. It is thought that tbe glia, \Jihloh fom altWar 
around. -tho blood co.pUl~ surfaces. and surround the 
neurono mayoontl101 tbe ent17 of substanoGs into the 
nouxaona ( HOSO, 19683.), and- tho intar1?elatlonsbips 
between tho tt:l0 e-ell,· trPes m9.7weU bemotabolic and 
functional, as \1e1:l as morphologioal ( Hj'do'n and Figon, 
1960 ). 

In the rat cor-tax sllce, uhicb. lscut ta.ngontinl.ly 
to the surface., axODS aro necossarily Gevelled, since 
tho1' run perpendicular to the sW!tace. HOl!IGVOr there is 

eVidenoe tha.t the eut ends do close up ( Bourke and Totter 
1966). Neame (1968) potntsout that substrate 
conoentration is oontrolled in the slice, \>lhareae in _ ~~1 
~t mar be necessar~ to 1n~act radioaetive Gubstrate 
rellOutedly to obtain a fairlycons-tant substra.te 
enVironment. Perfusion \'lith tl known fluid is advantageous 
:1n this respeot. but Geiger (1962) l)QintEl out that this 
only measureD gross changes in tho entire brain. 

1i .further advantage 0·£ theuae of slicos 1e that 
d.iffUsion can occur troely bGt~leen modium and extracollular 
apaoe, by-p~ss!ng the blood oapil1artes and their 
surrounding l~er 0.£ astroo;rtea, ,,:hieb are presunted. to 
control atitry.of substances trom the blood to the 
extraoellular flu1d in tho brain m. p'ituy ( l.Iyden, 1960 ). 
Thet'o is no rostriction on the entry of glucose, nor of 



amino ,acida in ~JlJ;!L( eoe the next section). t~ost 

impO:ctnnt 1s the fllet ·i:;bo.t cells 1n the sl-ice have 
the mombrana intaot, ~lhioh 1a of prima importanee in 
the functioninG of'the brain ... 

McIlwain (1963) showod that brain slices ~sspond 
to oleqtrical pulSt')s!I1, i{.i.trg by o.n increased ol;yr;on 
uptalte and rate of glucoso utilisation. In the 
prosenoe of' gluoOSG. bratn slices a;vnthGsiso PCr and 
ATP ( ,{loodmnn ~d t~c:tl\1ain 1961) t ella. the effect of 
pulses is to roduco their levals. Bradford (1968) 
discussed. t(ho etf:.lolenoy 1'JithHhich various aubntratos. 
sursars .. and intermed1utes. mniJ1tain the levels Of 
tbese la.bUc l)hosphates, 'as \11ell as aUPf..ort othor 
p1'opert!les, ouoh a-s rculp1J!ation, accumulation _Of amino 
acids against a concontration e;ra.client t respiratory 
respOnso to electrical pulses. and concluded.tbnt 
e;luoos~ 'is the moat efficient s.n all these respects. 
IIe oleo pointed ontthat.lactateformation in ....... v:1. .. t .... t: ... o 

......... -lI 

is not a good. r;uida to the situation ~~ xt~ol it is 
fOI'mad. inoxeeasive amounts duo to its abUity to 

28 

dittuse out .of the alice into the mc(l:tum, so that the 
total ·amount fol;'n1O'a, inJ.~P£2 depends on the ;medium!slice 
volume ratiO, tho amount intba slice after incu,bation. 
be:tll~ s1mUv.r to the intracellular concentration in vivo, 

""0 ...... . l' 
(Hen~la:ln 19% ). 

Sliceo are also affectod by·tbaionio eompos1t1on 
of the medium. Bourke Olld 9:QtaJ'sr (1966) and ~so 
Po.ppius and Elliott (19;;6) pointed out that a. 
concontration of potassium ions above 201T!f1 causes 
Strlol11n~ due to the uptnltO of t'luter into tho slico. 



Kint ,Olld quastal (1959) OhO\1Gtl tbtlt oven hieber 
concontra.tions of pota.oo1um (105~t)inet'oa.so altos 
respiration and altcl'the metabolic pattern with 
U140 c;lueooo in~$z~~' more ltl.bollcd glutamino 
,and GAllr~ are £ormedfroLl c;luccae compnred uith 
incubation in a so.line containing 5mI-l po .. tassium. 
f::,uastcl (1962) has auggcotod thnt thoef£eet of un 
increased K'" I Co. ..... ratio 10 to cnuse more breakdo\1D 

of AT.P C4"'lU FCit. fOl."'minC; more l\..DPand inor(:;onio 
pl'loophato, \':bich 3.0000 to tllO incroased respiration 
observed.. and to t;ho fastett tu....~ovorof' the citric 
acid cycle, D..t1U tlccolornt:'Lon of the l?aeema.lt~ns step 
or. pyruvato oonvol~sion, -to .I).cetyl Coenzymo A. He also 
points out that o' .. eetrioptl, stimulation bee the sama 
appalJont G~root on slices t as does a hiGh 110tassium 
lovol in tho modium. 

The 'effect on tho electron mioroscopic nt!'uoture 
of :tncubut:tng mC!lnmalian cox-tel;: in vitro und.er various __ • I. , •• 
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conditions l1ao investigated. by Cohen and n~t1rmm (1964). 
In tho absence of o.ddedoubstrate, Dovero t1.omc.gooccurred, 
coll membranes 't10:-0 ruptured and. mitochondria ·distortod. 
UO\10Val? slicos illoubated ~ilith glucose possesoed an 

tllt"!'D.structure o:1JnUru: totho.t of unincubatcd ,tioouo# 
tho bost pre nervation o£ Gtruct~o occurred using a 
pli of 7.t~t tho pU ot the Elliott-Etondcrsonse.line (1948). 
They 0.100 founil tbo.t, as n rulo, tianue, \>;0.0 boot pro served 
by conclitiono t'lherc phOsphorylation occu7:!'ccl, tho only 
G~tcGption to this beins t~lith Blutamnte. Hhioh did not 
support'phOsPhorylation buteo-used no ot:r.:uoturcJ. damaGo, 
ana 0100 potassium ions \;jbieh at 100mH concontrntion,suppo"tad 



phosphorylation Mel a b.ie;h respiration, but caused 
cellular distortion. 

For ~hase reasotls the choioe of'cedio. for 
,in~ubation of {;ho l~nt<?OI'tax and the octopus brain 
\~laS difficult, as f.t t'1&6 not oertctl.n that the ions 
that sfj:eetan the tlotu1lo1ism of the rat brain sl:\.ces 
'ioulcl affect the o"toptlS brain in the same 'fIlny. The 
meclium choo~n ror the z-at 'vas a. phosphate-buffored 
saline, similar, ,to tha't or Elliott and Henderson (1948) 
containing no calcium. but potassium ~lt the rolatively 
high concentration of 27mr-t. This concentration 'Has 
repOrted. by Berl. IIiekle.s anuClarka ('1968) to yield 
a. Glutamine !.n..Y!4t3~ 'of (l1.fferent specifio aqtivity 
Qompared to 5mY-!vo1iuooiuo, '\'lhen radioactive glutamate 
anel asparto.te were usod a.s attbstratos. 
Yl?t.t?J!~. of o.mlnp~1.rls .... b;r Rl.D.!mt!.li~Tn,.bro.f.n .. t;!.sfl~.2. ,l.tlvitrp. 
and in vivo. 

t • t-

The psssngoo£ amino acids into t~e mammalian brain 
differs in vitro ruld. lnvivo. In vivo r.aised levels of __ ..... n •. ......... •. '.. .,. ___ .1 F 

amino acids in the blood do not result in raised levels 
in the brain in contrast to other organs, but le.belled , 
£L~1no acids in3eetod into the blood exchange very 
rapidly Hith tllose of the brain, ( lsutjthe .. , 1962; Haruna, 
1968 ). 

r:;tern, Egc;leston, Bems e~nd. Krebs (194·9' first SbO\l100 

thot171utnmate ~laa e.ecumulated. b~ brain slicos in vitro .. Q ., ___ II • ' ... 

against a ooneontrotion gradientt the process required 
glucose antl o:.;cye;cn end \'IaS inhibited b~ res!)irator3' 
poisons. Torner, :Bgglcoton an.d Krebs (1950) further 
sho~¥ed tbatpotnasilltlt'ltlS truten up concomtlitantly with 
glutamate ancl 5,.n equivalent at'lounta. Abadom and. 



Soholeflold (1962) domonstrated tho phonomenon in yltro. 
~lith a \'lide range of amino aoids and ahowed that the 
amount of amino ac5;d taken up \jas proportional. to the 
A~P content of the tisaue, henoe the glucose and o~sen 
roquirement. This lim:1tntlon !!!. y.lvo to tho entry Of 

large quantities of nmino acids is ono aspect of the 
so-ca.11ecl blood-brain barrier. and as 3'ot. the mechanism 
Of its aotion is !lot fully understood, ( Dobbing, 1968 ) t 
nor is the moahani£lm by t:lhich e.m1no nclds are tranaportod 
!ntothe brain. This is very complox and in\"olves 
several systems, ,and G tentative scbeme has been outlined 
by Neame (19GB) "Ibn bolioves that this mecban1sm !!!. :!!;~p, 
and. !a. ;v:1~ro. though apparently contrasting, may bavo 0. 

:common basis, 
fl1le,otfpct 10£, Gl:ut!Ulla~efinvltro on ,tho pu:umaallan;t>:cp.ill. 

The effect 'of glutamic acid at 2to 10mM concentration 
on the brain slice han boen thoroughly investigated b:v 
MeIltlain's group. I1cIlwain, Harv9r and. Rodrie;uoz (1969) 
showed that the effect of glutamate on the outer surface 
of the slice was similar to an oleotrical pulse. tn that 
it resulted in an nlterfltton 1n the permeability of tho 
mombrane to aoc1itttn and potoosium lOne _ and. the reversal 
of the membrane po).arlty at the point of action. Earlier. 
t'loOdmannnd. Mell\1a.1n (1961) rOpOrted tbat incubation 
with slutamato in the prosence 0'£ slueoaG reduced. the 
levels Of: ro~ end A!l'P G~theslsed !a. Xitr! compared to 
that \TIltb glucose Q,lone. BIlo.dtord (1968) suggested. thls 
una because more A~~ was brokeD dO\fIn in the active 
transpol!tot glutnnata into the 0011s and in the recove17 
of the membl'ane after the depola.rlaing effect of the 
glutama.te. Theobservat1on Of Coben and. Hartmann (1964) 



that 0.01100 incubated l71ith gl.utamate shows,t as little 
ultrastructural damage as one incubated \111tb glucoso, 
may also indicate 'that glutamate (loes support, 
phosphOrylation to the same extent as glucoso tn vitro • 

........ ' .... ttl!ll' 

'the extra 111}pbe:1nc; broken down fortine reasons stated 
abovo .. to glvetbo result1ng lower lovels measured b7 
\'loodman and r,toIl\fain (1961 >. 
r-aet.ab,pll.'?Yl .. oG.. ~~;1mp~e, Yl .. ;tlle trnqt¥~~1.!lU,,,"p'.aH1 ,in !&VO.* 

Atl1dely docwtl13uted. phenomenon llbtch ttaises 
dit£icultles as regards interpretation Of data is tbat 
,of oompartmentat1on, which \,1t1S first discovered in 
connoctlon \flth themetaboUslll of' glutamateln vivo • 

........ 11 'II ••• 
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Roberts (19%) fOWld that t.ntraoorebra.1 in6ectlon of 
U140GABA into mice 71elded a glutamine Of. higher 
specl.fic aetlV1tzr thOJ1 glutamate, its supposed precursor, 
in thobrsw. glutamine tss:vnthesiaed Gxcluslvely from 
Glutamo.te t and is the tno30r means of ramova1 of eJllnlon1a. 
Takagakt, Berl. Ola.rke, l'UJ:lpW!tl and t>laelseh (1961) 
tound that lntrBcarotld intusionof 151~ammonlttm acotate 
yielded in tbo brain Q, glutamine ~lboSG (}(-amino nitrogon 
tIM ten timOD mote he.av11:t labelled 'chan tha.t of, glutamato, 
from ~lhlch it ~/a.S prosumably mnue. in the livor tho 
reverso \,lMtho oaee. tbe ~ ~ {:l!3ino n!trogenof the 
gl.uta.mnte beinG tlOr,ehoa~ labol1ed..t:lot>lovor the ~-

ammo nitrogon of nG~ate ~las higher tban that of the 
glutamate, in thellvar, but lower in tho brain.. (Naalsch" 
1962~') -

Derl, LaIjtha.. and \~u:telaoh (1901) in3acted U1l~O 
glutamate 1ntx-oclaternnlly 4ttto the rat and three minutes 
afto~ in3oot1on isolated. a glutamino \·;hoso specific 
aottv!t~ \-las 4 to 5 t~.mos that Of tbaglutamato', one bOlW 



after intjoction th0 specifio ac.tivity of glut am me 
fell iiO 2~'" timeatht\t of glutamate. ~a.e ur3G or t11t~c 
Glucose as pl:ecursor yioldacl a gluta.!l1ine, Of lOtler 
sI!90if1c Ctctiv!t--y t;han ,the ,e;lutamato, hut it must be 
omphL-\sisadthat it \'1&8 n01:; injoct~1(1 i.a.~tracorcbrnlly 

( G~},i1;ondo. et al ... 1965). ~'he O)::l'Jlnnnt;ion of theca 
l)uenomeno. \'Ja6 8i V011 b~1 1jo1"1 .at al lit (1961) ~lld \'lo.o1scb 

(19C~.'aj10 £0110\1113; tbere tr~ere t,'lO l)OO~i o£ glutc<Jllato 
in t;l1a bz:nin. of d:t5;ferent sizes, and not readily 
in'uerchrulgeable. :rh.o :tn.acctod, glutamate camo in-to 
0Cluilib,,;ium \:1i th 'tile smaller pool., :L."l which glutamine 
S~th0S:tS OCc.uJ:l.~O{l mora road.ily th~Ul in the los}ger l~ol. 
l)uring e::,:tEo,ction, the high apecifj .. c activitiJ Glut;o.mate 
"1etS dilu·t;ocl ~1:1 .. th 't;:le ltU7G6 pool' to yield u glut~lJnatG 
of aplJt!.!."ently lO"iJJa:tt spocirio uctiv:ttzr than S~ts l):t'o{luet, 
clu:Go.mine~ t)ut \,fith t:iJr~e, tho ofi'ect t1ocreascd. L-lS the 
t~10 Glutamate pools millgled. In tIle liv-el'"*, tho Gltltam~e 
tlIUS Sy-nthOElis(;)(1 from tllG larger pool of. gll.ltemate. 
£;~sparto.tc fl"OID t{omaller 'pool., Bore rocen:l;ly, Barl etal. 
(1968) \1er'O able to demOl.lstrate this so-cullod fl\'J£loloch 

effoct" ~n v:l:tro. thus sho~·;1ng it \'it;~S an intracellulat" 
~ . ' , I. m ,if' . 

pllenomonon, 'not delJOnc.1.ent on trE:illSfol'lDzd;iolls ooourl.'ing 
outfJj~de tiho bra:tn. 

~:hero has boon muoh ev:l.donce fr..'om other sources on 
tl1G existence of sop~o.te comp:wtments: Garf:tnl~ol. (1966) 
oatJ.c a COlilpU:t;(J:t: simu1a1;ion, stU.d~ (' based on tIlt? :cosults 
of: tho tJaGloch group ) of ;the meta'boliom and oompD.1'tmo,nt­
ation of Gluta.mat€~t. nnptu:tate and. intermed.iates .. and 
concluded thtrli there \lOt'o ttJO unoqually--sizGd 17<>01$ or 
c1w1.c acid cycle 1n~bl()~diatco. Van <lon Berg, 'Nela. and 
\1aelocn (1966) rOI>ortod findings that SUG070sted glutamine 



could be macle from glucose in the brain by a route not 
involvingglutamatio, but Hoslam and. Krobs (1963) showed 
conolusivel;y that intoroOllvorsionS . in. vittto bet'1'leen 

~· •• , .• r •• 

amino ,neida in mnnnnal5~an :brnin ocottttred. onl'Y through 
ImolJ'1n trana am1nast) roactions e.nd oitric acid c;rcle 
enzyrnos. 

gl10 idontifieationO.f1;base compar1~ments is ,as yet 
Ull.oerts.in. 8imont; Gohen and Derry (1967) postulated. tt10 

c:l.trio aoidevoleo located in ~10 dist:Ll1Ct pools of 
mitoohondria. ROElS (1968b)shOt10d tbat the nnSl:1Cr t!lU:1 be 
in the differont l:intltl ·of oell in tho brain, \<lhen he 
ctemof'...atrated thnt tbe metabolism of glucose ond glutamate 

~ 

differed in tSOlated. neurons andglta in vitro. i'lore , _ ....... ·f Ii 

recontly noae(19(i9) repOrted tbat ~.ntrnclGtemal 
,in;joetion ot: U14C glutrunateinto rat brain, £ollo~tec1 ~zr' 
b1lllt soparo,tion of neurons "and glint ~ielded a glia.l 
Glutamine \tIlth tt1f~ce· . the specifio activityot the 
e;lutf'..mate, but tho ~laGlsch ~etfcct '1M not 'shotm by the 
nettt'on~,J.: f'ractionlt 110tte,ver, though eompertmentatton 
~touJ.d appear t·o bt.l li'lithin tbc)one cell typo. the, glial 
fraction 1.9 .in faot COftt,aminnted by nervo-and1n,g 
po.r'tiicles, . ,so' the q\Wstton'remains as ,.et unenOl>10red.. 
Recont" sttidie9b~ BradtblX1.(1969), 'roveal thD.t' tbese 
nervo-enc13Jlg pavt:t;.c3:ea, formed :tn. :~omogonatos £r.omtho 
eynaptl0 portion uf the nottrons.close up into 
partioulato entit:toaand ahcn·lbiochcmf.cal properties 
not unlnte into.ct cells. rather than isolato(l ()re;anelles 
sucb as mitoehonw~lat tho7 suppOrt respiration, 
neoumulat911OtMS:Lum. syntbesise ATP andPCr, comparably 
to slicos, but unlike brain m5~toohondria, FVJ1ther 
st~()f their me~habolism should. bo vatr:! re~Jard1ne;' and 



perhaps reveal tlmt tho1.ma:g- be ,.a third. .~ of 
'comptll'tment. Thera ,me.~ :tndec~ be up to as lllany' 

eompOlltt'111ents aG there are call t:vpes. and a~boel1ulall 
organelles in tha brain, •. and Brnd.ford (1968) pOints out 
tboir possible importancQ in the control of brnin 
motabolism. 
~~ ... mp,1jA~!.~!1l. of.. ~.:g.~:!!<?_iP,""»~:t:P •• 

Cartainonoma.lies have been reported in the 
metabolism of aceta.to and p;yruwto in thorn"t bro .. in 
An.li:!iEs', thOl\gb theseaubatanoes are der1vocl from 
gl"uooae. mId it is ol~lusive11 by conversion t~o them 
thntgl711cose :to orldtsod ( ViUeeand lJOrinSt'19(1). 
Beloff-Ohtl!n et sl. (1%2) found that th.omotabolic 
pattern of radioact:1:v() ncetatee.nd. wru'Tnte in rat 
oortex slloes d;tt.fe:ced. from that of glucose. Oremer 
(1967) found. a sittdlar d1f£erenee and a.ttributed it to 
the ~ompart~el1tt\lteation o£avaUable ril\JJHt giving en 
apparentl;y differen'b metabOlio pattern \lith substlHlte 
pymlvate,and substrata glucose ~lhieh gives rise to 
endof3:0noua l)ym1vate. llbadom 'and k1eholetiald (1962) 
found that the aotiive tranaport of emL'lOacids .~.J1P...pa 
supported. b;y pymtve.te \"lllsnot aena1t1w to inhibitors 
~lMch blooked glueoao.-supported trans!)()vt ,poswg'tba 
question Of the 100o.t:10n of A'J!P £ormation and , 
availability :L.'l tho COil .• also posod by Bala.zs, Hagyor 
and 'nicbtor (19(54) 011(1 b,- \~lael.soh (1962~}\'1hO points out 
that the cont~l of the passage of A'1JP trom th~ 
mitochondria "lbore it is made, to the othe~ po.rtaof the 
cell, and of 1\])1' back, tlUl in effeot control the entire 
metabolism of the cell. ao regards reaotiol".G that r(;)q~e 
l~ID1). for instanoo. glutamine s;yDtboais £rom e;lutamo.t0, 



the 1')ho$pbot';ylat1oIl of glucose. Lot1JVY and passonaau 
(1964) have ·studiecltho relationship bet\~!eensubstrates 
ontl01.1zymea of gluc}olysis in brain, Cl.lld have oho\.;ed that 
several enzymes arc sous.1.tive to l\t]1P or ADP. One can aee 
110't1 "l;lle pr!osance O!~ levels ofoithar o£ theso in u cellular 
compartmont may 1n:bib~~toraid matabolic transformc.ttions 
in that eomptlt't11lent alonG, and differently tootbel1 
compnrt12lonta.In fact Lot.,TrY (1~~) bolieves that tho 
uniquG p:z:opezttics o£ the brain mrxs not lie eo Iiluohin :tts 
different bioohemioal prope~tiea but in the unique 
organisation or the same propct'ties possessed by othot' 
tissues. 

~r:ISf.3lfg • 
....-.~ 

Levels. in Hammalian brain. 
~ ........ m ., .••• II'._._~~~,~ 

Some aminoac:i.d.s ha.ve aconcentr!~tion in mal1nno.lian 
brain lrJbieb is higher~ho.n .. rtl.l"3 otbor o:vgun. T"ilGfJe o.ro 
tho non-assential amirJo aoids. t'1hich ara connectod. tdotb 
the citrio' Gcid cyclet namaJ.:y ~Ulpnttta~o, glutamine, G!&, 
£lIla. eSI>Gcio.Uy gltltamate ( \'jt\olooh 1962.b~) 0 Roberta (1963, 
19{54-) pointa out that GABA is only fourW, in nG~vous 
tissue. but that 50ct ooeursva:ay \vidoly among vertebrates 
end. :tJive~tebrates~ eu.cb spoOies Uitso hao itfS Olm 

pv.rt1oular pattG1'n of' nirlbydrin roaotive constituents. 
Tallan (1962) in u. sa.~ of tho emino acid oontent of: 
veri1ebrato nerVOUfl tissne, llOin'ts Ol.lt that glutamate haa 
the highest coneelltt:a:bion of cm:g ot;hor amino o.cg .. d in 
vertabIto.tea o.s Om>edad to invertebrata nervous systems. 
t111ere taurine or aspartato is -the tJIost abund~t. Table 1 
sh0l1S the levels os: aminotloida in rat brain. blood and 



bx:ain 
liver 
plunma 
l~lcdone 
~_a. * •• '_.,.. 

optic 1(:;1;0 11.0 
vc;ctical 1... 10.n 
C iI. Vult~o.ris 
~~~._tk:a,"j"""""'" 

Bantlo (2) 

l1i-11i.G:!2:U9.l1J11 
\:111010 (3) 2.0 

~.Y£ 
1:1ho10 (J.l~) 15 
Lobntor ' .... .- .... =,...,... 

He:CVG (5) 

Bea _ ..... 

B:c 0. ill (G :) 50 

(1)- OtlJ:VOl', 1965 

2.6 
1.0 

£3 

5 .. 0 
2.0 

0.8 
2.5 
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liver, as \'tell asthoso in cO.me invcrtiobrnte bodiez and 
ner'votw nysteme. 
1~ilsioloz.lcnl actj.on. ofc..mino aci<.ts onmt;.mt1al~.D.n 

........ 'PI _:-1' .... '0' ,tit ~l ........... ~ ......... ~~...,. ".It"'" 'q •• '" 1_.,*, ............ 
nervous tissue • 
... • .. • •.• , ... ,. " .... r. 1 r 

tl1lo~::s nro a. groat nttmbor. of chemical substances 
t·;hl.ch are knOt'nl to mcc11ato syn.nptio tranSmiO[1ion 111 
vortol)17uto antl inve:r.t~ebrcte norvOtls OystCLt~; some oi~ 

theso ore krioHn tooperato o.asynD.ptic tI·, .... ncmitters 
in vivo ... a.Nt• c.cot~t:lcbolino ( I1abb t:'.ntl Krll-lovie.19(2) 
....... I ... ", 0 f.l' tJ '" 

a'ld. catccboleJUines ( ,ron, L"'tller, 1962). others uro 
sur.~I>octocl of boing transmitters but tl:u~r{~ :tn no conolusive 
evidenco for 1.ibeir ol~ratioll in .. ' ,\1..10. The sittl$~tion i!~ 

- ~ ' •• , --II' 

p:ttobo.bly· ouch morc) cc.n:Jpls,:, !tn iihat. soverc~ trDtlcmitte.rs 
may operata oimul·t~anootw131 thoUGh oach nouron cOn"taulS 
onl .. ;y- one -i;;!'ans11litiiC.r, (Cregg, 1968). ~:he acidic amino 
acids Sltl'lintlsto an~l aG~(,rttltG have such a 1)osa1ble role • 

.tlt this -otago!, it· is tlceosocu:y to give a E1implifiod 
e.ecount of the rac;(!htm.1em of' new:.tol transmission, iihoUSh 
the subject is do!}cr:1bcd by Katz (1966) l~"J1011b othora. 
All norve ceUs ShO~1 .r;~ reoting l')otentio.l 0:17 60 to'?O mV. 
tho inoi(10 Of the cell bc:i..rlf£ nOGativG t~Jii;h I'eslJect to tho 
outnide. ~l:do is due to a higbe:c lovel or i.ntOl:ltnl 
ljQto.ar31um and o,cto;cnal sodium, k(;)l}i; as ouch bil 0. process 
kllO\"tn as tho sod:tum pump uhich is energy dcpend.ent. 
The co"cion of el:citator;{ substcJlcOS !i.e t;o re""rorso this 
1101arity by cuus5.J:.1g a. temllOra:ry ult;o:t;r,d;ion o;r'? t;he 
mamb~ancto permc£l'bUity to tlodium '\'thioh enters. ~0his 

locttl rovo~sa1 of ~;he fJolar:tse.tion Of 1;be coll m.embrane 
is conduotetl 0 .. 0\'121 the nervo aj~on o.s an e .. ctio1l. rJOtont1el. 
On reaching the encl of tho rucOUt it is transmitted tp 
anothor norve collor to a muscle and-plate, by causins 



the release Of a ehemlcalacrosa the synapse, ";hich 
:1ntt!a.tes a fl?csh waVoof dopolo.rlsation. The action 

. of so-ca.lled 1nbit)itOt7 transmitters is to lnhibit 
the transmission e~ct'oss a ssnnpS£J or nerve-muscle 
~unctlont b7 oaua!n{J the resting potential to becomo 
more negative. tht'tS count~racting its reversal b7 
o2c:ltatoX7 transmitters. 

It tlQsnoted E:e.rUer that e;lu.tamat·Q and aspa.rtate 
caused depolaJ:1sat.!.on 1n mammalian cortical slicos 
ill ]llt.f;;~ ( Gibson & r~lcIl'Watn. 1965tBrad.f:ord& 
rj()n\~a1n, 19(6) and. tha.t this effect \'100 a1mUar to 
that Of an. electric pulse, ( 11cll.wa.!n, Ha1"'t1G7 and 
ROdriguez 19(9). Tbese nmtno acids havo also been 
found. to cause e?..e1tato~ ·depo1ar1a·at1011 1%1 aiS!, to 
cortS:cal surtaces f ( Y~ev1c and PhUls.s. 196;) ) 
spinal neurons. ( Ourtis ·and Hatkins, 1960 ) as 1'lel1 
as oxcised ap1na1 gangUa ( Nagata. Tokio and Tsukada. 
1966). oonverso,..y GAllA bas beon. found to cause 
hn>erpole.rlaatlon to ~ort!ca1ceUs ( Krn3eVic and 
PbUlis. 196:; ) and to. spinal calls ( curtis ond 
\<latktns, 1960 ).' GAM was flrst postulated as sa. 
inhibltoxw tranamittortlhen Bazemoro t Elliott and 
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FloroN' (1957) sbolfed. that it was present 1n an extract 
of lllammalianbl'ain, tlhloh 1nhlbltad the crayfish stretch 
roceptor muscle.· HO\1eve~t tlcLonnan (1958) found. that 
the oxVracts contninins th1s facto:tt dldnot contain 
GAllA, and snpposo<ltho.t the act1vsaubstanoe ~las split 
to GADA. Tho ev1(LonCe for GABA being o.n 1nhlbito%7 
transmitter is diocusood more rocently b7 K~ev1o and 
SCh\1GrZ (1966).; Herman, Davidoff and Aprison (1968) 
have roportod tha.t g1:Ycine ·alsobabavooG.s an inh1bito17 



~r~m1ttor ill tho GNllspaos of cat spinal neurons. 
curtis and\1atldJ:is. (1960) also ,found ~hat t~1.'trlne 
had anlnhibito~N affect on cat apinal' neurons. 
~!~l:.fJ. ofemit10. aSI~~a ... lp, Jp.vr~pbF~tp.s. _ 

TbeOccurrence Of tree wnino acids and theil' 
lovals :1.ninverteb~ate tlssue has been'reVielfl0d by 
AWo.para (1962) ant1.tbeir levels 1n tbe brains O:r m~ 
spacies by Tal~an (1962) and. Roberts (19Gll .. ). Table 71 
ShO\~lS the levels of soma free amino a.cids in the brain 
or otbor tlssuea of 1nverte~rates and mollUsos. as 
1:1011 as the rat, for comper!son. 

~o regards amino acid:l~volG In invertebrates, 
froe' amin()'llelda"~egenor~hisher . in tnve~tebrate 
than,vortabrnte tissue and. rapresent a ~iGh propOrtion 
of the non-prote1n nitrogen content of tIle tissUo, 

, .. . , 

( A\llo.para. 1962). !l.bat tbisis not ent~al~ dUG to a 
marineenvit'onment olone was demonstratod b7 Velankar '; 
and Govlndan (1958) t-iho abO\ifsd. that fishos contained ., . 

a.bout £lva times less aminO 11ttrogen than a Geloot1on 
.... '.' ...... A of marine invertebrates. Also, Duohnbeuu. Barlot.; 

OamS-an and lflovkln (1952) ShO\led that amino acid levels 
.in 1!k~1ne invortebrates \'Jsrehighor t~1n ralatod 
freshtlater species. 

simpson. 1~11en ~ and. Awapnra. (1959)sbot~10d. that Q 

fonturoof a \,llO.e l'ange of molluscs \+las that rivo amino 
acids which are connected to the oitric acid cycle, 
glutamate, aspartate, Gl1C:1ne. taur:tue nnd alanine 
have markedlybigher levels than tbo other amino acid.s. 
compat:ocl 't:J1th the rat organs otbott than tho brain, \'11'10110 

tho amine ·acMe be.VO 'f\ more evon diotr1but!on ( A~1t';lparat 

Landua and. FUorst, 1950). The;, eb.o~10a also tbat 



ta.ur~o ( « aminoathane sulphon£o acid ) 'faa ~und:at1t 
in mollusC~f .and. more in marine than freahtrlator forms. 
Its p%'eSence in the ()ctop~G bas lone beon knOtm ( Henze, 
1905). A~lapara (1962)auggeats tbt.: .. t· ita functtonia to 
balanoe the high cationic content' Of tbe tissue. the 
large amou.:nts 'of amlnoac!ds in marina invertebrates 
have been. suggested ,as oontrtbuting to the maintenance 
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of osmotic bnlt?..nee b~ zrlorktn (1966) and Ro'tia:r!tson (1964), ." . amonsothersl Duoha:beau, Fl~rk1n ~d Jouninux (1959) 
found that transferring salt tfatal' C:t-abs ton medium of 
saa watsr diluted "1;1 oausod a drop Of the levels of' 
aomeamino acids to halt the value. Longe (1963)" ~found 
thnt the eoncentne.tion of taurine in the mussel. (t'111ich 
can be asbigh a~ 49'6) \fms proport:lonal to the salinity 
of the madium. Negus (19("s) noted. that in the estuarine 
mollusc.· pennant. the alanine content alsO varled \'l1th 
the sal1n1t~. 9.:herefore the presenoeot h!.eh levols of 
froo tuninoacid,g ~.n murine invertebrates inelud1ng 
molluoes, in all t;he parts·. :1!1c:LUii.lngnervotW tissue, 
repreaGntanOh~(lctol1iatic adaptation of . the organism 
to the 1tlartne env$..ronment.,~:able 1 shO\'iS that in the 
rat brain. the gl'~tamllte lovel !a much hlghoX' than tbat 
of the liver andt~acle, but the amino actds of the 
optic lobe rind tllU mantle Of the octopus.~ are comparable 
!n level. ·Thus it ·1e bard ·to decide b0\1 tar the function 
of f~ee amino acids 1n the . octopUs brain isconnocted 
\11th malntnird.rlg ·ionic balance in the o.ntmal ass. trJhole, 
01'; as·in the rat brain, l/11th the unique motabolism 
of the bt'a!n~ 



rJ:GieJ.9.l.0€iipn1. Jlpt.io .. ll.Rt l~U!l.ipp • .2-o?-fla.,0p'j ~vort.o}Jpp.~p 
aO,ryp,",2 qp:tss~ft. 

11 Great doul of in"lootigo.tion haa becn oarrled out 
on· th~ lXlssible ro:la of gluta.f!1ai1e and Gl\BA a.s excitatory 
and !nh1bitotW tr'anamltters tn tl1e invertobrate.: brain, 
pnl'ticu1ar~ in the crustacea. but also in the molluscs. 
KerkUta...'ld. ~1alkar (1.966) not only summarise much of the 
evidenco to date, but a.tress the nacee.n:~ii.'7 to bear in 
mind the occurrencG. localisation, syntl1esis and 
bt·eakd.otm. Of these amino tloida a.s llall as their 
pb.a.rmaCOlogioo.1aotlon. \'lhenconslder~ them ·00 possible 
transmitters in a.particular org~m. 

'1:llara is good evid.ence for tho action or glutamate 
as an oxcitatorg transmitter at the nauromusculOJ1 
~U1lctlon of t~ecrayflsb. Takeuohi and Takeuchi (1964) 
showed that iontophoretic application of' glutamate caused 
contraction of tho cr~flah muscle. but only if applied 
totbe reGion of tbo nouromuscular ;junction, the rest ,ot 
thotIluscle beingtnsonsltiveto this effect. I~()rltUt, 

Leake, Shap!rta, cowan and. \va1ker (1965) abOl-ted. oonolusively 
that glutrunate tIes the tr~mitte~ l!! YJeIS, t'lhen the7 
perfUsed tbe neuromusculcu;\lunct1on of" crab. (as ~lell as 
snail anc1 oockroaoh) wbUe electrically stimu1at~ the 
nerve, end. found that a ~dr:i.n-pot:lttlve substanoe was 
released into the perfusate, in quantities pt'opol1tlonal 
to the amount of stimulation, \'ihich tbeF identified as 
glutamate. 

Gersohenfold and I.n~ansq (1964) showed that glutamate 
caused G}:citatorr depelar1satlon in tho central neurons of 
theonailt Kerkut at al. (1965) neabovo, demonstra.ted 
the role of gluta.m.a.te as neuromusoular transmitter. 



lJ.1hera is a ~ood. tlenlo:f evidence, Gumm~r1sed by 
~ ~Ia61]) 

Hall and Kravi\iZ; ~tl the ttOle of GADA as inh1bitory 
transmitter Li the lobster nel.'tvous system, .A,ll the 
onz:rJ1ea noc0ssary for tho £orm€:tt;ion and orldation or G.mA 

are nctiv""e. Also, the inhibitory nol'VS fibres conta.in 
100 times the GADA levels of the £xcitator~ fibres. 
1JW,:tthcl'!. Iversen & l~raV1tz (1966) ahOitled thnt G/iDA is 
spocifice~ly tak~n, up by tho lobster stretch receptor " 
CL..Tld thiSt1Qul<.i rez;·resent a posoi-ole mochanism for the 
inactivation of the tl:ansmittGr. Pinally, Otsulta, 
Ivorson, Hull and f--ravitz(1966) sho'tiled that GA:B:1 ~s 
re' .. oased by lobsternorve'-muscle preparations during the 
stimula.tion of Inb.ib1to~ n)IOnEJ ( oompare ,1{Ol'kUt at 01. 
1965). 

As rogard£) otb.er orustacea, ~llkeuohi and Takeuchi 
(1%!5) demonstrated that GABA dnpl:LCfrted ljhoo.otionOf 
inhibitory transmittor.a at the crayfish neuromuscular 
junction. r~ecentJ.y. KerkUt. Pitman and ualker (1969) 
flemonstrutad this also in tho central. norvous system of 
the coclwoacb. Thore aprJGors to be howovo:c no ovictonoo 
for such a roleOi~ G1J31i 1n molluscs. 

systems :tor 1iho si/llthaois and breakdot,m. of Blutamate 
and Gl'J3P. have beOtl <lonerS-bed 1n most of the CBses\':here 
tl1.t3s0 amino aoids appear to be in ovidence as transmittors. 
Kravitz (1962) denorS-bos such systems gor G .. ilBA and 
gluto"mate in the lobster nervous system. In molluscs, ': 
in genoral tho enu1lllss of ,glutamate metabolism boV'e been' 
GxtcnsivelJ d:tseuused by Godda.a..~ und r~artin (196G) t nnd 

'havo beon domoMt:,ated. !L'l the braine of caphalo}.;'Ods 
/ 

llloladi..'lg the ootopus bV I}rUkker ,end Sohade (1964·) end 
Pascoe and. [3ehad~ (1976). KCrlt.1lt, Shapiro. & tlulker (1967) 
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demonstrated m~st oloe;antlythat in -theanaU, glutamato, 
0o.rlier shol!1!l to be released. at tho nauromusculal.' 
cjunc't!on, was s3lll~nosiaod from glucose or alanine in 
thebl'ain, and moved. from the brain to the nGuromuscul~ 
aunct1on. 

Roberts (1g6a) 0110\190. that in fl ''lido range of 
, animal spocies, GABl~ levels are rolated. directly to thQ 
not1Vi~ot GiU). -the enz3llt0 form'1ngGABA from Blutamate. 
nO~10vor, Roberts o~d simonsen (1962) found that octopus 
bratft contained very low levels of GABA end GAD 
aetf:vity., So it l'lould. seem that uhUe thore i.s a gOod 
coso for glutamate be1ng an excitator:; transmittal' in 
eomo parts of 'moll.uscan nervous systems, there appears 
to bo no G'tricl.enea for GAB! as an 1tlh:1.bltolW transmitter, 
"rhUs in the erustHlcen and. the insect, there is good 
evidence for both" 

E'XPJ3RlMEr~s PEPJ)'OHt1ED • ... ___ .... "'.'''11,11.'' at ... (tid •• .• 1 u 

The qUGstion llS to l1here to start comparint~ the 
btoohomistry Of the octopus and rat brain posed a 
formidable probls1tl, aincethere tIers not only several 
biochomical aspects of 111teraat, but also sevoral 
t"YPOs of cellular preparatlona to uso for st'Ud:;. 

SmeG tho previous sections hnve Dbotm that 
gl~coae ana its de~lvatlves ara interesting and 
!l.mportant metabolites in tho bra.ln. it\,las decided to 
st1Jll.:Y tho metabolism of glucose and amino aclds .1p, 
Jti.,trq, after Boloff-Chain et al, (19550.). as \1011 as 
use homogonates to s1it\d7 aotivities of enz~ea 
involved in some interconvel'sions ot the amino acids, 

/ . . . .... '. . . . . . ... ' 

after Balazs, Dab), ~d Harwood (1966), and to bogin 



to investigate the metabolism in vivo of gluta.rr.ulte 
........... 1 ..... 

in tbo octopus brain. since tbis yielded suob, 
interesting resulto tor tho rat brain from 13e1'l at a1t 

(1961). 

As ~tatodat the beginning Of this chaptor, tt10 

parte ot the octopus brain \'101'0 comparod. t1ith each otbel' 
and. the rat b~a1n. and they comprised tt'10 parts, Of 
the visual lOtlrninr; system. It must be emphasised that 
the rat cortex slice hot'1Gver contains elements 
n.Df.1oo1ntod t':llth all tho senses, and contains different 
types ot. nourons depending on 'Vlhethor it is the first 
or tbe second slice entfromeaeb particular bemisPhere. 
nut sincothaopt1c ctnd vertical lobe slices arc out 
nasitally to '(iho lobo. each slice "lUi have a simUar 
rnngo of cell t;y'l)()s. 

:t."'-no follc'~11ng is a summary Of the e>=l)()rimants 
performod on rat oortox and optic and vertical lobo 
tissue. thE) rosul.ts ot \'lhicb are given in Chapters 3 
and 4, and d.:tsou£~sec1 in, Chaptol" 5. 
1) Tho detorm1n~tti<?n of tbo content of free aminO 
acida, proteins ~tnd nucleiC acid in tho throe tissues, 
thela.st to ostUUlto relative coll sizes and to try to 
assess tbe numbe!~ of glia in the ootopus brain., 
2) The inoubationo£ sl:1oao tlith radioactive glucose, 
glutamate, allln1no to detormine tbeit' incorporation 
into products !q X1tEJ;l,Olld the specifio act:Lvitios and 
levclso£ trOG aoinoacids ofter incubation: ala 0 to 
ascertain the et.1?ect on these values, by Qtlcling non­
labelled glucose to the amino acids as sUbstrates. 
;;) TIl.a testing o£ootopus brain sliceD for notive uptako 
of oertain amino aclds, prosumed to be involved in ito 
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meta.bolism, for coups-rison with tho rat b:aainl e;lutatlate, 
glutamine, alanine and GJLBf1. 

4) The usa of homogonatoa to st-udU the actiV'ltiea of . 
the e11z3%Ilca :!nvolvod ill amino acld ayntheaia and 
intorconveraiona. 
5) The :l.njection of U'140 glutamato .into the octopus 
brain to dotarmiD.e.tbe apec1f:Lc activities of' tho free 
amino -acids in tbe optic ctnd vertical lobo at difforont _ 
times after IdllinB. 
6) 'Furtber incuba.tions 4nvltro o£ rat cortex slices 1l ..:=:... n ,,.. 

~lith U ~c rqruvnteol' aluntno, to try to clarify the 
apparent anomal~eG of mfruvate metabolism in the rat 
bruil'); described earlier, and \1:1 .. tb l-nhoUed alanin.o in 
the presonoe of competltive inhibitor a of cit--r:Lc acid 
cycle intermediatos,. to ascertain t'lhethor pyruvate or 
alanine 0011 be convet'ted to amino acids connactOd \rlith 
the citv10 ncid cycle. glutamate, glntam!ne or Gt..B..t\, 
tlithout ontX7 into the oltr10 acid o,",ole via Aoetyl 
Coenzyme A. Unfortunately, luck ()~ animals at tho timo 
prevonted tbese potentially very interesting oJ:porimonts 
from being oarried out on the octopus. 

It is understood. that tbesoopa of these OA1.lCr3.mOnts 
is severely limited; tho observed metabQlism will be 
that of a vlidevarloty oreall types in tho rat and tho 
octopus. 1t180t a.s It'egard.atheoctopus brain. l~lot'lledge 
of the gross bioQhemist~t as contributod in the case ot 
mrunmal:i.an brain by B:1.m\'l1ob. Gaiger and I"lcIl\:;atn, is laolting, 
and no such studies lle.ve been performed here. Tho 
imnlications and limitations of those that have been _. -

performod \'1111 be disoussed in Chap'bor 5. 



Fu.XPFJi.a:rlEllTALfmTHODS. 
t I ." • ,. 

Three main clasoosot'e):po:r.imellt t..rera carried. out 
as. £0110\'1131 ' 

3-.;. !1!ho incubation '0£ octopus optic and. vertical lebeo 
e~nd rat ,cortel: sl'iees in Vitro.,', 'VJith,vUl'Jioussubatrtitos 

....... ·''1It''·· 
tUlivcrsa11y labolled. ,Hi,;th . 'Carbon. ,Aftor inctlbnt1on. 
tho, slices and media l:lere treatccl in one of three ~l~St 
according' to' the, 'in,formation' r0quired.: 
a) Etb.a.'lol Gxtraotionol: the slice alonG; follo~ICd by 
tbe separntlo!lo£ motabolites in sl.ice . and m~(lium, 
using paperehromo.tograpby,.anc1 identification oithe 
o!~ta by autorad1ography, ·fol-lovled by DoanninB. for the 
quantitative determination of the eou.nts incorpOrated. 
into.products. 
b) Extrttotion o£ the slice t'lith trichloroaoetic acid 
tollOtfled. by radioa.ctive countinG of the oxtt'llCt and 
medium to toat uiltaltO of tbolabel1ed substra.te. 
0) Iao' .. at1on of frat: amino· uc1do and other intermediates 
from the p0ttchlor:ie acid extract of the slice. by meana 
ofcol1lI!lll andpalwr chromt\toGrapl~ t or by the usc of 
tho automati.c am~.no n.eia.anul~sert ,onei the determination 
of' tbespecificactivities'of those produotS. 
2. Datermil.'lation of the aotiv1ty of some or tlle ........ 
enzymes involved in the sy,nthesia and inter-conversions 
of tho amino o..cic1a in hOlUOgenates or ,,,ateorte!t, ana. 
optio and. vertienl lobes of octopus. 
a Injection of livo ootopus t'1ith U14C glutamato 
diroctl.;;f intotlln brain caVity, :(0110\100 'by killii"l!3 at 
difforent times, and extraction of the free amino acids 
from the optio wld vertical lobos, and determination of 
-their specific Q(}t:tv1t1os as. in 10. 
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R~n6~~t~. " 
.Radlo~cp.l:v9.p1D.:ti.Gt'ial:s. . U 140 n-gluooae. u 140 PyX'llVate t 
U1lJ1C r,.glutomatc. U,,2J:O z..-alanine and. 114C~D~lutamlc 
-acid tiGre obta1ried. trotlltbo, Radiochemical Centre, 
lunersham, Bucks.' U140, Lwglutain1ne and U140 GADA were 
from the 110w England Nuolear oorporation, Boston. I~la.ss. 
The U1lt·c glucose. glutamate and pyr~te were pur'!lfied~'bJ' 
streaking onto, paper and rurmlngin bUtanol-ncetlc 
acid-wa.ter ( 40,1112; b1 V1)1. ) £or 16 bOUrs. The 
radioactive sUbstance 'Was located b7 autora.dlograpb,y 
over Kodh'ex 'x Rl\i~ fUtA tor 2 to 4 hout's, the 'band. cut 
out and' eluted with ,water, and tbeeluate evo.PortltGdto 
dt':;nass and redissolved to. a a mall volume of d:LotUled 
t'1atar. Tbe'11oM iflas us1:lnl1y, over aor~t and depended on 
the ptm1~ of 'the substance. ,PYNvate and glutama.tein 
particular'tonded to be ,conta.ta1na.ted ~lith the~ 
decompositlonproducto. 
;enzasa pp~n!lmea "and nP!a~dc-~& Lactate ,delQ'dl1OgenaSG 
and A!CP trisodium'sal' \ii1eretrom,l3oebr,ingeJ.- e4 "Boe~e GmbH. 
I-lannhetm. ,\~. GermQD3,. ,Malate de~ogenaaet redUCed 

UAn. ADPtDl~ (2., 4tmGl'Ctlpto--propan-1-o1 ). 
glu.tathlon~ It.treducod form. ,g4utamo~droxamic aoid. 
and triton-X-100' tt~era ,from Si~ (London) Ohemical 
Company Ltd., '~ndon S .. Vl.6. Pyridoxal. Phoopbate \1as f%'Om' 
DDS L9.bOl'ator,Ohemieals Ltd, Poole, Dorset. .. 
JiGSins Zoocarb 22!) ,ROSin. (SRO 1?) in the sodium to%'Jl1 
\'las from Permutlt Ltd,. London. \tJ.14. It \1QS converted 
into the bJdrogen torm by alternate vlaabinga of' HOl and 
NH40Btbrougb30r40yoles. DOwOX AG x 10 (200 to 400 
mesh) was .from Biorad, Riohmond. oalif. This ~las tQken 
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throUgh SflVOl'al genoration 070106 \~1th alternate washings 
of B01, and naOH, then washed t11th \'JatoruntU tbe 
ltJBshings t1ere chloride .tree, f'1nell~ CO2 ~1as bubbled . 
through'for one bour to convert the resin to the carbonate 
f'orm. !lbe f:tnal uashing wss coneentrated and tested t:ltth 
nttnhydrin. All- resins \'1e~e ~lashed. \'11 th at lea.st itT bod 
volumes of distilled water before used. 
Hc~1?!1}.p.pion~_C~~.m"~pl~1 Hydroxide Qi: ri~amino, 
p-(d1!sobut~1-creBoxethoxyeth11)-dimeth:;1 benzyl,ammonium 
chloride. :ero, 2.~ ,d:i.phc1l31 oxa~olet end POPOF, 
1.4-bia-2';'( 4-metb;rl-5-pbenyloxazolyl)-benzene, \'Jere 
from Packard Inat7:ument Co. Inc •• Ill. 
AnimW.-
Tho ,rats used \11Sre adult male iii-stars (I rattus nor1l1csicuo') 
bred in this depnrtnlent.t1c1gb1ng bet\1een 100 and 200g 
each. They tlere killed by stunning on the back of tho bead 
~11th a blOt'!. their throats out to exsanguinate, and the 
brain removed. Exsanguination ",as found to be a better 
method than pulling the neck, as the latter in the hands 
of an 1nexporienoeB. PQrson !nvo.rit\b~ 7!os\llted in 
accumula.tion' of blood, around. theceroballum and cortex 
aurtnce. 

Wbe apociesofoetopus used. \~as eletionecirrhoaa 
'ttthiob is closely related to 9.c;t;S!Rus ,mGavi~; uhOSO 
Qna.to~ tlo.S described in aha-ptex.' 1. They aroalike 5..n 
appearance e:roopt that 1.1.1e,tiPQ2, has a s1n31n row of 
suckers on tho arDIS ,and. Rt ",uGarw. a. dOUble rOtf, and. 
both belong to tho or(le~;'; octOpOds., ,clas$: cephalopoda. 
phylum I1011usco.. Young (196~b) estimated that the opt 10 
lobos contained 6, mUlton neurons gaoh, the vertical 
lobe contained 25 ruUllon cells. \~1blch amounted to more 

" 



I 

!Xl I 

than 8016 ot the total. oellsin the supraoesophageal 
lobes. Of those. over 907~ are 'tmtier 5,ll in diamoter. 
It must be emphasised tliat during 0)tCision of tho 
vertical lobe forsl1ciris, some of the aubvart1cal and 
fttontal lobes \'1$1'& aomet1men· excised as t~1ell, but' from 
thofiguraaaboVS1 tho rosulting oontamination \t1ould bG 
e,:paetGd to be undOl! 10>~. 

~:lla nn:t.mals s'Llppl1od to us \'101'0 oaugbt off tho 
I)aVOn antl Oornvlall. coast. Eledone are in fa.ot .found in 

" • • .. t 1..1 III 

'-lntel'sall around 13ritain and in the Horth Sea. 'lbG7 
tEera caught in t:ct'~\11s by fisherman b:;1.s'ed in the port Of 

Br1~tbamt Dovon, and vIera placed'in tanks of sea wuteroD 
board. . On arrlva). in Drixbam thoy t-1ere transforred to a 
tanlc ulthc!retll.a1.iUle; cooled ooa. wato1'. on tbe premises 
of 0. local hotelier, r'1l'. Robo"t stephens, \Jlho placed. them 
in (1pooia111 desi6ftod plastio t~anaportara £ot' the journe7 
to Lol'ltlon. These t>10ra designed and built byf-tc., Graham 
r10ffatt in this nopartment but their description has not 
baon published. Who tubs were 2t high and 18*· \-lide. 
At tho be-sinning, the;, t'!o~e bal£-fUled tlitb sea t'latal' 
and the animal pu·o me the lids were kept on by moans of 
a metal' ring. The \'lholo\1aS placed into ala:ttB~ plastic 
containsX' 2i'ft aqttare by 2~ft. high, also eontaininrs a 
smallol~aon e~l1nd,er clamped. to the sido of the largor 
containor.. A small 11'Qbbet' tuba delivered ol;1gen at a 
slo1:1 ratc to the ar.dJnal throughout the tj()ume7 tbroUBh 
0. small hole in the ltd Of tho tub. ~lle square lid of 
the largor contalnel!t1Wl clamped dOt'm bzr means of screws 
ataach comer.' Lste~ tbea~atem \'las modified. to avoid 
tho largor conta.inor and the gao cylinder, and tbo ootopus 
1'1etS placed in a polytheQo bag1ns1de tbe tub" bo.1f-fiUed 

I 

I 



\llit1:l oooled. sea "letter, elld gassed. \rJith ol:ygon for the 
tiournay. On arrival at Paddingtol1 statlon thoy tIGre 

eolleetedimmediatoly ana placed ill a tank in thaanlmal 
hOUSE) in this Dopttrtment. The animal survived tho 
~ournGj" under 'those cond.itions for up to abe hours. 
the average time from Br1xhnm to tho laboratory, but 
if left in the trlUltJpor~e~s: longer tha,n that, theN \'lore 
likely to die fron Ovorhes.tlng and l~tek of o~an. 

Tbe 0 tanks in tho animal house \'1ere also built b1 
lilt. 110ftatt andconsi.atedof' a series o£plastlc tuba, 
each :;j by 2' by (!f, and e~h t/lith inlet and outlet ta.ps., 
Sea \1UtGI' from nr:,.,dlam \'Jsscooled by moans of a 
rofrigerntion unit to a to 10°0, and ciroulated through 
the tanks, and also th.7.7ough a gravel bed. and. e. <:01_ 
Of dio.tomaceouseurth. to removeimpurit1es. 1111 parts 
Of theoystem throUgh \'thieh the \'tator flowed were made 
Cf plastic. and pump pa~tG were canted with polyurothane 
paint to avoid cox-rosion. The arrangement \!laa su.ch that 
the tanka l'J'oro:tnparo.ll,el w~th each other, all fl11tns 
from and empt:Ying into the pipe syc3tomt \;1hioh contnlnod 
the t!lter bed and~ column in aerios. ~be watQ~ was kept 
to a stantlard denl3:itu bU t()Ppint~ Ul) tilith disttllea \1ater, 
C'Jld changed an of'l.cn as 'it became oloud:r. ql}).o an1ma1s 
could. surviwup tosoveral \1eeks in this system and t'lore 
fed on crabe. The tanka were covered with closely 
fitting plastio lids beld. down t1itbhalf e. dozen bricks 
\llhen occupied, s1ncocotopua are capable of sqneet'liDg 
through vCT!'8 small ga.ps. Tbe best time tor ~ecapt10ri 
Of' tho an!.m:?.J.s "1M the t~intero since eledone tend to die 
f 0 ...... '1 I .... 

Pin l'{arm wGcthor, in contrast to oS!. ~5a.I'&!, tolhosc 
habitat is the muoh 't'lamner oens. I.l'he elodona rocolved 

I_ I 'I .11 



in our laboratory varied :tn sizo. but \-Jsro usuG.l~ 
12" to 18ft in arm span, ~ neighed. around. 5OOg. 

1)1or 1,111ing. ono person beld the animal \1hUe 
theothor severed. bet\17EJon tbGe~os and the mantle 
'-11th a razor. ~ecuracy!La essential here as the 
brain 11es c1ust behind the e~eat and. is made aU 
the mora cl!rricul.t by the moV'ementof the ailimal. 
Fit!U1'o 7 shOt 'IS the dissection ()f the ootopus brain. 
Tho eyos \101.'BcUt· ~ut and the fatty tiasuaa removed. 
and the optic lot)GS sevored frQm their sta.lks .. 
Tho vert10cll lobo \'Zas l'eacbed b1 al'.clng across the 
cartilaginous oovering of the central brain until 
tho muoilage-filled cavity above the vertical lobe 
\;100 oxposed. Thon four vertical cuts '-lore made on(l 
the blook of ea.rtU~G containing tho Bupraoesophageal 
uaa cut out by.sllcing a.t; the 10ve1 Of the oesophagus. 
~be ve~tic,a1loba "tas ol .. aaned of muoUage and cartilage 
on a t'ltlX bl0clt. Optic lobes usually \:1oigbec1 around 
150 rot.:; each,' ver't;:lcal lobes around 70 mg. 

For enz~e asaays, RleAon~r optic and. vortical 
lObes t10re sent to us froz~n solld ±p. a Thermos flask· 
filled. t1!lth eolld. carbon diond,e. by courtosy of 
Dr. G. cottrell. GOott:T r1arino Lo.borato~i St. Andrew's. 

InctmATIONPROCE1)Urm 
., I I .fI' q I • • , J .. • 

f.!relWE.l?~I~pP. of. .. ~Fn1r.t,.pliceJ~. 
Prior to slicing some workers preebill incubation 

media and place tllS excised brains on ice •. In these 
experiments, this procedure \1OS avotded and the 
foUo\'11ng method. usedt eaoh animal t'las l~illed and the 
bra.in sliced, and allcGs 'fare placed into tlle incubation 
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Scalol'nbout actual oiza, for u larGO animal. 



medium in warburg vessela, attached to the manometers, 
and gnascd \1i~h o:xygen before killing the ne~tt animal. 
so that not more'than p minutes elapsed betweon excision 
of the brain and S.ts shaking in vitro under o'Mtgon. , __ • .. ' "'t/' , 

Tho rat brain was divided longitudinally, the 
cerebellum :ttemovaa. and the oortaxol.eoned of 'tlhito matte!' 
on a t-l0,.lt blook. 'lho oor't1cal ahell vIas place!l. pinl (top) 
surfaoe npt'1ard, on a. filter paper moistened w1th oalino. 
and' oliced. 't'dth a clGnn, ~ Staclte blade \~ith tile a1d 
or a i'10Il\.;ain gulaG, of ol~a.rance O.3mm. T\'10 slices of 
around 'l0mg oach. pi~ end subpial. \'10ra cut from each 
hemisphere and ~eighedaccurntoly on a torsion bnlanOG 
boforetranafar tC) a l1arb'U.t'g vessel. 

Octopus brain slices ~1ere lllad.c in the same tlUY, but 
three or four oma.l..lalices wero obtained from an optl0 
lobe, and. t1.vO from a vert'i.cal lobe. An important 
differenoe betweo2t octopus and rat brain slices 19 that 
the latter are cut tangontiall~tothe surface. 
nocessarily savariLng the a~ns. Octopus brain alices 
are cut a3sitGUy- to thcsurface. cells baing damaged. a.t; 

the cut end only, so the slices contained a oonsiderable 
number of intact lleu,x.ons and Ol:OilS. 

ltlc.ubnt\0!l, ,,po.l1n,~fl· 
The sllces \'1ez:'stransfettred to l1lll'b~g vessels :cor 

incubation. The lnostsuitable siza "las found to be 
thosa of capecit7eround 111'·ml. containing 2 to ;5 ml of 
snline. :;ml baing utJ(}d, £or tissue ,.;eights greater than 
100me. 'ihe centre t-lall contained a fUtolr lIaper \~lick 
moistened \'1ith ~irox:tde of hyamme to absorb CO2 : 
this solvent is miscible \1ith Drays scintillant elld 
1n strongly basic, 



Though there arc several saline in Uoo tli th rat 
bro.in slices, and, reasons for choosing and omitt~ 

certain iOns, (Bou.rltemld TO\'1or. 1966) only one 
modium tlJas used. tbroughout in these o::tperimcnts t a 
big;ll ·potasoiUln. cs.lei~rree, pllosphnte-buffGred 
saline simil~t1' to tba:li Of lUl!ott and ilonderoon (1948),. 
of the follo\\Ting COnilJOsltlonl 98mn r~aCl, 27m!'1 Kelt 
2.4mH r'1gS04' O.Smrl ItR2'P04 , 3.Smt"1 Nai1P04' pH 7.4. This 
,-xus the medium used by :Seloff-Chain at alt (1955a.). 
Rose (·19&..~) and Chain. Rose. I'las!. o.nd PQCChi(lri (1%9). 
tmd. \-UlS used. hOr6 for ease of com~~isOll \'lith those 
earlier do.taonr~x~ bl:'nin matnbolismin vitro. l?or the ---., '. .. , 

. octopus t the medit1mohosen 1tIaS that oriGinally used by 
Hoyle (195:5) but '5~ts tlordc composition is similar to 
octopus plas~~ (Robertson 1964) and to a higb calcium. 
tr.1s ... bu!'£ered.Jtrel)s sL\line, its composition 'being. 
Trig-Hel 26m!'l, IvaCJl 125mt-I. RGl 5mr1, r~so4 1.2mM, 
C&C12 !)mIl. 1,H 7.4 .. " illiamedium "las elso usod fOr! 

inoubrJ.tion o:tt sna!!t.l b:ca1n {ind looust brain in vitro 
....... .,.. I •• 

by Bradford, Chain, Oory and nose (1969), {:tnn Brad.ford 
foundtho.t it maiJltai.71ed pb~siolog5 .. cal conditions in 
giantsna:U. rieurolls (u.'lpublished rosults ). 

Substrates .\'tetto 1Omt1 in conoont:r.t\tion. TIle X'enson 
for th5 .. s choice., also uaod by noae (1968? ) and Chain et a1. 
(1%9) are disCUSGod in the next chapter. 5 ·to 10 
microCuries of l:'o.<lioQct!ve substrate t1D.S· generally used. 
per flask. 
~\pmR9r;aturfl. Rat 'brainslices were inouba.to(l at normal 
body temperature, 3i!O, btltt1l0 choice of a suitable 
tomperature for the octopus br~lin incubat'ions una 
difficult. sinco .~.ledone is cold-blood.ed, and has no fixed 



bOt\J. ternpej1fiin11'e. P1'el1m~ ,incubation ot 'octopus 
b~a1n was ca»t'le4out at 3fJ tllth'glucose as GubiltJrate. 
but a 10\1 and _=atl0 OX7sen upt.e was obta!fteu,and 
DO counts weH tncOl'PQl'ate4 mto subataacesothelU than 
~actate and @:02 ·tA contrt1$t to thes!.tuation when the 
lOwoXttemperattme of 25°0 waandopted.ThUt was used 

, b7Gb.1rett_.t~1., GiUditta MdGblretti (1958) tor 
lftcubationot petoS ,;v.ulmk tissue a:r.ltra- '1MW1 
tbis tlan ro1a.tlve1.Y hlah oODSlder1n5~~ed0S!! 1nhabit8 
'cold.erwatel'stban P .• t" , ~,'" - ... ls." .• . . ' ,lUlll 

lDcllba~&onJt&!e. ~o hours was chosen tor both animals, 
to 8110tl sufficient COUJltD to be tnoot'J)Orated into 
products, inithe octopus, 'WbosemetabOl!am tftlS much 
slower than the ~cdt's.However. Dot ever, Gubstrate 
used maifttainet\ a ltneai' oxn;en uptake over the two hours. 

The flaGkS WI~El attached b;y sprinGs to tho manometers, 
UBiDg ~ latlf):lin to sre~se tbe glass ~o!n.ts. PtlJ!e 
OX1Stlll was pa8ee4 t~hrougb the flasks in tbeahakar water 
bath Eor 10Jld.llUten,aa desCrl1>e4 b7 TJmbrelt, l3U.ft'1s tU:td 
Stautfel' (1964)..~Jb1a o11owB maxlmaleolutlonOf o~on 
111 the medl\Ullt·sufflctent not to be a llmttlttg factor 
tit rospi;tatioll' the sbaldl.1g of the bathe.tdad.Utusion 
ot flubattate and state kito the slice. After ga.so1r1s 
tho, flasks wore sen1e4 and· aUo\fod to ahake for two hours. 
The shaking of tho 8110$ in thesubatrnte-contu~ 
medium is eala b1 licXlwaln (1966) tobs analogous to 
tbe flow ot blood thrausb. the tissue aSvo..Ol;fSen 
uptake was measure<l manometr1cnl17 at 10 or 15 minute 
intorvals over tbe two hours. and calcUlated asdescr1bec1 
br Umbl'eit ot 0.1'. (1*).. .%l1each experiments. control 
tlask was run, con'ba!nlng the saline and radioa.ctlve 
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,substrate but nO$ltoo. %taer~edna thermobS1"ometol' 
and "zos treated" t6,entte~~ to":the, other tldJ3ka. ,In.' 
each ,run,. tlf:1SkS \ilth <lUterent Bubstrates, or ~if.taxrei1t; 
tissues ,"U)t-o mm ,In tr,ipl1cBte ,,·or quadrupl1cai;e., Ofttl if 
two d.itte~ent ttatl,j.oaotlve'substrates t1ara use4, ,in" o.n& 
f!Uft. one control f:laskt/DS ,run tor e~b.,,' 'Sqvttralauch 

,expetJiment$j wero .~ tot', eacbsUbst;rate or ,tissue., , 
, , 

0llANTIWATlVE, DETl]RMmA\cI2N ,OF ,rm:~, AOOL.1:TEs.' , 
, I ~ ~_ ; t .~... ... I....~. II •• _ .. •••• i J 1 ,F 

Exbract12nct !!'UC!S" unrlcounta sroeedUrs. 
_ilell "' " Nr ..... , _'_~t.Ii~ ... "~I •• 1, .,U~'~dJI' t'.11 'T4" ' 

The tUter" pGop,o%" tflokacontatrd.ng ,the 002 t10re 

't~ansferredto 'Gc!ntUlattoJlCOtmtlt.lGv1a!s" the 
oentr8wel1s tte»e t:e8h~ out tl:tr!ee titles ~11tbO.1 ml 
ot 'tInter and the l1a.sl?D1gs s4d~ to ,the vtals. 10m). Of 
sc!nt:Watlon nU.~ wa.o ,dea.,of C0111pOsltionslm13.n1t " 
to that o·f BrSJ' (1960). Naphthalene GOg, PPO 48. 
POPOV 0.28.1,.2, e·thailodiol 2Oml!, toluene 100 ~t , 
metbanol100 Ill,made up to 1 litre \11th' diOxatt. 

sc1ntl11atl0t1~otlllting' was Ca1'ried 'bUt in the 
Paokardox- ,BG~ 11quld scintUla.t1orJ. oOtDlte»., trhe 
,pr!nctp1&B ;o~ sc!ntUlattoJlcotU1tlr1g~e desoribod b;y 
B1rkS (1964)1 - wq s1mPl.!V, the f1' particlos emitted 
'b:! 14"iuYbOD' CJ.te·convertecl to tlasb~S ot l1ght b;1 the 

, l1qutil solvent s:ratem otthe solnt111ent in t1bicbtb,O 
radlonot1vttF .~ suopended" These flashos are convol!tGd 
ttl pulses, in the macbbe.end. are counted. Thesamplea 
tiGre usu.a111. oounted tor ten minutest ~r un~Uan u.ppOlt 
setltm!t otcOUtlts h,ai1. boon roached. ThaalslntegratloD.$ 
pet' m1hut$ !.n eaCh semple lfote ·estimatod b~ comparlson 
tlith a knotm standard '140 source.nowevol' cart. 
add.itives to the solvent O1stem.sucb asalkal.l Olt 



~1nGt oause ,qusll:ob£ng. the,tis, e.. reduotion of the 
etficlenC1 with l1h1ohd.isintG~ations are oonverted 
to aolntUlg.t~ona In thet1u14, GO that the ,time 1'adlo­
actl\~~ Of , tbe samp1e 1a undet*f)a t1mated.one of the 
maonsof estimattngtbJs is the ,cha:nne'lsratiOt tt 
is kno\imtbnt tb(:)(1;UGuchingagentaleo caunea the 
oUJ:'Ve, nwnbelW of pttrticles "'. enerlSt0t particles, to 
be shiftod. 'tbe "OJ4tontot tbe shift is 1nv()t'se1V 
PttOpovtlonal to the etticlenoJ' of eountltlg. and l$ 
ostimated by count'ng partules ottwc dUforentenerg'J 
l'tlngOS st.multaneoua1y~Tbe ratiO:ot the oo~tsin each 
is determinod" atld.thO, truoetf£oiono1 tound bN' 
compro,lson . wJ.th a £ltandatwd 01lt'V'8 ,(prel'ared ~litb a 
stanttard 140so1u.tf~oh, and. the sanw .,so!.n.t!l~ant) of 
ott!clef!,ot v. c~ols t'at?1o (the channels being the 
ouerew ~an3es()f tile pBl'tlclos).Analtemo.tlve method 
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of assessing etf1cf.enoy .ts thatot externnlstanclfJ.1td!satlOn. 
\'lbo"ea "standard SWl'1tt1a,..ra,: 'emlttlnsso1.tt,tCeis brought 
up ~a1nst tho sample and the pall' oounted. tor on' 
mlnuto.EttieiencfLos Usnn1~ agreed. ~i/botbe~ mea.sured b7 
thto9%' the, ohaM.ol0 vatto taGtbOtl, but the lo.ttol' methOd 
tUlsUSOdfor ealcu.\atlon.Counts were oxpressed .AD. 
absolute valu.osotdtsUit0Sl'at:tons pet! minute. 

~~ediat~1uatter ~emo~ of the tl1ter paper tllck 
trom'the~elltre 1.'1e.:Ll,the~lm. of tho vessel tlaS wiped 
~11tb n tierruemowtene4. 1'1:1th acetone to 2'Ol1lOvothe 
e;reas$. andtbe sliceremove.d torextra.ct1on b,. tbO 
method. of l'3alotf-Cllaill at al. (19.5!SHl). 'It was cat'efU11r 
l'emc~ved 1:11101$ bN meal'lS of a smaUopatula, wttsbedthree 
tSmea 1n three separa.te l?et'l'1 d1Shea cOtlta!ntngeloGll 
salino ,blott1rJG 1a between, and bOf1.togantsed by band in 
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a groundsla.os hOn1o~.:,eniser \11th 1,0 mlcold 6~ utbanol. . . , ~ " 

!Lbo bomogenate 1tlOB transtoJ1J!od to' a conicaleontJiltuse 
tube togotho'v 1Jl1~ two. 1 m1 washiDgs.chUled for 15, ,. 
minutes. and spun ~t 20()0 ~ ttnJ 1~' on the Intematicnal 
OGni;i'1fugel~e prpcipltate was waehed ~l1oe ~lith 1m1ot 
~?~ ethanol, then Ut1ice 1.111.,,11 1nJ1 Of \\fator, tbe combine4 
supomatants "fOro pooled in, unotMI: co~al ~O" and. 
ovaporatod. to ~oas at ~f" ona mult1sam~G BUohler 
ttotat*Uovaporatol'. mbe. slloo extract 1:1(18 MdtssQ~'Ved 

in 0.5 m1 ''iater ot1d kept d,s» frozen f01* obromntoBt'e.pb;., 
andnn aliquot of tho incUbation me41um lias also kept. 
~hoothat101-insOlUble' res!t1uo c~tatning pt'Oteln. l1p14, 
po11Se.Qcharide and nuclo1cao14. was t'lasbada .~the:r 
three t~ea with ,w~ter.tb.e washings nowbc1ng d1scarded, 
and disaolvedat OOQc 1nO.2 ml b1OlUin0t then 'ttasbed 
into a counting vial with,' Bl'll3'S Sc1ntUlant. 
Obromatosra. •.. ~a9S_. 
,lilt ' .iI' .' Ill .. qp, .,. f.e_~:, 

Bldtmonsional cbrOmnt~Bl'a~ for tho detect1oJlot 
amino acids, sUGars and 1ntOJJmed1atea t~IUS carriod out 
us3n€; the methOd ot DQloft~ at ·a1. (1955b)., A 
total sample Of 2OjUlot each sample -of medium and SO)U1 
ot ea.OhsampleotelCtract llSs spotted onto·one comettot 
0. sheetot \ibatmatl no. 1· f'Ute~ paper, 'tbe paper ~las 
46 em bU sa om, .and. 'ftiS ~a.'lith two mrars1ns ~Uthe 
\ia;srounil. 100m axld 70m frOm tho edse. 1b.e .samples werE) 
spOt·ted at one DfthG intorsections of the irmox- aaJ!g1nS, 
and thQ papers toj.dedto~ placiDg onto tho solvent­
conttlir11r1g trough alOng one Of tho ,outer: maI'g!ns next to 
theapot.~ JU1was spOtted at a t1meustng anAgln 
m!o~ometer S~)., and aUowedto d~ in astreBlB ot 
-cold all' tram n' hah'drzror befo~e appl~s the next spot. 



I, 

The paperBt1ere twtm fir$t intbc "solwntsGc Butanol. " 
f~I'tn1c aold-\flater (7511;;11.7, ~~ vol.) f01'1~ to 18 
ho~stthen dried in B stream ,of COld e.lr,ond run 

, , 

in theperpend:tetO.ar tl~ection !n phenol~~ate~ 0,8S 
ammonin(80,2011. by,vol,.)tol' 1.8 to 20houra. 

Lactnt& \'1ua itIola.tell,aeparntel(1.,by .~ohod1monGiona1 
cbr011lQtoer'a.~." !>sattlPle., .Of' e. to~alof 20 tU1.(f~Oh 
\fort) , apottedalotJ,g tholnn,or oors1nottheD~e ~ 
otpaper as 'abowf' ~(1:ru:D. 'overn$.sht: in the solvent 
nnutanol-.acettc ncta .. t1ater (4011112;;,' 'by' 'Y'()l,) Betor(:j' 
d~, the ':pe;per!l tt,re hung !n ell atmosphere :ot attnnOl1ia 
vapo'llrfor ,5,mmutes, totixthe labUe laetate.'" 

All Ch1'Cnnato~amswero: ,dried in astroam of cold 
air (tt~ a.ir caUlJod lJb&nol-soaked papers to cal1apae), " 
and placedonKo6!~%'ez X nay tUm tor 3 'to 5 daNS, theu 
developed, to locnte tberadioactlYe spot~i and. to, keep 
n ree,ora of tho elU:-OlnntOE?:.r.em.. , 

The pap;}rs trtel!O seanned. by a s1atem tlrst described 
by Frank, C~a!n g~ pocchiBrl (1,959), mod!flod and bUUt 
in thts depal'tmenfJ by fir. 'A.B. %!Owe, and dosct'ibod 1ft 
detail bYLOtfe. (1969)., Bt'ieflj", the papers 81'0 beld. 
closely ru1d. vertical].,- in f~ont of a gns nOll! counter, 
'WhiCh tlutOfllAtlcaU,. moves along the paper horizont~ 
in steps of 0.4", then one step dcn'ltl. end. nsntrl 
horbonta11:lt untf:l. tllG :entiro area bt pa..!l8r bas 'been 
scanned.. The timo for \~lh1cb t)flCb e..rea !Beounted ,tna.7 
,bo se,t £rom10 to 900 seconds GccordhtgtIO hOw bGa~ 
the papaX" is 100000. tll:1thrsdtoaotivit7f Tho results 
\t1~rG l'ec'orned as vunchedholee in a tape, whioh. ,atter 
pl'OC8es!ng tbrougll th~oOf1lVute"t ",tere convet'teii iuto 
oounts. A pr!nt out was obtained SbOt1!ng the numbeJ:S 



of' counts inoacb spot. AU chromo.toerums i'10ro 

opOtted in duplica~:e ,and \11th t~1s aystcuu" nsre~)]netd~ 

bOt\10Cn, the values of 1~be 'counts ~1a.!;J\fitll~5~.. The 
countn in eacb PI'oo.UGt ""lere ·oxpraased.ns··n· frncti011 
of tho total ~oo~.nt!j in tbo.· radioactive nubstl~tlte. in 
the cont~ol flas.k·fIi ,A tnnnUpo~t1on. of.thel'oQ;s'oo.ct1ve:· 
ou"strat() t'laa ~so counted inths liquidscint:111at1on 
countet', ,to Obtain annbs0l:ute ,value of cl.isitltegrc .. t1ons 
.pel'.~1n\~te·., Also; ,the sums ot. the ooun.ts recoverod. Ul 
ttlS ol1,l?omatogramo "lS~a \'lithit110S~o~ the count~ .1n 
the . SUb~,trnteot tllocont:rol flask ehromatogro.:ms. 
~p.ttRrmi!!a!ft.gn. nof , .sJ>CRl:t!o~ ~~t . t os •. 

lntbese e~tpel~~nta. 002' amino aoids , and.· non. 
amino a.oid metabOlitGaa\1ch"~' SlUdOGO, .pyr\111'atfl and " 
lactate, 'wore ~epru1nted .tromes.Chotbet- in bulk ·bojfore 
isolation ~~ papGtt, chromtttogra.phr.. 1nougb. . t~ere IS) a i'. 

method. . fo~tha doturminat'1.tm." o.f002 spocinoacti vttt. 
preoipitation \11th Bas-tum .• rolddo. plo.nehettSngtho· 
proe1plta~e.· \tlelgh!1D(to.n4.countillg!.t, (sellinger, 
Oat;a.D~ru;;tc.Oha:1D..~' POcoh~!t, 1%2), ,~bG smr:>l.mts·,of .:., 
002 prOd.uced ,~ ~bo. octa:PUSbx-ain ~rom the rttd!OtlQtlve 
substrates usad hel!'e~Jl:(fretoosmall' 'to be. messw:ed 
sra~tricnU1'. .~ril.0 fol_ow1ne; attempt 'tJas~ndQ to 
lneOS't,l1*G carbon d!.O!d.d.e t, C02\'laB collected. Sn4f1, NeOll 

.,'. ' . .... , ~ , . 

inthQ .cent'11G ~lOU of tbt; ~larbUrS '.teasel., ,made up to., 
5ml with !res~, .boUed.· (COafref)) .dlstUled~lat~r G11~ 
titrated \1ith O.1M. BOl . ua1nS methyl Or'1ll180 ,Q.stndiaa1lol'. 
tt\'ltW also titrated "lith. BOI ,nttev f:lddip!onOf i1 ml of 
O.1frl BaOl,2 (e~"Ceso) to p:r:oc3.p1tat,athaea.tt",onnte,~ using, 
phenolpbthale:1ii as .In.d1cator tb!~t:1me •.. TheclUfol'Qnoe 
bot,"t10enthase mlO t!:bres re'I4'e~anted the'carbonate . 
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( VO~!t 1~ J. III ~tqUot of the NaGg 11~a2ao3 
solutlon \'laS 'takell forcounttng., Though the counts 
were reproducible, the tit~ati()n values \1Gre low arid 

, $vl~nt1et so the dei;e:cm1no.tiOl1· of tho apeciflcact:tv:l;L7 
of C~2 1!!laa. abandonEd, 

Slices end nlGdj.a. \iorof3xtr-a.cted togethel' using,' tho 
'method Ofl3al~est 'Ilnhl and Harwood' '(1%0) as'modified 

, by Rose (1968).' Tilo flaslt contonto \-IOre poUred int~' 
ground glass ilon1ogEmisst's togethol* tvlth two 1ml \:UlteJ1 

"Ulflb:tngs,' and 'r"er'cbloX'ioacld': (l?OA)aaded t~'a' final. 
strength Of o.~ to 1[-1. 'Th(f honlOganate \rlas.cbilled. tOI:' 

1~m:1nutes, 'transf<lt're(l,tQ 'pyrex~est tubes and. spun ,aO 
2000 rpm for '15 minutes in the Illtc1i:natl.onal rGtr1se~ateU 
centrifugo at 5°0. '~o Dupernatants '{iere pOuved'into 
cooled 100ml'bGnk<)~1at the. pvaeipltatea ;l'ltlahGd l::Jlth'10$1 
or 0.211< PeA ,allr1 tho \{QShinssood.(;ld to the 'bookers. . ~e 
G}ttraets t-loroneu'blJalltJed, lii th111; KOlltQ, pB 6.5 to 7,0 
on tho vH natal'.. and uaing a.magneticErt-1rre~t, perchloX'a.te 
ions wercpreeipltutGd. durinG MU:t;l'i:tli.sG.tion~ Atthls 
stage. oxtracts oou1d. be lett in tI1G deep 'frue~e 'until 
01'lromo.tog±tapb3. The proelpltntas 'Vl~re 'Vlaaheda l"Urtber 
three 'times with O .. 2i"1 POA, dis.ao·l:tlod in hyamino and 
counted, or :ttL 1H lfaon,at 7060, U p:t:otein oo·t!m.atlon 

. was to be dono Ob i;he pallet. 
£o~~ ,,9,.n.~ !;aFe~,p!ll*p.m~tpSla._~ 

Chromatography tfttS caz'riGd OU.t 1n. three DtagGs.' 
ti'llG first, tosopalJate the ~~!no aeids from theoth<1t* 
tnetabolites; second.., to sOpal'ata the aoidiC 01' 
dleax,t"boxyllc amino aeid.s (glutwnate ami nspOl1tate) from 
the nsutrol oneo(nlanine. glutardneond GABA) ,I 'the thUU. 
to isolatG -them inatvid.U,l;lJ.l3'. The oxtract l~as pouretl' 



through anutGdfUte~ pnpe2:011to El oo~lumnot2eDo$rb 
t'osin An the acid tom (FO~ description oft.he ream 
tlIld· its "e~enet.'ats.on,SGe ~be Rengantaect10n at tho 
bog1tlntng olt* chapter>. A 100m lOll$thot resirl 
,on a column of 1 ,em diameter was sutr1o!ont to bold up 

, ~'20 ,u.t-lOloDOf omlao aclil. \~lbea 1Omt'1 slutamatl.or 
alarWte' Wad sllbotl'ate, a '200m length uas used. tlhe. 
nOn-tudfto so14 Sntermedlo.tesw8#G \~:ashed tbroUSh \'11t1) 
, bed volttmtJB of dlatWe4 ~atel' and collected.' 'l'l1e' 
eluato \tao neutraliaed Gnthe .pHmet(t". an aliquot 
counted, andc pgrtAonof til vas ooncont1:a.t~d CJn.the 
"ot~~ eWtpOz-atott tor eotlmatlonot laotai;e andgluooe& 
(seelatox-,), mbQ a.mtno aolds Wlrt) eluted \tIlth ~ bed 
volumos of 1ft ammcniaeolutlon ltlto SOOm1 ",una­
bottomed fleDltG. c.ndovaJ}Osratod to ~ess a.tooOoon 
.0.. xwot_ :evapOl'atclf, Glutommeis liable to decompose 
abOW thh tempe,trturo.. lJ!1eoluate was redissolved 
in ;m1 water, a small portion taken to" countir.lg. 
ondtbe ~ost pa#sed _ouahaeoltmllof Dove" t'ostn 1n 
tbe carbona.te ~mn. alnce tbe .eain is, ver-gfine. and 
now th1'ougb. ~t Ul vaqalow, 1t was l1ecesstlr1 to 
toroe tbel$qui4 tlU10ugb btusiDS • O:f nitt'06Gtt at 
'SlbpJ:asstme.Fol~ th!Lspul'pGse a acattold_ ~os set 
upcornl>~lsJ.nga s]LasetnE.tr1tfo14 linked to tho SeD 
o;Vllndel'·E1#dcomlocted 1>7 qulOkflttnpa to the columna, 
tntlblt)h et/.G%tra side 8$' had been tttte4 to ,allOW 
intrcduction ,of ljlQ.ui4 l'tithOl1t UittorNJ>tlUgtha 13M 
110w. 5he· "I1tlUtta:t ntUtto' ~ael4swe7!e w8$11$4 through wlth 
:; b04 volumes ot'uater.and the actA.icones '-lith '~bQ4 
volumeeot 1MS01.\I,iben the acld was added itWaB 
llecessalWto 4nc~aseth' .t.d.!t pttoSStlttGslightl:v B$1~ 



bUbbles Of 00 a' were' released. \'lbich tende4to btteokup 
the' resin, OoUect1ns -vess~ls < wave switched when the 
-solvent front, was 1t1 from; the bottom of thecolurm, 

,since sluttl.nl1c acid mms'wq close to tbe solvent 
front. 1'h9 acld1c and. neutt'a1 tl'£1otlons t/ere takQn to 

'; ~ess in' t"'Wo'st£lBGe, fuston tbe t*otart' evapOrator. 
tbon transferl'od \lUtUlbitatlvel1 to conical cent~Uuse 
t-u'bG& 'and taken t.O'.d»UAe8$ on tbe mul:li~ple J:ot~ 
evapOrator. '!LbO'ftmUO $ooids ·were ,'tSkon up' ill 0,5 :m1 

, . " 

of'~later fo~,clmC)matograpb7f aman pox-tlouS' Of ,these 
'\'1tro 'countoa., mabl.' 2 ahOwB tl1e '%focoveries 'of: the 
, counts in aU' the f~actlonsattercolumn 'cbrolnatogt'aph7·t. 
in rat "and' oc.topWl ,b2!aSn. with tbe. different t'adloactive 
sUbutratoa used. ' 

, papal- cbJ1Omatosrapb7 W$# on»rlQ(l .out monoalmOtlQionaU7. 
" ettttJattiftg 250 ftll ()f' tbeaztract ina baud "on the pape" 
.sh~()t as sbowah\ 1?1e;uJ1e a.Rae-'l' blade:ou'tsacparstre4 
thesampleS~l1om ' one, another and' made cuttirlsouteaa, 
late~ •. .llln1nO acl<l maxrketta 'WltO also"'run fo.id~ntlttcattot11 
a spOt ( 10 to 2, JUl) 'o~tJm acidlo(A) end lleutt'Ci.1 (II 

, fl'actio1'l8 tie ..... r!Wl, tovoae of two" X!eas~Ds' first,fo" 
Getf.taat1Dg tMlo~G O,! 14002 ~ .. thepO.,Pfttdllling the 
col01m develop$tfttb" ( tblo' \1111' be tuU$'expla1nedbolow ) 
I.Uld secotldlq. torspOttSag Irtlctloaa wh1cbconta!ned an 
~ neld in eXCGlJB·Qf 1 Jlmolet, ~ occ\mre.d wbea 
glutamate o~a1ardno were useliao substrates, 

mho papal'S were' J.:Un tot' D~ to 40 hours ,in the 
solvent, n BUf;aaOl~p~oplon1c ,aold-t/atol' (10.514. bB' \tOll. 
tho' bottflllot the paper bavk1s been tr-.a.'\fltll1>~S 
shew:sto. (fflStltle ewntlow. GlQcetbe solvents 'J:iat1ott 
the odge ot the pape~. 
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GcalodiU[5raL1 of mono<1iIJCllSiono.l ch~QmQ:boe;ram, un 
preparod for isolation of n ... ·J:i..no ecids for dctorrainntion 
or specific actiV"ltiasoo described in tho ·to;ct. Tho . 
papor is ol:rt 'Hith 0. !~UZOI' blac1e 1ilherc allot-rno· .t~c:1.dic (A) 
and noutral fractions (N) stJ::cnkod. UD OhOilJI1 ( 250;tU or 
moxIe) or sl:ot·tad ( 25 lJ.l.). Tho pOSi't:i.ono of tho UD:L'rlO 

·(j,cid. O)}otin after tho J:aUl1 arc o.lno ohoun. 



TABLE 2 
J 

YI.:b"U)S OF counTS OBT1!.IIumAT STAGES III THE COLUI·m 
cnRO~'7!LTOG11tiP1rI OF BLICE EXTHaCTS AFT:b1{ !HCUBAf]:ION 

t1ITH RADIOACTIVE SUBSTHATES 
ii-a ..... t,. I$"t ... It .".r' • un, ,~."", " •• ,~ .... , n ,. • r I ,. N ........ 

~:PF..,~.9.n.p'pUi.es.~.f. J:i~1e. jlR};.Cll,. ~?pp."'li.S .:k"'. .:the, pp_ntro .. f ~;Lo.G}.t 
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ITlOnn t·~1t.f non o .. mil'lo amino acid N A 
of slico(m~'acid oluata eluate 

'j ..... rr ,. ••• b' d • " • .,. \. -.;a.& ... t· ...... ltd ' * d J •• a .......... 1 • .,. ... .,. 

Optio 1. 
Vertical 1. 
Rat brain 

197 (~) 
123 (;,.) 
144 (~) 

11r• 
U~IC GLUTANATE 
• • r r * .... Ott - .... 

Optic 1. 185 ~",~~"i'.'~)' •• ~ Vertical 1. 98;1 
Rat brain 128 

10;i~6 
101 

8;> 

40;~ 
21 

4 

1'1 U i<-S"C GLUTiU1ATE + G}~UCODE __ .'IiIt·, .. 1 _-__ ................ 

optiC 1. 172 (!)~ 
'.Tc.rtica.l. 1. .' 88 ( .. ~.) 
Hat brnin 112 (3 

U 14.0 l~LJtl'1It:lE ..... c. " .. i t t ... 

Optio 1.' 128 (l~~ ... 
Vertica.l 1. 97 (l~ 
Hat brain 178 (l~ 

5;0 
5 
6 

2.1;'~ 
1.2 
lh,O 

112:'~' 'II •..• 

1'1>-1. 

?ll 
72 

91 r ' j.J 

9;:1 
88 

p ..... at 1lt_ ~i4i .", .. ~ I 

1.~i,!) O.lV,{; 
1.0 0.2 
2.2 1 ... ... .? 

O.l?fJ -(X' :; /) , I 

"1.1 2PJ> :; 
2~O 6;3 

7ft) . '/ 2.5f0 
76 1.6 
'15 1.9 

..... _ .......... _, _ ... __ .. _ ..... __ ._. _ .... l_* ........... _·r··._. _ .......... 1 ..... _'_ .. _ ... 1Ji ... P __ ................ ,.'''·~:_.,.,_t_._.d_'.'---· ...... I ___ ,, __ ,_ ..... , ........... _t ~ 

Tho table shoun the yiold.s of rad.ioactive counto ill tho 
Zeoottrb and Dot'roj: eluatos ;af.tor column ohrooatograr)hy o:r 
the O:i:t~:o.crt;G of optic lobo, vortical lobo and rat b!'ccin 01i000' 
DJ3 doocvibod in the t;oxto Rosults e:~orcoLied flO the means of 
tfilc !lumbo:vn 02 011'00$ in bl:'acl::ots. TIlo nOll Ur:lino L10id and 
UDino ucid eluatos thcoroi.1icnllyat1c1 up to 10(%'~ ,and. tho 
acid.ie (A) o.nc1 llOt1tfI~o.l(n) £;t:D.otiions to the valuo for tho 
amin.o acid oluate. 



pelaU£. de~e&O_a· 
,Po.pers ''lOra dt'104 ;10 tlD. e.fJmOaphtJtte fI!GO Of 

ammonta vapoUl1.: then ~Gpr~ evenl, to sat-,wat'lon 
with a tros~ matloO.2S%solutlon Of ll1rlh~tn1ft . 
aoetono. N~ ( ,l:tldmle Tt'lorw II~at$ ) :coaots 
wlth aminO Bl'Onpsto Siw '~ J?U1'Ple compleit., 'The 

, x-eactlon 5.s ,quant,:tatlve for a l:11de range ot atdno 
actd. ,conQen~at1A>nt, but ,f#noh attdno ,aci.d baa n cuneo 
,ot different fJlOpe.ste..ndard :O~S\'lere nmdob1 
s pot ti.ng onto cbJ:tOmatographt papGJto,e. 0.4, :0,6, 0.8 

, ,and1,0jUt101esof ,flaChof tbe~nmitJo acid.s glutama~e. 
aSpa1'tate. glutam_, alanine aQa. G1U3A, the papers' 
\101'0 ,dried andspr~d attbe satno time as ,the sample 
cbttOmatol)vams and tl1itbthe satJO nf.nh1drin solution. 
and tho coloult devsioped ll~heat_ tl1epnpers' h~ 
$.nan oven ,at 7O'.t"%,pOmlnutes, !f.\st.1ka.C1a and. fiagata 
(1961) found that thasecolldttiOns allowed maxlma1 
oo10u'd.o-VEflopr4eflt. P~elSmi~ iexperluents show04 
tbnt there was n'O loss ot,coloUt.'U tbesame quantities 
Of each and.no e.cA.4wetra ~ throUgh thesol\ront. as 
spOtted alttectl1 onto pape»·t eo the' latter procedure 
oaW<1 rtmrdng man,. '.);i;t'a papet-s. !f!b.e sraph (1?J.gw:e 9) 
ShOtfS that tor these flve atrdno acidS, ·cOl0W1 

development, As tinaat' for up to 1.25 "umolea per sample • 
. Thestan<lard c~ tJtu1prepareo. tor evo't!1l·expor!mGDt, 
e1.nce there tle1'$ al:~la:vs, emnUdU£erences In tho 
'~J:*1n reagent, or the eolourdevelopnent.The 
~p1e banda tvlere identified· b7compa.r1Son tIlth the 
markers. From F!gutto~. 1t can be sa en tha.t !n the 
It £taction glutamate t'Un$ taste_ than, aspartato, in 
the tt tl'aotlOnGABA xrutJ.n faster than alanine, then 
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~ ACIDIC AMINO ACIDS 
Optical density 
570 mp 

1.0 

\ NEUTRAL AT"1INO ACIDS 
Optical density 

570 mp. 

1.0 

68 

ALA 

0.8 

0.6 

.0 
itJJ'ioles 

amino acid. 

T~ical oot of otanuurdeurvos,optiaal donsity v~ 
concontration, for tho ~~~~O acids Glutamate. aspartate, 
Glutcunino, alanine and GAJ3A. CurVOD are not identical t 
but oro linear up to , 1.25/UHOleo por aruaplo. 



,glutamine, trlhOS&" , ilt va1.ue is verto1oso to thOsO of 
slutflUlate and aal~lrtatt: :it' tile fractions \lere 
m~ed before running, theee tbrS$ omirlo acitla \.flould 
ba 1nsoparable. :alO ban<ls \18re 'out out. also a ' 
blantt pleceof simUmt urea.., ~llo(l t·1:l.th n forceps 
tu1d 'puahedlnto tasttubes.10ml of607~ otbanol 
\l1erO ndded and elutlon. ald~ b;9' wb1rltnz gGhtlyon 
tl VOt't(l;,t m~o~'Jlb~ th~ tubeapro(luoea. 
!nngnlontation of "abe papor \·iht..ch inte%.'fo:cetl t'11th 
the x.toading. The tlaQPlos ',and, standards "lorG' reo.d 
at 570 r;uon tho'tJtdeam st? sao or st> GOO avaetro­
pbotolllatet' fll1t(Etd. wtth II .tlOtfeeU. A:ftol!\1at-da 

0 .. 1 mlof therad!loactlvo Gluates and. the papar 
blanlt llersp1pettoo tnto ¢ountUlg vials'. Tuble 3 
ShOtI0 thE}recovG~1eaot the 'counts 1n tbe indiVidual 
a.nt!n,o aeidS, aftv:t* papG~ohrot1atosvnpl1y :of the 
DO'tICX eluatet zttGlaa in this caSe t'le~epoorer 'than 
in. Table 2. ospec:ta.Uzr \fIlth U140 slanina ·ns Dubstrate. 

In the f~t setofexper1msnts using U14C 
glucose as substrate. 2~ ;U1s:pOts or til0 A ~'U1d It 
f!'actiona t4el1GalBo l'Utl. The Btripa eho\,ttl in 
F1~e 8 '1a~o out out 'BE1J-ORE apr~ and. ·the 
radioactive opc>ts located. byautorad.ioe;raI?h;vi i}'hoU 
\tere then out out end plt\ced (l~eetly into ,oounting 
vials, and. Brays Hoinl1Ulant \.las o.dded., Thl0 ' 
pl'!oeed.uro ,·taG to Gst:Lrant>G ~th(;) aoss of 140 ooou:t'1'ing 
dur!tl.g .the oolOttt.' 't'¢uct:\on. \'lbich rosults in an 
undettastim.tttlon of tho ttad.loaotl,,:i:b3', but nQtot 
the runount Of amitlo aCid.,slv!ns an underestimate 
0: tho spec1fie notiv1t:r' thea1*:t'or also varies 
uith eaoh a.m1no aQld.,. 'The ~ropOrtio.not 140; loat 
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~lHVf~ 2 
YIRT,TIS OJ] Ar1INO ACIDS AFTER l:>APlim. OHROr''U'JoTOGMPI!Y 
,. .. JI * .... ,. *. ". . ~ n . _ .. iii? Or ._~oJIIIJ,."WNt #19' ..... ' __ ........ , t ..... ~iftiI .. ., .. 1 M 

Ootulto in froe ru~d.;l'lo o.cid.sin tho ninhydrin oluates 
el~rossed 0.0 0. poreentazo of thoDe iJ."'l the DOuox eluateo 

GLUCOSE 
'111__ ., u •• 

Optic 1-. 
Vertical liP 
nat btUlin 

GLUTJl.llI'V.rg 
.. v . I ... ., 

01?tic 1 ... . . 
Vertical 1. 
Rat bro.in 

Optic 1. 
V~rtical 1. 
Rat brain 

5!W/ 1".J 

lllJ 
,5!(-

8~' .. :t /;; 

79 
GS 

6~j 
25 
11 

2t1! "'I'"' ,} 

? 

6OJ·~ I" 
6;; 
65 

aGrI ~. 'II) 
80 
73 

I,r\;.-::,~ 
~ .... 

30 
26 

:;6~'~ 35~j ?1~; 
48 G ... ~ 
33 ? 11 51 

5;))5 4lJ:;~ ~., 9~5 
36 92 16 14lt-
31 ~ 13 ll~? ;> 

1~~:1 58',r ',:; - c·9:' ;; ... " j:) 

O.~ q.? ... 47 
0.7 Gil" 0.1 6:; 

70 

Yields Of rad.ioaotive counts in -tho individual a!JillOo.citlo 
of-tarpaper chromatorsro.!:hy of tIl0 DO't'1e~: acidio (fi) antl 
110utral (N) eluates: Inottbatiol1 of octopuo oncl rat bJ:io:tu 
slicos \'1n,.f~ oarried out '''ith throe I*ndioa.ctivosubst2zates, 
and CJ:t7JO.ctO tJoro 'Vl0rkod up and chroontoGraphod on dcoc~l.bet1 
in the to,!~. 
Results ohol:1n arc the Cleans of three vv~lucs. 



t4Ul 4fJpfJn4on _the carbon cbo.1D length ot the ambo 
ac,44 !.n<tucstlon. '\!ld. if unttorm labelltns· ts 
aes~a.. wUl b6 eQual to the reoipXr'ocal. Of the 
llumbe* ofcar~llat1)mc in the nmUto acld moleQulo x 
_ 10096. which tl1U be 2Oi~ to,t'slutamatl' andglutam1ttet 
2;96 to!: aspartate (Uld GABA and ."% tox.' alanine, 
llowewJ:t lflubol1_ iu, aon-WlUomD in tl1e carbOn 
Skeletou, the loss tnaJ'l'aDge _m sero(U 0-11e 
not lo.belled) .tQ 1~ (it Only g.1 is labeUed ). 

B¥ tnspeotton o.tf~e 10. Sht)\11ris -tbe csrbeln 
elteletons of "he 0Iliu0 acids tlt,ltl Sntemodiates, one 
me.1 pX-e<1tctthe tbooretlct4 label1_ Qf the carbon 
skoletons of eBch.am1Ao aCid.u140 glucose glvea 
rise. ton140p~Ynte. AJ.auJ.ft.o 'Would bttve the sWIG 

labeUiDs pattee M ~'et sinoe in trousaminatlon 
reactions, carbOanke,ltltolls do not excharago,Q'" ·ot 
~\fQte beoomes C#1 Of ex kotoslutarate tl1 the 
fuat, tum. Of tb" cit:eic ccla 01010. ~1s c~bOt1 
atom ts loat 8$ COn botc». ~aaob1as oxalO'G.ct;tato" 

~. 

but thIS molecule UBU' be to~ tt'Om PEP orWJ.'Uvatte 
b~ the: t1a1ioentJ'llO. PEP C)MbGlqIldtlsaf) or ~te 
klnaetreuctlon-I fl. \f/b1Lch caselt ts labenea 1n a1l 
but; the O~, pos$t.lont: 011 fUll; labeUedlftt ptCJts 
up e. radt.oactilW f·tOe mol~oule. mbGl'efOre, All m_ 
~'otthec7Cle,_ one ''''0144 expeot alard.tte a.nd 
tbeothol' attdl1oac:tdsto belobelle4. unU()~, or 
in a11 oarbOtlatOIlB except tlleomegu position. 
mheretOJ:otho pt-OpQrtlonate -losa ot tMtoacttvi:tr 
dtu:!.ng the ~!nz.enotton would be 3395 -tOl' 
alanine. but; woula .be bottleerl 20 otld 2:>9~ tOJ:glu.to.ma1n~t 

2, to :P'f~ for aSpaJ!'tate nndGABA" 
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glutamate ketoglutarate 

OH7.0H-O~H -00-000-
/ . 

NH2 
alanine 

COO- COO-

bo CH-NH2 
6H2~< _. ---~) ~H2 

000- 600-
oxaloacetate aspartate 

COO- COO 
CH-l'TII2 bo 
?H2 ~:-----~~ ?H2 

-

yH2_ yH2 
COO COO-

'12 

GABA . glutamate a ketoglutarate 

\. 

FIGURE 10 
IU" I 

DIAGH1U'1 OF AnlUo. AC1J)S AHD CITrtIO ACID OYcru 
IH~EHHED:[ATES, f3EOt'J:.u~GdARBOn BKEL1l,~OI\fS OF THg 

HOLb"CULES. . 

J?rOl~ thin diagram, the labolling pa.ttorn in tho 
Carboll skolotonsofthc o.~ino acid.a Day be p!'cd1cted 
an u()ccribGc1. in tho text, "thon pyrtt~te..to, Glutamato 
or alanine is the radioactively labellod. V:C0cu~oor. 

: .. : .. 



In contrast, inoubati.l)ll with U14(1 slutsmat(l 
woUld ;.~eld sm!r.lo ncJ,dsu.nl£o_U labollotl in 
their carbon akelGtol1s, and' the· theot'stlealloss8$ 

. wou14 be aa statod in· tbo·tUst instance.' _use 
Of,1lftl alanUle ott' ~te~lOu1d uteld a 'patt$rn 
of label~1nSltlitlti.t1 tb$oarbon s1u>letot1 identioal 
t:JlthG~ucose •. 

. Table. 400mpa,~¢a the':uloldS of. counts!.n tllO 
aminQ nelda, 1n tllo.J;"Jafll(lamOUtlt Qiextraat. from 
the paper' ~ .ftom the ll~Sa "eluate, as deao1!lbEKl 
ear11or, and.. ·n·lo::)tl WOuld be "Et'tPectad .iIl tile 'eluate 
c9untS. nose (19'=Bb )dldtiDd alons', but .estimated 
·11: as b01nsbelOw~llethGoratleal los~. ·enA·· did not 
mak(j a correction tovlt.·: Ta.b~Q 4ohows. ·thttt <mlu 
·tn . the caSG (j·f ,glut~ .end ~e lomt.ledti'Om 
u140 "glucose' wasther$· ',:8 10ss,. tl1llOU1lt_ to S016 -.n 
$llOh caset·but In the otbo» cases there '~1as .~on&t 
~tt in tho caseo!' glutamate au« GAS!! an notwl gabi. 
Th~ rE)a9on .·for .ttd,a. -mqbethe lose or counts.· tlt.'om 

. tllopaper dur_uutOJ.iGodiograpbf. xt \1o.S tberetox-e 
doc'lded to caloul.n.te thespocUUlact£V£tloa EVOnt 
the counts U1 the ··oluateaUone.noae (1968b)4IO 

-mttde no cov%toctlDu, .and paSntodout the.ttbe um1G~ 
eatSmatSbnof ·the ~ue' spec.Ulo aotivlt1 dtanot 
aftectl,lleQ()mpaxr~0I10fva1ueaot spocUiCaott11ttl.a 
9ttbe Sl1illlt ·am!nonc14 't11th dUferent. tissues Oil 
aubst1tatiOSj 

Speotflotlcttv1tios\1et'eostimatod. as 
. dts1ntegratlonrs pill' minute pet' ntOlaculo·. :divld04b~ 
·the amount ot SllWloaoldia 1cr-9 ~los. Thou 'tare 
no·b calculated-on tbebas18 of carbon atoms Oft account 



+ rm..,,-onn-COOII 
G 

-:- neBO + COr) 
+ NIt.; :;> 

-~ O~"---n.T ~ / ,A,r- ~~~ 
O' 0 r 

J)urpl0 conplGx 

Equatioll OhOt;linG tho ninhydrin ot):LouZ' j;Qnction ~ and. the 
1000 o£ OO~? 

c. 
( i\.f''uor I1abloro.nd. Gordoa. 1968 ) 

'1'~nT~ 4 
11t fi~-..u.r.:.it 

LOSS OF ··CO DURInG n:riU1YDI1IN nBl~CTIOU 
••••••••• 'fJIW¥ •••• I r r a f{.. ..... fI" ,.-. • I "tw '" ' ...... "11.Q'~ 

Cooparioon ot COU.~tD in amino acids 2roo n~lhyd~;Ul oluatos 
and ~row papo~ otripsu 

SUB.3TRAT.B .............. r. , ..... 

~T1l1"C 'G CC"'" U .I ... J;U, ;;.,E 
~--... ~-
papGr 151~ 

eluate 213 

U 1 l j·C GLU~eAr:ll\TE 
• ,iM' ,. __ .'1." . 1; • 

Paper 
eluate 

;;,210 
6,510 

ll-ZJli­

l~?6 

2l 11.1· 

230 17 

51 
57 

, 1 ..... I •• " ir r, • , \WI." ........ 1 ',,!IIar. h" • i od • I' ~~~ •. ~t;, .... ~ ...... -,...,.'" "ri.q!J'~·U Ik .-

TOto.lcounts in the CUn:LtlO acid fraot:tons t'1orc clctel.1:linoQ. 
~:rOt:1 tho ethanol .. eluates of the ninh~lt1.rin-sto.ined onitlO 
o.cit1a, a....~d from thcnQn-otainod, CbroDutogruDhod llJJ.inO acid.s 
ill the rat corto:~ slice, after :tncubn"i;ion \'1:7..t11 tho 
radioaotive Dubot:r.atos oho\'iu, us dOOCI'?:lff!.d :tu "',.;hc to~ro. 
Rosults o.!'0 tho l:1Qp.ns of' ;1 valuos ror U iO glu(}ol)o. tLl1d 
of 6 vo.lucs :l':"or: U· "1·O Glutamate. 



Of thG ~lssimUtU*it1 otthe-labelltilrs pattern tt1thln 
thtJ carbon akEtleton ,,,4tb dltferent subafmatca as 
de~cr!bed abOve., 'Pool suos wor~oexpr.-esa0<1·M'·10 .. 9 

. molos permg.pt'O~tne!nc& the protetn content pat' 
Gl'Bt4 \'teu ~'¥e1sht: of'opttclobB, vertlonl1obe and J:at 
bt!a1n var1ot1, M.doacr!bed 1nChaptor S~ 'Reoulta W$~e, 

o , 

OXp1'(UlsOdt s~and~e:tl'tOl'S or S.E_f'l.S •• e.nd dUterences 
tested .tors!gnWeanoe t'N moons ot the studentfat teat. 
li-nt~l'erl,~, .P!3~~.AAPrkl!&C. . 

'In the latett e:q$J1!monts.the ,a.m!nO aolda t:tere' 
det&mnin$c1 bzr metln30t' en autOMtod arnUto aold 
~se~ buUt in -'Uho Dap&rtJaentb:y' rm.: A.3,Themas, 
and. ttosor1bed' in 4~tnll bU !'bomaa,i <196~). Its use 
in the (leiieetlon ,'01 fl!S8 ,amtno'aclds !n bre1si, t!aoue 
to doscribeli b~ nradfOt'd aud ®OmtUl, (1969). B1'iefJ$, 
the zeooarbeiua.tet~d1sso1ved !n 16 or 20 mlot 
O.1M H01,,?O that;l ,ml 'wottld JlotcontainmorG tben 
.2 ;umolea of a,of.ngl.e 0JUn0 acla., ttbc 'fIOl bOU'ba!t1ed' 
0.1 /Wlloleno1tleucillG assf.uu1aara. A 1m1 ott.mple ~lae 

tben pumped tbl?OUgba oolumn Of fJ~phOnnted t»lUa.ehe 
resin., and tb.enm1llOttotd tr,actlons stu,tm\, in ·tttrn l:W 
,8 arad.lentof'G~r·~1rtCi!eaa_ ptt,The acldtC)am1nO 
nelds t'10'!'a eluted ;tirst. toll0wed 'b1 the neutra1 and 
baste onos'. 4J:boe:tflu$ntJ\1a.o thendf:\t1de4 !b.to two 
J1OUBbl1 equal partal, , .<lM '\'laB mbedt1:t.th,~1u' 

l'oagontnnd heated, tb& co1Qu ,llteasurodln 8 

'cOlo!tim(fteJ: : ana. recot'dodbft nobart. l?igUl'~ 10' is 
a photograph Of bueh, nCba~tJj ThceJ1iUJOact4 
traetto1U1 f.n, tho, othor stream \1e'~, collected tndtvlduaUu 
btmeans ,Of an automatic f:raotlon eol1ectol't The 
ftactlontl \181'& '~msb~d into ec5.ntUln.f:;lon v!n1s, ,11th 
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scinttUant nnd. OO\1U~ed. mhoareao under tbe p)tika 

',on the:,cbart "'$,1*&' l)t!OportlOl1alto the amounts ,Of 

, am!nC acid in tbe sample. ,ic integrator made 
correctlollS fOx« Oh~~'B ,in therecorderbflseUDe 
during there. stJd· oalc.ulated'a;ld pr1nted out the 

. areas unde~ eaoh PEl$lc. A.1temat;1vely these mav be 
cnlculabed tl*omtb~chU11t itGeU, tho area being 

, taken ·aatha!>l'oduotl ot'i base x heiGht", Of peak. 

77 

'£he areas, tter&oonve~tod t~ miorOmolea of ru:d.no nO!(lQ 
bUOltpl!$SS1og theJ' QS' fl'scttonsotthe no~leuoine. 
peck" then mult!p~_ them by a pX'edete~.,a £actot 
,tor each amSno a.cid. The uae Of 140 labelled norlouctne 
·ennblett 'tho ope~tCl* to oGlcUlat$ tho exaot dlst?!'tbutlOn 
or aminoacld b<Jtwlten th* 'eluate tbBtWas' anal~d and 
that t1bicb tt'McOl);.sctQii .and Oounted, so ',as to m!lkea 
true nOaeasment Gltba specUla activities.. '1'he s1Stem 
is; , a.ble to detect(t$ lttt1e as S K 10"'9 mo1ea of amtno 
aota ( Tbomas, 19(9). Us_the paJ}EJ,~clwOmatosrapb;f 
metbOd" ,only S It 10~ mo1e8 :tJ:an bedeteotod .ana. 
accUfate~ moasure~. 

qomSissta},~ '!tbe.t .~~~~,I!J.d*.fP~., .. S'p..2S!~t.":,,, . 
detec+-loft :of the .·~m.,"O .acld.tA • 
• u _ I '. ...... rio I '.1 iI' I. =~4J' .1. j It . 

~ lo-wrecoVG2!ieo otthe amf.noacidaaftoJ,.t' papG~ 
" ... ,,/ 

ebJ.tOmato~a_t.shmm tnWa'bl. ", and thetaot that; 
no loSSGt ,counts flee!1SG to OOC'U a£teJ1 »eactl0tl 'Ot 
theamw,acids ,"11th' nlDbBd~m( Tablf) 4 ) tea.lee 
the question ot tbCl lim1tatioDS Of tho dUterent 
means otieola.ttngandest1ll1atSDg th~GUdDO ·acidS 
b~ (n)ecannlng,(l» oo1'Wl11 .ana. plpCl'ohroaatogra. 
an.d. (0) auu01$:1tQ4 ~ actd analJlJis. 

An stated. fl.l t11e subsection on col~ devo'lopment. 



the undorestims.t'1011 of't:i'UG 'speoifi0 activit:! ' 
'd.~d. ' bot' ',atfoct com,pnr~otl 'of tho· -values' tor the 
a~'c.mtno nola under d1tfexrent tncubtlt!on CODc:lltlcms, 
'IIOtrlsvor. this' m()tl10d,isp;r!~ teor 1aolo.t~, 
alttaad.zrlmOtttrproductis ~ bulk, rule1. de~t(j~:tns 
th,GSrapeCitfie'l;totlv!t1ea, alnce 250) / ;00 ;Ul0f 
'tho' tOll(~l tinal ammo '(lc:ta e~1irtict:ts slXltted.. In 
oontl:,ast thoaconriln!?i methOd gives 'a piottll:'o of' \ 
all lGbGl1~d.:1n,to!(tmad.1ntCt$ and' :rimino aeids, 'albeit 
o~ 'o.ama11 llOt1tion ( 50 ISOO/Lil ) is ,spotted, ' 
end 'tho· Gcrunlo'rs boUnt' l1ttllO'1Dttof£ieiel1cy th~ 
th61iquldoo:tntUlntton counter. tj:ha automated ' 
am1nono1d anal:rRe~ t'loU1d :nppoar 'to be tho" bast' " 
matllOa. '~tO!{! doto~1.n!ng; 'poOl Gle~s.since tho '10SB 

'Qr am:1l1oao1daroOo11O.red ~te~ 'paXX1t' , ~br(Jme.toernt>b1 
'does notooaur'h(lIG. on the othel:' 'band.tbg 
r)fJasi~:U:1t3' reroJlwotbttt t~o lOt., Gum or the yields 

",fJGOn in n:ablo 1
;; ~sl'\lolaU1 attel' lneubationl'llth 

U~,40 :' als..~o ms;,bo due' to' tho' ioot tllat' othe~ 
luboUea.',amino' ao1dU esoapeddetect1an. in, 'tfll16h 
oaae;, the~ \10ultlbfl~ boe~do~beotec1 by tho sonnnitlg 
lllothod. ).uru:o»,tuntlt~lYt the:lnolt of supply of 
Qotopusat t1l1S; atagamat'~ ,fu:ctl10.,' o:(perimants' . 
imposq5.b1e. mho .tact tbatthe 'miSsing sul)stances 
i:lf;iromoro ,1~11·, to' 'be , (iminO. field' in na~ viae 
badauoo : tho 'B11eOotestlo$$ became appa.rent attoti tho 
stage trlboream1.tlb' QeM sapazttition 'OOC'U:t1S~ nttOl" 

theDOtiol.~ 'o~m.atQg~a.pb: stase'" (Tabl0 ~)andttot 
so mu.ch 'bafoit()., " (fJJable2). ' 
Dt<,'inatlon o£,lUCftse laot!ato' and ~rtMte • 
... awl,om ,II 11 , .... I !1IIi,D .. I',;:' ul. ".:ti ••• III '",', ~T"U; 

'1!J1o zeooarb non--Qf!tw 'ncta 'Gluate \rOS concentrated 



10 t5.meGt ana glucoee t ~t6 eJlt\ lactate estlDatea 
qu~t!tntivel:v by .ttba foPowtnl~mothQd.St 
Glucose was ostlmnt.ed uN' the glucose oxidasemeti1od 
of lrlemtng and pe~or (196'). ,laotate b~ tho tlp&Ctro­

photometrio roduc't~.on ot rlAD using lactate dehYd%'ogonase' 
at pII 10 ( nathOCLot Htlbt)rat. 196~ ),. ~te b,- the 
:covertJal ·ot the lactate ,deb;tdrogelUlB' reaotion (Mehor, 
196~) at pH 7.6. tlba Q'OUtlts in these motabOlites \fere 
d.etormitled b~ spott;!ng' '100 jU1 of the COMentJeatotl 
'elua.tein fltrips ·and ~ thammon04ilnonslonal11 

19 

in the butanol-acet;loncid.wnoor solvont (40t11t2~ b1 vol.), 
loontin(!; tho bands. 1J3r tllltoradlogral'hYOWl' X re:afUm 
for throe to five C.a;ys, and Ol1tting them cut and 
placing them :tlltoeount*in8 Vials \·11tb. J3ra.TS scintillant. 

The lOl:ast detsotable 'and me'aGuxtablo' levels '-le1'O 
as fol1.ot'lSf for glUCOse, o.oo~ lUi-lOlos pel' sample. 
fat' p~te t\Dt1.1t;.eta1ie, 0.01 All~loles, per CU11'ette. 

·~"q~lFtl?!.1n1!1iA9P __ qC-PE~~~.B.i·_A~~t')~""" .tlP.1!fR-
l?rotGln tme dGtormined SnbrainhotlOget'lQtos or 

f:to.Og digests of t1$mul b~ tlle methOd of to\~t 
Roaobrough. Farr tUld liWldeU (19!l1). !lUCle1a acld.s 
t1ereOj:tructoi1 bt the tlothOdot ScbnetdGtc (194~)~ 
The bOl1'1omonatetcon'baUling not less tban 100ln8 \'let 
t1olGhtof tlOsuo: trIds treated hi-tb.leo-ooldpeliCblorio 
a.otd, 0., to 1,01-1 to procipitato 'twprotein, nuclelO 
(lcidsand lipidS.. ~o precipitate ~laG tlaahetl three 
title's \'1ith O.!5t1 PC!: .• thOl1 defatted witb t\~ \J1LlSlWle;­

of OO$f~ ethanol fOUO~16d by 011. uat;Jh!ns tIl.tbotbW1011 
ehlorotoltm ( ;St1. "f/v ).DlfA and. RnA t1$tle extractQ4 
from the roaidutJ "\,lith 1;\fO l-lW"J~S 'or 59G ~GA at 90°0 
for 1Sminutos.~ PJ:1A was astittmttrid in the ext»act 117 



thopre1nol method 'Qf ll~~balU1l (19:79) fOv ponto$oe. 
DIUl \'lattOst_ted b:r tho ~pbe:ql~ :.tl1040t 
Dlsclie (19;0) to" dbO)~ntoGGSt using the modU1oat1~ 
of l.'tt.lrton (19%) and the cor~oction of Zo.menbOf, ' 
l3Urszt1n, nich and ZSlUallhOf, (1964) for graate" 
sGns!t!.vitt.,~G 10l1l.)S1; 1ewla that were acouratol:v 
~asuro.ble wort) foUnd to be, 50 JUS. Of RUAper, sample, 
and 10 /W.5Dl~f!.. persampl.e., 
Untake '!i!lr'Nilr4 m~n+:,s' 
f .. IIi ,.1. 'IIItUI~.~Jt. 

~he uptnke Of arairJotlc1ds, chara.ctorlstlcot l'at 
b:cainal1ooEJ dl$ct;saea, 'In. 'Chapter 1 \-faa 'aloo tested. $a 
ootoPus bra1n t11.1¢ts • .£Q~ glutamate. tl1anln0 t glutaJWt$ 

'and GABA. 
Incubation tlS!; c~rled. out!nt~arburs vessels Ua1ng' 

10inli glucose, and 10mI·2 t.,140 ar.t11noacid. ana 1to 2 . 
m:i.cItocuries of rao.tQa.c1:il'V1t7pe~ tlf.l.Sk. Xt'lC\lbntlon was 
foX' '1 Or' 2 hours. and 1~OOB was collente.d and meaawte4. 
After incubation tho . aUO&8wo:cS re\:aigh~'to check loss 
bY' tro.gm,entatlollor ~a1n bJ uptake or \1ater,tbea twe4 
!Jl med.ium as desor.ibed earl10x- elld h01lOgel11aec1 £n 5.0 m1 
of 1.0M~lcblo:-O(toetiC acid (reo!.).. The homogenatewa; 
spun dO\m and. the oupeX"lntantcounted. AD a11quot of 
mod.1wn \'latJ also ·oountea. l~aumlDg the densl~()t the 
slice to bo equal to that of the med1um, 1,c. n 100 mg. 
sUce ocoupied.O.,1ml, the ratio" counts par 100ins sUee 
to counta ptlJ: 100 ,.u1UlGrllum was· calculatod. If the ratio 
was srsater'thanun1t;y thea Active uptake ago.in$t; a 
concentration gracl1en'b was assumed to have OOClWl'CKl. .zero 
tlme controls wero also' run to check adhe;-ence of "ail. 
notivity to thenlic& nurtaco. 
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.&YFm~Nls{tlSl,m·BOU2GFpAE. 
mile, e~_saaoa1e4 sa:rat cottlex a11d octoptUJ optie 

and verttcal ,1obe:.llOllOfS8natea ,\fere the £0110,,_. 
gl\l~tedeb.fdt'08onas. (GDB).glu.tamatedeca~271aso (GAD),. 
slutulnesptMtaoa (ORS). sspaltt\1ieeminotratlSterase (AA~) 
and ~~~ tranaani11aae(Ala-Am). ,The r~ac~'oDS ,oBWJFSea 
b7 'tbeat atte shOw,,!n t4gutte 1~j. GAD" GDHt GNS, AAm _ 
Ala~A~ca,t~e. tho COUV8t'$lanot 'glat~te, ,Into GAl3A, fl­
ketOs1u.t~ate,glU1n.ll1e",:llOpartate ·etld e1t\!llrJ.e respectivel,.. 
-and, the ,lat": ene_wo the f#te»convers~oa'o~ alaDlne_ 
P7J!uvato. 

:Ertm~e asaqa UGr. oo»rle(l out on hOlftogenateadUute4 
to suitable oOftceat»a.1i!.0t\8 which were fotm4eqel1.nttlUr, 
( therarC) dlso_snt\. ltl·.ptnltt 4 .). 1~hOmogeba.t; •• we". 
maile ~ttroz.f.t ~ b:waitt. thawed (taOI, andot fates!) 

'. 'l'at 00"'. lDwateJto» 0.328 S·UOrol&' bomose$BtS.oa was 
caft'lta out in ag1asl b_sedaex- _oreed le· a "alee!' Of 
lce 118_ aJlOtOHwtvenltetloa »&stle.cle~aao. O.oo,D. 
tOt' '0 SGcoMa. to ob' •• at_ btte_ot1ft GtoeU 
Ol*B~.U.1 and ~llt1ast) Of e •• ,mea. 
PA1>.t .. M(B.P., !.'.t2.1.:?U was ~1a;edb7 ~he method Of l~obe". 
·and Ul'anbl (19,.,) aa moW1M b7 BalazB et at. (1966).., 
mile tol10~l1eaot_ 

1 ,14h "1 "p':\'Wt~'" ,14:hA' , 0" II.~:A .. v SU-v~vQ 11# vva +nQl-l 

was followed manomotrlca2.~ tD. Wat*b\l1'8 vessels. Rat brain 
~omoSE)no.teStler8lncuba_ at ?>7°, and octopus b1'* at; 
;25°, under n!tJ!Osen in 2., -al 'of the fcllowS,ng butter-
subatvate -m!ct'tUlel '-
5Omt1 sodium glutSllW.te, ooatablDg 1 to 2 ;uourlse of 1.140 

i 

1 
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AJ-1INO ACIDS AND CITRIC ACID CYCIJE INTERI'1EDIATES 

I 
Also ShOt'In ttl:'O tl10POint;o of o.cti-vity of the OllZymOS i 
s·bttd.:1.od, as describod :1:1:1 the tax'h. [ 
Dit:l.C,'!.'e.tl pCZ'tly to1ton fro;;; no horts , (1962). I 

I" 

t· 
I 

! 
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glutamloacfit, 1om~ redUCed ,cf~lutat1l1()net ,0.2 l!1SPPldt)w 
phosphate, O.02l1pt1.osphate butfe» a.t pH G.;i. Oar_ 
dlo~de tolSS col1tc;tedin "the Centre 'tl~11 and counted as 
described. earlier ill the ehapte~. A bla.r1k was run, with no 
tAosuc.and. at each tissue concentration a flask cODtaining 
1Omr1sem1cat-baeide was 'run. ,at tb1sooncentrattbn, it 
complete1:!bhlbltstho te'$ctlOn < ROberts and Fi-'o.nkel, 

,1950) by t400ldtJs the Pni-dos.t4 »bOaPhate. fbUlil$S to 
ascertain the elllOUttfi of Bluttlt44te actual!,. beq olddise4 
b1 ,conversion !.rl,to I( ketoc;lutQntQ. Xn (locb rutJ.. tbltel 
dUterenteoncfJntraticM: Oftisaue 1:1Cl'e'USeu" as l~eU as 
different incubation tlaes, trom10 minutes to 1 how. 
['be experl.mentWtlB repeati04 at least ttl!C" I.l.lU\ resUlts 
calcul.ated, ,aa the meaDS' Of tblroe such experiments. 

, . 
©t{;, (EtC. 1j'4j1.e.)t-la.B assaued. bf' the mf)thodot o18on anti 
fl..ntinsen (19!!2) modUle.d ·by Be1,"ZB, (195'). 'It 'ti1S$, 

aasaJctl in tbe d1~eotlOf1 at 6lutamate o1tJ.thosl$ * 

robo raUb ext1nctlonot: l{AVBwaamGasured GpGotropboto. 
metr!(S.a1ly at ;;40 .mp. Ul·tbeSPBOO Unicam apeotrophotometel' 
at 25()O,. EaCbcu,votte COl\ta!nod. b3!ain hOnlogeno.W ie, 
3.0 .ml of' the .tollol'lSng bUfte"'G\1bntrate ~&i 
1Omt1t(;L.-otoglutarattlt 1Smt1 ~Ol. O,O?ms/ml Nt~Dn, O.Smf1 
liDP, .and O.02l"t phosphate butte;: pIt7,.7,'t . 
13a.lnes,(1965) found that 11.DPnt1mu1atad the J!e~ottol1 
4tc) !i. tSmoOj In each el:tpOl'1monttbreectlv$ttes WGl" !lUll 

,,1th dittoX'ol1U tiSsue co.no~ntt'e.ttons. against blanks 
conto.:1n1n3 1;wsue $,nbu.rtQX' alone. A fOUJ!*thceUcQnttl1Q14 
all the constituents '.' but no t1esue aga.1net a blank without 



, ' 

NADD, to cheek foX' spontaneous, o~atiOn ot ,BAnK, bUt; 
'thiS 'tUlS nover found to ocour. , ~ee such exPeriments 
t;e.~G,pel'formed.. ,n,t lcaBt,and"the· meansot thee. cel.culate4. 
The nmountof aubat~atQ convened t~jtUJ,: calculatod' ua!r1s 

,tbe fortnU1alch~;eOf O.1 .. opt!cal density units at 
;;40 ~ = O.O~'51 /IlT'lole~ rIADlIodtllsedpott 1111. (protem vas 

':4etorm1n$(lln "thellotnOgenates. end activities, were 
cSalcUlated. $.S mic~()l1l01oB su'bst;rnteoonvorted, .~/ 1!1g protein. 
AATI,'E.t,g •• J~t~.11'tJ ,'IllS :nsS~d 'b:rtbe methOd o~ no,d 

·'(196t). AG~tate was con~rtGC1 tate oxaloacetato, tlhlcll 
\'10sreduceClto maln~. b7 a44tttonotexcoss mala',' 
del\fd.rogenase, 'COll1~lta to NADn o.atton \~btch ·wac fo110\f$4 
SIlGotrtllJhOtomatv!clll1N at 2500i', 

EaohouvQ'bhe cor.ta:tnod brabl homogenate,!n, ,.0 m1 of the 
follOl-:!ne; butte~oubtltratb mixture. . . 

;0 r!~lo.spart'ate, 0.07 mtYri1~ft.*DR, . 1 Omt'l W ketoglutarate. 
O.02tl phosphate bu.ttet-. pH '7.4. 5~ Of ammoaium sn1pbatJe 

~ere· '. 
suspens:1onot mala:te d~l1:1drosenaao A added to start tbe 
reactiOn.. nlanks t$l'O"UD tn the same vay as for ODS 
assajts, and ent3'1nG ,aettv!tltlB t/erf) calculated intbe war 
desoribed. above. 
A,l. n.-, A. T,t .!E •. O .•. 2.G~,.112,,~.) \-las, asoa7odb:Y .ri.ssazr.··. r:-,lethOa XX .. !II •••. ,~ I. W, I G _ _ I. 1M wa· " '.' . 

, of nogal, Iloattl(t· .$lld. HOPlXl" (19G2), and lIas clso·measured 
npccrbropbQtometr1cal11' . 
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Alanine tItle eon:vertod into· ~te which ~lrul measurG4b7 
follolll!nn; the extinction at 34-0 trr}l of 'NAD!:! in the presonct 
of excess laotate dehydroganase.,Bra.tlJ1 homogenates liere 
tncubated at 2:;°0 in ;>.0 mlot ·the follOt-l!ns butter"" 
substrate mbrturel . , 

~0t'.4l'·1 .. ketoglutarate" 0.07 mg/ml NADl1, 7mH:&-alanino. and· 
0.1['1 phosphato bufff'J;cat pB 7.6. 5 ~lor lactate do~o­
gonasa ouapenoion'l'!ere added to sta!!t 1;ho I1Go.etion., 131a:nka 
wore run in th.e same w~ as forGDH. 

In all 'tille, 'spootrt)photomat:uio assailS of G:DRtAAT and. 
ltla--ATt rt.l1lS \'10ro made at least three times, eachti.mowlth 
throe tissue conoentrations nnd l'lith a r.nlitable blank,. 
Roadings '\'.faro takOtl' automatlcaU,. of the optical dens1t7 
every 10,minutes, and. at a to ,mint!tes in tho caseot A,A'l 
uhioh \~as ver;t aat!ve •. OuWttea, '!:Iors .,invevted ev·cry teD., . 

m1n.utosyo prevent settltrlgottho of\-z:yme. " 
g.i3J3-1.~!J1.9A..-6,2.t;taF!) t1tu;1asS~d by the mothod Of Sel1ingel' 
and. De nalb1nt.t Verstc1' (196'). tl'he reaction tlas ,as tol1t)WB, 
by<ll'oxyltulline bereboing the amino c1.oflor instead. of'ammonia. 

, '. - '+~ , 
Glu.tamate o{- hydroxylamme .+, ,ATtli' AI1P ,'t! Pi' + glutamOhl"d.~ .. ·,'roxamto 

. e .. cld 

Diftevent amountaof tissue bombgenato vrsro incubated in 
ep.pped teat tubes at 3tfc ,o1'2~OO ( for the rat and octopus 
lJespoctlvely') in a shaking water ba:th, in 3.0 m1 of t:lle 
follC:)\i1n~ b~t£el'-BUbstrai;o, ~', 

100~t TrlB-lIOl bttf.fer· pH 7.4, O_05t'l hydro~lrunirle'hfrJ.ro­
,chloride freoh1;rnou'brn1:i.Bed 'i~tth NnOR. !)Omf1 glutamate. 
1amf"1 l1W 'triaOd,iuo salt. O,02f1 MgrC12, O.OOOsr-I BAL. 

Controls 't-/ere run b:rOmitt!t1gltTP or tissue from the tube •• ; 
After ;Ominutos of ineubnt;ton" 6ml of aoid.' ferricohloride 



Golutlon (0.5B B01-.101G FeC~f6 .. !OOA . .) welte addfd to<4ach 
tub$ and (;l bJ:'owa c()mpl.exfot~d ~diato1yt betweell the 
81utatno~xamate ODa. tbl. t •• ~1o· ions, [lhecoloUJ..' \ias 

eG 

%!~tW. ;at ~ against a stanaaJid curve, propared b,tncubatAas 
samplos of gluimmOh~xa.mioac1d ranging ft'O·1ll 1 to', ;waol:es 
ident1ca.U;v to' the ttasu,e sample, as a.bove.samplea W8~ 
run in tl',~pUcat. at t~ •• dUt.1'8nt t,1ssUQ eoncantt'att.ons, 
S1ich runs \</01'8 J1el*a.t;od at leds1.1 v4!ca,.llst;ondtutd curve 
betlngmado \tllth ever, ~., ' 

in, aU the 8DSJ1l1Oaesoradeacl'lbodabOvo excopt GtiS. 
p"et-reatJm.!ntotthehomogonatewlthTx-i:ton.X-100 was 
~ecommeJld.ed. Thls detergent, oot1$1sting Of a complex 
m~ of p017oXJQtb11ene ethers and p9.l:tial anbydridea 
of suga.»'deriwtlves WGGc1e.!med to stiJnU1o.ueenz~ 
actlvi:tiesS 'to 20 fold b7l3al'-S _tal. (1966), b, re1eas1c6 
thea trenD' the sUbcGUular particles, to t1h!qh tho7 Q.ttG 
attached., Ii di1"t'~Of thehoiaogenato triO .. 196 Triton 
aolutton "las 'reco~~edt\ljlth gent'le t.Wdng, without 
ff1oth!us..Rat d oct;opuab'" homogenates 1-fere assa:re4 
tIlth and without mtlt'onPl'otveatment, except; for GNS tiM'" 
It was noi;»ecommen4ed.,. 

f1E~AB.·OL'IS.M Xjy.:LIfIE gCt.l30R.·.·im.·· Agl1~ .. · .v4XO. 
Itl\tlfL 8 "'.1' .QAt" •• 'l:I¥i"~&b4_'1 h'. 

xts,s passible to l11.;jec't oot(Jgc.tS duectl1 into the 
brain cavttw ;just above the ''Vertical lobe. 1. am mdebte4 
to Dttt Andr~w PaCkaz.td ( Stazlo1l$ zoologies. Naplf)s) fo" 
his pet'sonal comntlmicatlon and instructtOlUJ fo!.' this 
,opera.tion, !Che operntol'tes1s 10%1 the l'ldgeot CQli~Uaae 
bett'leen the octopus.n eres .ar.td in3eotsdbect11,. down. 
tbltough the ctu:ttlage tAto -the mucilage above the vortical 
lobe; the site is shOwn UlL"~G, 6. T%!ia1 tnc1eotlons 
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"tora L1ado into dao.cl tmiotlls" than into 1i voonoo, using 
Hcthyl..cna bluCl 0.0 a marker. On d:1.onection~ it \-to.G found tb.nt 
the inaoction 'HElS neattl;yult'lays succoonful. J?or the 

. t .... ) t· ·0· " . 't/t. t o:q1o_~:t.rnon '0; !i{ ·0 ;J) )'UCttr1.0S of U '0 TJ""'c;lutamao tJore 
intloctod in not noro t;han 50/ul of O.9;.~ online. Diffusion 
of l:D.cl;tOflCtiJ.vity d:lc1 occur into tho optic lobe. To~blo 5 
snO't:lS tl10 counts gOing ~ .. nto tho OI;linO acids ot tho ~10 
OI)'b:l.c loben, O~1?~esoec1 an a porcentage of the amino acid 
COUllts ill tho vortico.:t lobo, the site of in;jcct;ton. This 
is seen to inc!toase rUll1dly '~1ith t:lmo. 

Counto in optic lobG amino acids I OOUli,UO in vertical lobo 
aoino acids x 10o;Dt a.t different timos after injoo·l;101'1 of 

1 Jt . 
U ~I·O c;lutnmo.te into the 'octopus. 

Time 

15' 

60 t 

•• ... ......... t, .• III 

Pcroontamo 

4.6;,;~ (2) 

1"18;;5 (2) 
24Q;j (;.;) 

Afte:.:' killi118t tho optic and vertical lobor;; l10re 

o:reiood t'iud !;:opt .frozon at __ 200 tmtil :cogu:tl.'ed £or tho 
isolation UIld detortd.llt\tion of tho (1)(:;01£10 cLctivitioo of 
tile u!:lino aoida, 'by L'JOcu.:tS of: tho automated amino acid 
analysor method Q.ooeribod on page 75. 
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COflP;.nl\1';'TVE FPOPEtlT"r'&, OFOCTOPi1Si\nnR,"rtl BR:~:tl1 ... ,. .u,":=-~;ij~,~ •• , • ., \.,..." ~"·l"'·. ~'i(*' .l" .~JJ~'i WI;t ... • _if •• ~it:~~j ', .• ,~~~' .'._ 

'CO~o.t':tS011 of· . nrota!:n. and .Iluole:to acid content . ...... " .,....~i •. I" 1; ro tl [~ .. ~Ii" . •• 4.,.;;;;;u.. . t .' J .• 1 I,' ., ___ , .ilJ i1 I •• ~ 1'1.' '.' I •• ' 

Tab'le 6 ShOt-iS 't1bG pllotain and nuoleic,aoid. content at 
11ut (md oetoDus b~aln. [110 proto!!'! oontontof the VGt't!.cel 
lobe ia nubstc1nt!allS' lotJe" then.. tbr~ .. tOf 'bhe optic lObal 
tlltta m~be £ttl !t hnsmueUs6eedhoritlg.;o tt. ~1l0tltnOunt 

ofnUbloic a,old.. bastXi, on ltotltte!ght ;e.nQ, p~ote!n contOtlti, 
io (ttiorma four thea ~onte" in tho ootopus brain tban the 
rat bra1r1t: s'tlggestinga Brontei' numbo"of collaot smaller 
siso :t~ thoootOptlS br$~n. ~'oung (19{;:;b) etlttmated'tbatt . 
OWl' 95s6 of the cella 1n thoopt4.e lobe "..nd.ovar 99% Of 
tIle) .(lolla .in. the veXlt!.cal .1obe lItor~ undo,;- 5/1l ill d!ametGtt. 
~1horeao. in thel'ot bram, ceUs raneo from 3(:0 SO/U AD. 
aiatlGtot't ( noaoktll'ltl, 19(3). T'ao RnA/Dt\lA t'at10 18 a1s0' a 
ttooftt1. ind.i~~tion of ceU el!3~,. ,d$1'1 eompar!lbe; .tt:1O pa.rta 
of the bra5J1 in. tha st:Jl1e apoeies,but its value is· Wlcoftu 
:tnestimnting xwe~,t1ve ceUsizas indifferent speCios, 

It is posstblcto oaleula.to the .numbers of o'ellu= 
. tho 11(:)"0110 o~tem. lx-om ,its DNAeontent, whl.ohisCOl'lstlmt 
for all-tho heplo!d.ooUsof a sivcn speoies ( r;,traltV, 
and. n1o~ 19!:Yt). Tab1e68hbWs theestimt-l.tod numool'O! 
0·0110 po~ srtunwot \'Joisht. ~d. 1)0'" lobo£()11 ,tho ootopus. 
l~osum1ng tho.t the va;tlo ,ot ,DNA .!lG'1! nuoleus ·of nlr_ tm4 
Ris (19:;1' for tr~¢· ogu.td issitnUnr t'otho valUG for' the' 
octopus, thoost1Wlt'Od. numboX' of col1s ps!t g,t'let t10Agbt 

is 2 to, 3tit'l0t1 (!;roato!ti11 the octopus 'brab, tJ.maIA 
suggast1ngcel1s ofomtlUor $tze~f !\SSUl1l~ also tbai; tbt 
avoraso \101ghts of tbo opt1o and "Vertical lobos ot 
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Tlt.l3LE G " . cat. L •• 

co, ['!PAliISOI1 OPP,P,",O'l'EIH" IlBD, ~,mOLEIO ACID OOHTEr,Jre,OF" O,"O~01:)US 
• " " ' ,,., ... ,.,,,. I', _ . ,m Ii, I ••• _,. ' • 1 -, It I' t , '. . 

pl?ml;O APD.Y:.x3!\g:!PAL ,T1)Im, AlvJ. _ !lA~1 FDrmI~ • 

ROUSh \1otweiGht 
por norvous 
s3"stom (oloaned) 

l!lG protoin 
per g "lot ut. 

mg RUA/ e; wot \1'0. 

S3 DNA/r:; tl0t ttt. 
mrsDNA/100 mg prot. 

Ratio IU1A/DI\fA 

Estimn tOil no .of 
collo/~ \10t i1t. 

Estimated no. of 
oells per norvous 
a:To,tem~ nourol1O 

glia 

120mg 

97.+3 (8) .... 

5.16 (p) 

:.>.17 (3) 
3.27 
1.6!) 

p •. S2::108 (1) 

. Vortiealloba 
I' .' t ". 

70 ms 

2.04 (3) 

2.1:? (3) 
2.96 

0.96 

2.3?x108 (1) 

8(7) O.25lt10 :; -

Rat cor.t.~~{ 
I i * tt: • 

101 (;3) 

1.58 (3) 

0.84(;) 
0.8;> 

1.88 

1,Z7x108(2) 

•• M jf u ,. . • ... _J" . 'J 18.' I' ••• 

(1) Cnleu, la.t:t,on,' bC~Ocl,'O,n 0.. fi,em,''t'o Of,4.5x1"O-12g Dl:J'Apar 
nuoleus fOl'tho squid ( i'll1rSl~ and His·, 1955) 

(2) OlUoulat:1on l')asad on a figaro of 6.GA40.,12g DUA per 
nucleus for the rat ( Vondrely, 195£;) 

(3) Vnluos forp.c;t0RY8 VUlG~if¥, ( Young, 1963b) 

(It) Humborgor,(1958). 

Soma of tho valuoao.ro oxprossod eo the moans of tho numbors 
of Eilcporimeniis in brackets. and !. S.E.l-l.oln nOIna cases. 



2!. ~fU!M used b~ Young (196;b) in hie ·estimation 
(l.ttO similar to thOso or .~.1rPfionG used her's, 1t la· possible 
to makes tontattvo compariaon: yo~ obtainad e valUe 
of 6; nlUl10n cells ~r opt.to .10bO. or ~tl-OmUlion par 

. gram. aSQGsinst 350mUlion in tho Table, and a value Of 
25 million cella in tbavart1cal 1000 or 536Q milliDn par 

. gram, as agaillst 230 ~ton :Ln the ':Cable. [ue .n.sures 
are, e.u loast, in tho same Ol:dt;,:. Eow#,lwtl t\l¢ method o£ 
cal.cttlution from DNA content gives the total numbe!r of 
nuclei, Whereas· Young (1963b) only ostimated ne1'V(l cells. 
41'1.,1s ~es out a gl5Jal#;. neUXtono.1cell numbor ratio' in 
the order of 10'1, .~ is the case :iJl tho .ret brnin~ 
mha paueacity of sl.ialelemonts in tho,ociit)pua bx-ain bAs 
alread.y baeh mentioned· in cha.ptol? 1, aUd morphOloglct\U7 
sveakUtg, tllt~ optl.o and' yortioal1obas are mo1'e analogoUS 
to. the ganglia ill the 1'a1.1 nervous s:1Stcm ~bhen to the 
eortex. ~e eatimated number Of cells pe~ 'Gram wet ti&lght 
in the Tableagtteoa \\to'U \tlitbthat of l~tunlberge» (1958),. 
bc!ns about 110 millloll nucls! ( neuronal and gUal ). fJ1 
the rc.t coz-beXt 
~()f4~~:~cm._!J!.,,!!ll~9. ~!d ... 3re!G}.R. .'!p" .. ;t'!l~_ epiib .p~J!!!t l1Fn-.,. 

Tabla ., ~bot'ls the levels of the amino acids glutamate, 
IlSP9-.~ate, glutam!.na, alanln, andGAU An the octopus 
b~a1U ·and the .1"&1; cor'bex. I'lan, ostimates of: 1;;11$ valuee 
in ·t110 rat· bt»a1n Grato be found in the litera.turo. and 
the;r are a11111 tbe eamo order.tLboac quot1ed :In tho mable 
nro from O~VG%' (1965), tU1d al?a ocl.oulated on a protasn 
baaisfot- comparis()n \i1th i;he values £Qx-tbcootopus bl'~ 
IlltOtn Tabl0 7 itean be seen that,compared \·;1th tbe. ~att 
tho lovel of glutamate ts btghor. level.e of asp£'rlnte end 
alanine much td~c:her, and that or GABl\ lotter in the octopus 
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TAllTJE·,Z 
.j '. • II 'U 

T--oOL· SIZES OF SOrlE FHE.B AI1IUO AOIDS IN UUII~OmlATED OC!rol?US 
A1ID RAT BllAIlIf • . '.. ' 

Gluto.mato 11; 
Aopartato 87 
Glutauino 23 
Alanine '19 
GABA 10 

$1 '",1 ".' r, 1 I"U w', ... ' .. 

(1) Oo.rVGl', (1965) 

144 
114 

!,?1 
66 
14 

90 
26 
50 

8 
21 

'.' t •• or .- .• I. I 'f " t ,It r ¢e i' 'h. It oM ... 

Values for tho, octopus brnin are the moans of ;) determinations 
in onch cnss, ma.do e.s ('lese21ibad in Ohaptor 2. Tho range 
iLo 1~5, C1:COpt for tho GAllA values, \;1110310 'tho rango is 305':). 



brain.\'111Gl'aao gluto.m1nO.· is s1mUatt in V13l'tical lobe 
and rat corteXt and half thin value :lntheoptic lobe~' 

'1~!n{U3qLj:sr;l £2171 G~UOO~l~r ,ht~tl!lWRP~ 
mho importance of'glucoSSM a metabolio and 

respi1"atoJJy sUbotrate for brain tisouG \faa discussod in 
Oho.ptol1 1. U:b.e I experiments 'of, Beloff-GhaiJl at al. (*19550.). 
/£ollou1ng the fateo! U14C'Slucoso :tn rat brain allees 
'\101'0 repeated. and oom~ea. '~ltll optic and vot"tical lObe 
slices, 
oonoont~at~ CU1'VQ, . .for!!!. UCOAA* I '''''l.........,nl~·. , •. ",..,.,.. .. t~l~ 

!J:he effect of the concentrat1on of substrate glucose 
. on thGox:{gen uptake *002 production \;lBS tosted in rat 
oo~tez slices. Tb.eu \191'e inoubated. til \'rarburg vessele 
with EUiott-BondersoDsnline as described in OhaptG~· 2,. 

';' ,"ith U1l~O gluoose:. r~ tneonoentration from 1mr·l to 
2Omr'1, and. "1 to 2 jl1.ouriesof rac1!oaotivt~ po.1' flask. 
Oxygen upto.ke ,t1tlS niOtlSUI*od at 10 minuto intervals £orone 
hoUt! and 002 collc·cton and. counted. FiSUl:'tQ 1p is a plot 
of oxygen upte.kG and OO~ production against substrate 

. . . t:: 

conoGntvatlon. Ti1;a cu.xrves are roughly parallel, and. the,. 
~ies to apiatoau battleen a coneentrat:tono£ 5 and 1Omr-l. 
Therefore 10mt1 \'IOS choson to be 1;he substra.te concentration 
in all the oxpe~lnlents to £0110\-1, for amino seide as \'1t)11 
aaglueoae. to mall:o compariaon Of results obtained \~11th 
thona d:ttfsJroot Substrates castel', ·thus substrate 
avaUabil~:L7 \-JOule. not; bo a. llmtt1ng factor in theso 
expe:r.'imonta. ROStl (1968) a.lao uses th1s concentration. 
!~10roover Bradford (x1968) quotes th{l mammal:Lan brain'a 
"a.te of glucoso utiiUsat1on ,if\ ~t9. aD beiDg around 

, .20 ;umolea/~' tb.erofot'o tor a. 100 rug a11co in t1t10 bours, 
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30 ;wnoloa . of glucose ~U1 :s ml of medium should be sut£!olollt. 
2men,coRspnlRt1011 .... allft Pr02 ~rlQd;uct!On in. rat, on4 tPxt~le 
br'o.in in vitro • 
• •. 1 •• M. • .. 

Figura 14 ohO\~]s thool~gGn upbaltG tilth time of a 
100mg slice of rat cortex, opt1c and vertical lobe at 
3rfl and. 25°0 rospectively. l11th 10mr'1 glucose. J?ie;ure 15 
shows the respiration of the same tissues 1n the absence 
of substratetundor these conditions. tho slices. oxidisod 
endogonous Gubatrc~tosprooQnt in tho tisoua, andtbe gt'nph 
aho\'1s a non-linear, 01011 rate of o:qn;on uptalte ovor tbe 
tv:o bours. In the prosonoo of glucose 0.11 threo slices 
respired at d.ouble the ont1.ogonoua rute, and. Olr;)1e;anuptake 
t'10Jl linoar in the X'at bt*ain ellcQ though thut ofoctopuo 
brain lovellodaffuttor one hour. Table .811sta .tbe 
initial rates of oxygen uptake 1n tho presenco and. absence 
of glucose. 

1~ABLE.a 

IIlITIAL Rl\IDE OJ;.'' OxYGml UP:l:AltE OF BRAIN SLIOE~S In THE 
l?RE~3ENCE flU) A13SEKOE oL'1Omr'T GLUCOS;g 

• I . I. S. _ .. 1 .• 1, til.. I· • ....... 

• A'If!.ro. ·.leDL1~, .Rrote.· mL!m 
/.,;:::. T .,IP ..... ~ b I 1 

SUl3STRAmE NOl\lE .. GLUOOSE 
• It I. . 1 r ••••• , r • ..,,1 , II. . J • II ." I. n 

Rat oortax 40% 1 (6) 
optic lobe 221 1 (5) 
VC!1tS~cnl 1(1)0151+ :; (3) ... . 

9O~ 5 (9) 
.~ 2 (14) 
24:t !S (4) 

qt. <.'ntr~""'If" u r .r .. 

r~ B~~ll7tJLA~:IOll 
. l I '" . 1 r ." 

22576 
150ij 
1009j 

ox;ve;en uptako \'10.S maasuredmanometricnUyaadascribod in 
Chclptor 2. Values are means·t S.E.i·l. s Of numbors Of 
o~~rtmantG in brackets. • 

·1 
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.Oxygen .. , up.take .. of._brain slices ... --, 

SubstLate_ ...... JO mM __ .glucose .. -----

",r. 

20 

15 

10 

9Q 120 
t mins 

PIGUnE·14 
.' • J " ' • I .. . 

O:~gon up'taka of cr 100mgqliceof octolW' Olltic alldvortioaa. 
lobo~ and rat cort;ox~ GUBSTHATE 10J:JN .GJiUCOSE.'l?oririoubat1on 
conditiol:l8~ soo· qj::larrlier 2. 'Points are tlio.JnQ~lSO~,·3.values •. , 

.I," ", 

. ' 
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10 

5 

_.Oxygen-, uptake .. --------~---­

Jl Q __ s~bstrate ---~'------~ -

t mins 

_ Oxygen uptake of a 100mg. slice of rat cortex , vertical 

an~~ optiQ" lobe at 37° Or 25°0. 

NO SUBSTHATE ; 'Incubation medium saline ( for compdsition 

see text) points are means of 3 v~lues. 

-- ..... -~~." -.- ....... -.-.~.- ....... --~------.- - _ .. --~--.-"" .... ,-.-.':"'~- ..... -- .. -.. _- .... 
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net,"abolie "atta.·rn for ,Gl .. UC. 'ose ... in. tisOU,G all..ceEi. '-" • . .. 11'1 .... I _, aUI I IE I 1I 1'I!fI II ' 'f _ t 1 " • 

Slices oft'ut ,ondootopus bra.in \~lerO oxtn.:'~1CtOd. after 
:Lncubat!on t7:tth U140 gluooso, ondthe counts inoorpol'o.tod 
into 002" ~ac.to.~o ,and amino acid.a \'10ra c1atorminod as eot 
out in Ohaptev 2, uo1ng 1,110 ocann!ns teohnique Of :rjQt'lO 

(19G9).' Tablc9'shous tho'cotmtsinaorporated. :into 
various metabolitos (teto%' tt10, 'hours incubatlon. A simUar 
pattern t1a.e found. in tho rat and octopt1S brain. o::~eapt 
that no 14CGliBA was formod 1n ootopus brain alices; 
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oounts :i.ncorpovnted into products by tho optic 004 vortioal 
lObo wore genorally similar. Comparing the rut ond. octopus 
b~ainon U· protoitl bas1a, incorporation uas gonaro.1J.y 
hir:;hor in the rat brain 1.1!th the important, c);;:coption. of 
alanine \dbieh t'too 5 fold groater in tho ootopus bro1nl on 
the ethel' hana. only ;tro.oesof aspartute and glutamine 
\'lara formen inths octopus brain, and no GtJ3A. Fl{'iUrea 
16.17 and 16 aro pbotoe;raphaof tho.llntot'adiosrapha ot 
the ebroma.to~amr:1(~d ol:traoto of rat cortox, optic ana 
va~t;ico.l lobosliaoo after inouba.tion t.r!tth U140 glucose. 
Inc:Lclontal1Yt talL:'1ine t'1as doteotodby n1nbyclrin staining 
ot tho ootopus bVtlin chromutOSr!tUllG, but it ditl not appear 
on tho autoradlogr.tnpbGand. waa theraforo not moasured. 
Tho t.lbaence ora GADlil spot :to also ahotm on tho 
ehroma.togramo. 

Sinoo tbo dii;toronooa in absolute 'Values may partly 
rofleot tho d1ffol~ent inoubation temperat'I.Utes Of the 
octopus and that'ut bl'Ooin. n truer I)iettmo mf)::$ be obtained. 
if the counts aro e:::proQoad as parccntn{;Gs of tho total 
glucoso roc overed asmotllbolttoG, thus eliminatlnr:;thio 
effoot.. ~nble 9£JhOt'1s that only ,11]1 and 8S~ Of tho total 
glucoso oounts t,10l~e racoverod as prOducts in optic and ' 

L--________________ ~~ ____ _ 



,WAmft 2 
,IIfoonpOHATIOti OF U·14·C GLUCOSE I1ITO PRODUCTS BY SLICES OJ]' 
OOTOPUS OPTIO AND V1~llTICAL LOBE AliD RAT CORTEX. 

OO~ 
G 

laotato 

Insolublo 
resic1.ue 

Glutamate 

alanino 

aOlJWtate 

glutamine 

TO'tal counts 
rocovorod as 
products 

OP~IOWBE ' 
II . do l' $.1 'J • q 

688!G8 (12) 

7340+24l~ (7) .. 
43±11 , (7) 

806+1!)7 (7) .. 
1810,~~352 (7) .. 
trncos 

trGCOS 

V.EHmIOAL LOBE 
, .t· I' . I 

611-5:94 (1;;) 

!i710j;170 (5) 

611-+20 (~) .. 

traoes 

l;~aeeo 

n.d.. 

6770 

24240 

49 

2324 

316 

., 
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SlioOB ,of rntand. ootoPU$. brain l'lereincubnted for 2 hours 
at'S? end 2;;° respeotlvaly., and the produots o~::tra.ctoc1 and 
determ~odas dosct'ibed in Chaptor 2. The subst-rn1io \llo.a 
10mt1 U 0 GLUCOSE. 
Valueo oxpraooGd tUl, tho t1qons of tbonuobors o£ ojq?arimonts 
in brael~otat + S.E.S~l.S 1 in tho ca.se o£ the octopus. 
Valuoo for tho rat brnin are tho means of l:... tho ~anGobGing 
15i~ • 



FIGURE 16 
Autora~iograp~ of ~hr om~~~gramme~_ ~x£r~c~ o~ OPTI C LOBE SLICE 
after lncuba tlon Wl th U C GLUCOS~ " Or 19ln J_S at top left 
hand corner. gluc = glucose , lac = l actate 



gh~ , 

F I GURE 17 
Autoradiograph of chromatograffI~ed extra c t of VEHTICAL l~OB:E 
slice after incuba tion \<Jith U C GIJUCOSE .. Or i g in is at to p 
left hand c orner . g luc = gluc ose, lac = l ac t a t e 

p . 1 00 
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FIGURE 1 8 
Autoradiograph of chrom~Uogramme d extract of RAT CORTEX SLIC 
aft er incubation 'lith U C GI,UCOS~.2.. Origin is at top left 
hand cornero ~luc = glucose, l a c = l acta te 

p o 101 
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'J!ABLE1Q At 9. ' 'I 

PERC:B)nTAGE OF U
1l

}C JJABl~L"nEOOV:r:~HrrD IH PHODUOTS i\1?1~~R 
I!1CUBATIO,'ll OJ]' T~.ti.T ll.HD OCTO,', l?T,UB DI1AI,H ,fJItIOFti3 }lITII U '0 GLUCOSE • "'!Iin"" r " b ,! II r ,t " ,I ,II J~ • l' .* I ... ft .. ,I,. I r',' L , j it • fl, rib. 44 " 

wocluct 
, ... tiiir. '", 

00 
Lu6tn.ta 
Total amino 
acids 
glutamate 
alanine 
uooor1ia'tia 
Glutamine 
GADA 

?'?J 
65 

26 
9.5 
17 

, Jt.::I' til! f ""." If '~ '~' ~,." I Ltr " M" , ' I I .' ''::¥ 1 !i!ue VU.J.ues racorueu ;ul ~nlJ.l.e ;J wore OltprOSfJOo. o.f;} n 

19 
66 

15 
7.0 
0.8 
0.9 
2~7 
1.2 

];')()l:contaga of tho total counto tz:ransfOl~mGd into products. 

TABLE 11 ,.,.. t. , ... 

OOrCfJARISOn 0]1 :mm r;1ETADOIJIO PATTERN OF U140 GLUC08E IN 
P4AT UPJ\IU AFT~E:R ONE "I\HD Tt;JO' ,OURS INCUBJ\TIOH 

oountst: n!G J?potOin L 10 oounts.....zlucose 
.. 'I' " h ," , , ... ~ ., , 1.2' E'" I ,"our' '< 'oura 

__ 1_''_ .. r.' ___ ._.' ____ l.j_.~·_'_,t_1~t __ --__ I!,_'.'_ . ._' ________ r~'_'-*-',I--.. -f_''-._I __ , ___ U __ _ 

CO~ 
c.. 

laot~te 
gluttUllat10 
alanino 
o.spartate 
GAllA 

Unclla.~cd gluoose 
malice 

3lt{)O 
7700 
1150 
190 
167 
220 

6770 
21t240 

2;21.1* 
;116 
31B 
It·24 

• 1.! 1 .$ .' •• 11.'... .* Ik h 'J,." "t' ,oft ,'- "'1"'.' ' ... ·r .. l 1.1 .' .... it _~ __ 

. t • 

Rat bruin slices \'10re :L.l1ctlbatorl for two bours no dosc!'1bod. 
in Chapto~2., Data from Cbain ot 0.1. (1969) for ona hour 
inoubation, usingoubatrato of oimilar Sl?ocifiO activity 
to that for two hours. 



ve~tical lobe respoctively, compar~d. t11th ?)!3$S in rat bra!n. 
Table 10 ShO\:10 that on a percentage basis, :tnoorporation 
into lactato ancl 61utamata t1aGoimilar 1n octopus ana vat 
brain; optic lobe and. vortical lobe co!) t:Jore :'1l+~~ end 

G 

;;8% of tho value fo!' tho rat, but the total amino acids 
1n ootoPUD brain uerG double tho value in the rat brain. 
t,llllis ('l:LfforoncO tItlO clue to the incorpol,ation into alanine t 
20 foldhigbor in. .t,be oc.tol)U1J brf.1:tn. 

It :1.0 1nto~Gcting at -tihia point to comparG tho valUQG 
for rat b:C:1in in Tublo 9 lilitb those obtained by Cl1ain at 01. 
(1969) for on.o bOWJts inoubation (To-blc 11). ~1Jle :Lutter 
gonaroll:v ~o around half those found. for tt'10 hours, but 
only traces of' unchanged. rll.t1:f.oa.ctivo Glucoso ~o found 
maida tho slioe after ono hourI aftor tHO hours this 
accumulatod to around O.5~6 of tllG total substra.ta !n the 
medium. '11110 lo.ottttevaluoG wore not comparablo on tilO 

sama basio, a1nce lootv.te'1aa co.lculatOt1. as tIle sum of 
iihut in tho slico tmd tb.o~t t'lhieh hail diffused into the 
mediuo. in eonbrast to tho ammo ncitlo uh10h did not leDk 
out of' the sliceD, Drndforcl (1968) pointed. out that thO 
total lactate proa.notion .1,,'1 y.1trOt'1a.a dopondanton tllE) 
slico to tloclium volume ratio and. this !'lould appear to bo 
tho case bore; the ratio Of lac tat a COtmts insiue enu 
outoic1o tilO sliQo l10Dged hom 1/3 to 1/10 in theDe 
e~tparimontSt thouGh tho total oounts as ShOt1n in Table 9 
did not SI10't'lthis varia.tion. 
Snocifio. aetivit:tooOtl. d Ponl s1zQsof om:tnoaoido. 
I '" 1 11 ••• '''', I , I .= I· . .. J Ii:i' nt . ... II. t 1111 I. I. 

f31icesof rat t),nd octopus bruin \'lore incubated. \11th 
U"14·0 glucose and tho spec1f1c actlvi.tieoof tho v..mino 
acids formed determined Moet out ill Chaptor 2. ~~able 12 
shous tIl0 specific £:lctivities or the om!tn.o acids compared 
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SPEOIFIC AOTIVITIES OF FREE At'lINO liOIDS IN RA~(I AIID OCTOPUS 
BRAIIt. SLICE-S AF!I:BH InOUBATION l'lITFI RADIOACTIVE 10mI1 GLUOOSE 
.. , .,. I ,., - ••. . I,', I • , •• '. • oJ ) F 

D~ak!t/mWLmfumOt~e 
Alii· .tlIlrlO, AO!'l'. . OP~C LODE . VERTIOAL roBE P RA~ CORTEX ~--. •• ~ ~ I . ~ !, , t. ... ! '" _ .. . t I . • ·f 

Glutamato 
Aspartate 

Glutamine 
GAM 

26.12 (11) 22;.!;.3 (8) n.a. 199!;>;; (6) 
5j;.1 (11) 1~5 ,8) <0.01 ;185;t46 (7) 

4O'i~2 (11) 34+!S (8) n.s. 115+29 (6) .. '" .. 
45~}2 (4) ~~3+18 (3) n.a. 195+20 (6) 
. - - -
n.d.. n.d.n.s" 174.,-45 (5) .... 

• r ........ F' .T' • J * t I •• 

TIlBLB 12. 
I • 

POOL SIZES OF Fm~E AI'IIHO ACIDS IN OOTOPUS AIID RAT BHAIN SLICES 
AFTER II1CU13ATIOIi t~IITH 10mt;i GIJUCOSE 
••• m _ . I. ,nnJ_t.· a.'n ..• 1 .• ' 

Ar'lIIJO ACID 
,. '.' " • Of. A 

OPIDIO roDE VERmICAL L01I8 1) RAt.!: CORtr!EX 
J ,d)it 1t . .. J •• j t. . I" If1 .. .. W J u ....... til t,. bl ...... F ............ 

Glutamate 
Aspartato 
Glutamine 
AlaninQ 

GPJ3A 
I. tl 

124;!;:57 (1l~) 

44-r13 (12) .. 
2l~'r3 (12) 

~ 

93"1~15 (111-) 
IM!o 

n.d. 
..,- . , 

92-i,,16 ... 
75=,,.18 ,.... 
29+l } 

IIIIit 

98+8 .. 
n.d. 

r II 

(8) (0.02 130.t29 (9) 
(8) n .. s • 36~13 (9) 
(0) n.,s. 120+1·25 (9) l.J -
(8) n.s • 59+16 (9) .,. 

n.o. 57+21 (9) -
e .. , I 

1_ 

Slices of octopus optio and vortical lobo and rat cortex t10re 
inoubated. formIo hourn , and tbe pool sizes and specifio 
aotivitios of tho £rooamino aoids d.eta~a1nod aadoscribad 
in Chapter 2. Tho substrate 't'las 10m.N U C GT~UCOSE,of 
spocific aotivit~ 1000 dpm/m,umolG • 

Values Ol:p17Geced + S.:E;.N. of ntL'l1lbOrs of" o:::parimonto in 
braekotso n.d. = not detected, n.a. :; not s.ignificant. 



--.- .~- - .. _--- --.--.. _- -. -"'- - --_.-- l 

to a .. substra.te specific o.otiV~:L7 Of. 1000 (l:ts1nt/m1n!10-9 
molos.· Tabla 13 lists tha lavale oftbco~ amulo ncids 
in·the throe' tissues' after-inoubation. Tho pool si~G 
values'ara lsas than thc1:r.:t tru~ val'ucsoinco ifJolation 
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of! tho amino e~c:td.o trutOS plo.~o :in OQVOl?oJ. stago$ no oct out 
in ,Cho.ptor 2, tl.'1dsOne is lost ·at· eo.oh staGo; hot-Jevor 
thiodOSS not atfe6t tho spoe1f!o o.ot1,\11ty vo.luesor the 
oomparison of the pool o1~eo undor ~1.1£fcront conditiono, 

In tho rat bre.Ul tho specific netiVitico of glutamate, 
aspartato, glutamin.O, alanine-and G.AB1\.· uere all :tn tho 
sumO order (Table 12), o.l?ound 10 to 2Oj~ of tho oubstra.tc 
speoific activity, that Of aloninc bo5.n.e; tho 10Vlosi:;. 
ny contro.ot in tho ootOplW, Sl')Qcifio activities \'10re 
generally undor 5f:j that of tho substrate, and tbio is 
compatible lt1ith tho lOt'l~r rata of metabolism snd. ubsoluto , l 
rate o:l 1ncorp(n~e.t:1.on of' U1 "c gluCOOG seGn in the provious 
Dcotion. HO\,10vor tho specific actiVities of the runino 
neida shottJedmo':'G v~iation in value compurcd t'lith oach 
oiiher,. than in tbo caso of rat brain 1:1horc thoy l:JorG all 
sirJiiar: that of, alanine "zas 1~he 11ighost in both opt:tc 
and~ vortical. lobe. eJ..an1no und glutamine \'lore higher than 
glutamate, o.nrJ. a.spartato was lOl.'1er than glutamate. Tho 
specifio activi~ of aspartate intba vCl'ttical lobe tlUS 

four titles thnt in the optic l.oba. 
lJ."11oro \,Uloan increase :in the levels of trhe nm1no 

ttoi8 .. r~ aftor incuba.tion "1ith. glUCOOot COml)Ored t'J:ttb tIle 
unineubatod levels. Table 14· SbOl-IS the ratios of. these 
vo.l.ueo to facilitate comparison and 1;11'0 estimation of 
i11orooSoo oX' re<iuc11ion of tho lavels after ifleubntlon. 

In ,tho rat, gluto.mato and aspartate levols ~1cre raisod 
by around. I.tOSs, glutcJrline antl 01'\111\ lovels by nbout 15(9) und 
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LBV:ELS OJ? l?REE At'lINO ACIDS I!:r OCTOPUS AND nA~: BIUtlll AFTIDR 
rHCUDATIOr~ UITfI 10mB G:tUCOSE 

~.~ ___ · •. ··_._' __ -t __ i_· ____ ~._._, ___ ~._,N._ .. _'_.~'_._' ___ '~_'~ ______ ·_._· _____ ._n_. _.~._._. ______ ~ 

•••. • lI 

Optio lobe 

Ve~ctical lobe 

nat cortex 

GT..rlJ AS!' 
-.'. • ~. ' r $[ t If 

1.18 

o.6t.t" 0.66 1.'16 1.11{3 .. 

1.1+l:" 1 .• 38 2.l I·O ?ll.Q 2.70 
.. . r -, 1111 •• ' ill • ., II t' , t t II I .: ..... ' 1' •• _ . 

Valuca of pool sizea n£'tor incubatioll t'1ith glucose, recorded 
in Ta.ble 1~, calculated as a fraction of' pool sizes be foro 
incubation, ttocorcled. in Table 7. 



tho Q,lanino levo'. coven times.. Ineroaoas "lore not GO 

marked, in the ootopus bt"o.in 1:1here they ocourred. t no par tata 
lavalo \'lera reduood b:y about half in both lobes, as \1M 

vertical lobe glutamato. Tbo lat'goot :incrcaoos v/ora in 
vertioal lobo glutamine and alanino. JJlle sflln11 D.LlOunt of 
GIU311 in unincubated ootopus bI.1uin droppec1 to levels bolot1 
dotection aftor incubation t~1ith gluoose. 

t'm,1,'~TA130:rJIE1H, ,O,F Gl.UTIlJ,-;lATE IN, VITRO,'. ~_ ~r r I __ fAIl •• "4." ............ , ' ..... _,iii • r . 

ThG proportios Q;i?gl.utanu.lte in COlll1oct:lon with brain 
metabolism huvo boon disoussed in Chapter 1. It iEl of 
interost to study its m~tabol:1am IW~~ horo, as it t'lS0 

s1101'11'l to bo mado from Gluooso by ro:t o.nd octopus bt'uin 
:olicos in tIle prov1..ouasoction; !3Glo£f--Ch~in at a1. 
(19~5o.) .found that rad.:lonctlvo glutamate appoOl.'ed in l;;bo 

ratcovto~t slice after 011151' threomttnutes incubation uith 
11* . U "0 glucose. 

OlQ\Ciqn, uRtal:e. opel, PPe 2ll,odu~:bi~!1. 
l~iC;tl!rJco 19 and. 20 OhOt~1 tho o~t'Yeen upto.Iro of rat and. 

ootopus brain olices \'1tl:t;b 1Omr1 glutamate, and. t1itb 10m!'1 
glutamato '*' 10mI;,1 glucooo. Grlutrunato stimulated tho 
rospiro.i;ion of rat brainslicos above tho ondocgenous valuo 
( comparo £iguro 1 r; ) aodid gluoooo ( oompare f"iguro 14 ). 
but 'tlJllil:c glucoso, did not maintain e.. linoOJ1 rate of 
respiration ovo!' t1'JO bours.Tbo uno of gluoose and. glutamate 
ao oomb!necl substratos ( flgW1020 ) fJUPIX)rtGd. a rospiration 
\1bioh t-l0S identical to that 1;lith glutamate alone. 

'lbe ovorcll o'tNQ;cn uptol,e of vOl"ticul lobe slicos in 
tho presenoe of glutamate \:10.0 1000 than that t'1ith no 
Bubstrata at all ( compara figuros is and 19 ), and t'lSS also 
idontioal to tho roopil-ation Gupported by gluoose and 
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. Substrate .IOmM. glutam.ate 
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}JIG:U'p~ 1.2 
OXYGon uptake of a 100 roB sllc.e......oL.octo.rAtO optio ·and ' 

----'-.....,"n:.e~iJ".·rt!ttcnl:'"l.Olfet-alld-:r.n"lt co3;.ttex. SUBBTRfJ.TE 10mn GTJUTAnATE. ' 
For incubation onnc1itiona', nee Chapter 2. !It I)oints are tho 
means of tbrec1values • 
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._Oxygen uptal<e 
Substrates IOmM glutamate .. ·" glucose. __ .. ~ 

?O 
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o 

OL 

/ 

._----.. --·--· ... a· -'-. ----Q 
0'---(;) 

-'" ____ G·----
/ _ (;) 

.'...__0 ----- --_. _.-_._-- .. ,. 6: .. _-_ ..... _--------)( ....... .. 

FIGURE 20 . ' ...... ,. 

Oi'=ye;Cl'l uptake oJ: a 100 mc; slioe of optic lobe t vertioa.l 
lobo, and rat eortmt. substrates 10mr'1' Glutama.te + 10mI-l 
gluooso. lror Inoubation conditions, see Chapter 2. 
Points ore tho oGans of three va.lues. 

-.'" .. '-'~--... --~-.- ... "' ..•. --.-~.~-~.-----
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glttte.ma.to togotho~. This in effect rtleCllt that afi(lition 
o£ glutamato to Glucose ~oduccd vertioal lobe rospi~ntion 
W- yj-jirJ10. to one quarter. tho val~e t compared to tho 
situation \1!ttb elucoso alone. Itl cont:r.oot~ Glutamate 
<11t1. not support in the optic lobo an o:;=Yf¢sn upto1:o hiGhott 
tbp..ll tho oncloGonouG vall10, but glutamato and Glucone ." .. 

. togother supportod c~o:}~gcn uptako similar to Gluooso al.one. 
Tabl.e 15 l~.(lto tho ~~!t:ta1 ratos of o:t:Y'Gcn upteJto of 

rat and octopus brrd.n, with Clt\oooo or Glu1;e.mo.to nlonc or 
no combined Gubotrai1OfJ. Initial ratoD ct'tc hiC;host S.n tbe 
rat bruin, und hiGher in the optic lobe tl1an tho vertical 
lobO • 
. r·le*tp:p.o~}.~. J2£t1lto;'ltS1 Cil:u.j;~P~_A!\.~r~tnt'o,. 

Tho inoorporation of U ~C glutotlD.to i1'1 V:!.tro into 
..-- • I "I' 

:products by tho rnt eorto:-e slico hao been otudiocl by 
Hell:tnc;ol' at 01.(1962) t o.nd Roao (19683) atl<l \,IUS not 
repented. Roso (19686) found. tllo.t tlle la.bolled. produots 
formod tIore, in ordero:f: labol1~= 002' aopartato. 
glutcunine and G.Al1A.. Luctate and alanine \'10rO not clotcctod. 
Hith tlud.ed 10mt'1 gluooso, -!iho pattern '1na oltanged.. rOtJor 
counts t'lont into aopt .. ll:·tato but more into glutam:L'lo, In 
contrast" sel1inecr ot nl. (1962) found tlle~t ad.t1.ition of 
u...'llabollod glttcooo o11e;htlyino:r:co.sod the fornatiotl of 
.14.00,", no \'1011 .nonon-..laboll.ed. ao!), though tho other d.ata 
~. ,* 

tI0S in o.~eotlont 1:Jiththut of nODe (19GB.b) 0 fJ:ho dl'Op in 
nspo.:utate tlaS oii':pla:Lnad as being' dUG to 0. stimulation 
of tho production of ATPby tho gl.ucooo, 't;h!oh acooleratod. 
the ratoof o~ddo.tion o£ .. aopo.rto.te and c;luto.m~;te to CO2-

Table 16 shoHs tho 1lJ.CO ,:> production by ootopus ol'ld rut 
G 

b!!ain slicos incubated \~l:.ttb u140 glutamate in -oho prosenco 
1l~ 

and D.bsonoc of Glucoso. The slightly hiGher ~C02 production 
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TADL1~ 12 
• I '. 

INITIAl! n .. l\TE6 OF OXYGEN UPTAKE IN ,HAT JtN1J OCTC)]?US BRAIN SI,:rOES 
" .... )"." •• ...., 1 • i fl, • , * 'b •• 1" J." 1 ... 1 • •. po.« : .1.. ~ IP L." ,. $.~ '; t 

10ml"l substrate ,Uf'101oa I 100 r~ei protein / hr 

Glucoso 

GlutaID.QOO 

Glutamate 
.. }O glucooe 

none 
, n" II. i L • I J R ..... 

op 

34~1·2 (14) -
27+2 (12) -
30i1 (8) 

22+1 (5) -

24+3 (3) -
21+1 (6) -
17+2 (7) -
15+3 (3) - _tilt-

ram 
f '... w, 1,1 

e~.t5 (9) 

81±3 (9) 

87+5 (9) -
40:t1 (6) 

Oxygon uptakot'1D.O measured in ootoI)US optic D...fld vOl"tical lobo 
ancI rat aOI*tex alicoo, as doscribod in Chapter 2. Valuos 
arc tho means of numbers of e~!:Derinenta in braolrets, 
-l' S.E.l'1.s • -

Cooubsurute 
I • 

none 

10rnrl 
e1ueosG 

•• 

!J.lABLE 16 ....--....-. , 

OPTIC LOBE , " VE~H~~IC1\1, 1J)BE RAT B'~~Aln 
• '. I I . r '( ••• ,.. t .4. • 61 r ~ • 1 

850+155 (15) -
lJ.5?+ at} (9) -

' •• ·Ti& .... f¥'l1 f 

726j;,252 (6) 

14l"+1~ (6) .. 
:Sl.~80+2?O (6) .. 
3700+205 (6) -

U.. I ", ••.• , ......... '. • .. 1M .. ~. 

octouuo ana rat bro.in slicOD \'101'0 incubated \'Jitll 10mr'1 U 140 
Ef~.utamate .. in ~l1o presence and absenco o~ 10mr~ Glucoso, anel 

tco..., prouuctl.Ol1 nco.surod 0.0 tloncribed an chaptor 2. 
R08Uits ej:~esocd ao means + S.E.l'1.s of numbors ofexparimonto 
in b:r!ncl~ets. -
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in tho pI'csonco of. elu.cooO in tho rnt bra~..n tl(5!'oos l;~ .. th 
Scllinc;o:t' at al., (1962).. In tho octopnD brain t;ho [;;:ttutltion 
t'lao l'cv~rse(1, ud,d1tion of. gluoose rccluOetl tho inoorporation 
of 14.0 ill't;o 00-:";1 by ho.l.£ :tn tho optic lobo, and by f'OlW 

¥..;. 

fiftho' :.in -bhe vort~.co.l lobo: tihorc;to!Oo, if). coni;!'tlst to 
tho rat bruin, Melod glucose did. not stimulnto iihc convors~on·.:; 

o-f' r."lu·~"arJ!"1tf' into cO ....:,;~ ut.. ~ .. -'. .., 2-
,f}oocific actlvitioo anc1 '0001 sizes of free e.m:Luo acids • 

• t. • ft ..... ' ...... ~ • ., ..... *'\'iR .•• 1ft ... .• .od -..tt "'f*'.,., .. *1'. U • '0 r; I.d 1" J 

:i:nbles 17 to 20 sbch'l the opocifie e.c'(;iV"'lt:1oo ('otlti pool 
oizes or the fr-co omino· aoid.s o.,ftor incubn tion t:]S.t;11 U 140 
Glutrunate 1Jl tho presonce and absenoe of Clucooo. TO 
l.mdot:stnnG. tho results it is naccsoary 1jO moke several 
compr.m:toon1J, bot"t'!cen tho three t:l.sDues for a oincrlc 
substrato ~ and bet"t10el1 the same tissuos u:1..thdiffc:r.ent-
-ou1)st:~"[J.tos. 

Hith U140 glutamate at.) solo oubstt"uto$ opecific 
activities of th¢ other oJ!l!no ncicls \-:01"0 Genera.lly lOtrl0r 
in tho octopus b"o.:!.n tha.n the rut brai..'l, prooumaT)l::r beonuso 
o.:Z' tho reasons diseuonsd out'lior for tiho case of r;lucooc, 
i.e. tho olo1'1cr ~o.te o:t metclboliam in the octopus. bruin., 
'J:ho specifio nctivity 01' asp:=::urtato He.S the highest 1..'1 all 
ooseG. In tho rat, tha.t o£ GABAtr1Meqttal to aspn.!f:tate t 
cmd glutonino \Ins half thc.tvo.lue. In tho octopuo, glutamine 
(l1ld GfLJl~ .. were bot1l1eso than aspr.crto.to. (Table 17). Tho 
glutamine specific activity in tho o c'-copus , \'10.0 oioilar to 
that dc:t?ivod. i'rora glucose (Tablo 12). In the vej7tica! lobo 
the specific. activS:ty o£l?J.onine '-1M oimilo.r to ~thn,t of 
glutamino, tLT'ld eiGht timos hiGh~r -huon in the optic ) .. aha .• 
1:!nore it oqualled. thttt of' QA13Ji. III the rat bruin the 
t1poc:ltio tlctivity of alanine 1.11Mthc lOt'IG(rt or tho enina 
acids .. 
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SPECwlO ACTIVITrill OF PltCE AHIJJO ACIDS IIi OC~!01?US AND RAT 

DUAI!l Phfl!OF::3AFTJ~:n .. II1CtmATIOIl \'I!mr:t u 1
1
"0 GWTANf$,TE 

.... Tn p .OfI'"IIIF .r.. • • .. , 1 .......... « . q,.. ,r *!11' .............. r . .. ..... !i:...-.r •.. i . it .. Ii. '. 

l{.i~lp.timfl.pL l11/11PplrP 
Amino acid. 
• . I I f' , IOl?t:!.c ... ~o".elb' .V~.JJ:t,ico.l~ .. ls>1>p ,r ,R.!l;t. brain 

1000 1000 1000 

141!,40 (11) '1;;2t31 (9) ,n.a. 618180 (8) 
Glutam~G 52~2 (8) 36±8 (6) n.s. 357;.t1l~O (7) 

6~.5(6) 48;!;,11 (6) <0.01 104:,:40 (6) . Alanino 
GPJ3.A 9'1·3 (3) 20+10 (3)n.s. 730·.·260 (8) ..- .... 
* •. , I I' , r·· f 1 ..... " 1 t -,", f ... I. ft ... It r r t1 • q 

mn13LI~18 
II I 

POOL 8IZES 01? FHm~ At-1I!~O ACIDS IN OCTOIJtJS AnD nAT BHAln 

A~;TEn INCTJBATION \~JITI1 10mB GrJti'·~~Ar·tf\TE 
, 1 ....... r' .. MU' .•• 11 If • 1 )f r '. I t' b'.. ]IN....... 9'" J Is: 

Sl/;umolpsLer" ·111'ota:ln. 
Am:tnoaeid . 

Ft. ~' .. 1Ii,,1 1 • P.121;io. ,loj:>p. 1 4 v.apti .. o,t11 }..obp p 

Aspartato 
Glutamine 
Altt..'rlina 
GtU3A 
..".- ·.at It 

14·1~2? (11) 
;7+6 (9) -105-J:11 (11) 
811 (3) 

204;.39 .... (8) n.o • 
61·f·11 (7) n.o. 
~ 

160+:;2 .,... (8) n.s. 
19-!·4· .. (;l) (0.01 

1r . 1 

tC • tn 

Rat hra:t:l r • ., 

189+54 (9) -117+33 (8) -8S·r;>O (7) -80,130 (8) 

81100s of ootopus. optic and vortical lobe ttnd rat cortex lilero 
incubatod and poolaizao a.nd 0l)ecifio activitieo of tho froe 
amino uo1o...s a.o1;erminod ClS clascribec1 ill Chapter f~. 

Subst:!o.to 10m!-1 u1t~o Glutamate. of specific a.c~l;:tvity 1000 dpm/ 
ID/uuole. 
Rosults e,:r>ressad. as means + S.E.H.sof numboro or eXperiments 
in brucl;:{yl;s.n.o. = not Gignifiaant. 

... 
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!l'AB.LE. ,1.2 
SPECIlrIC AC~~IVITI.EH OF F!rEE AHII10 ACIDS In OCTOl'=U[; A!ID PJ~T 

BRAIn SIJIOEt3AFTEH 1I1CUBll!!:IOH tilTH u1L-l-c GLUTAI-Ul.TE In THE 

fJ!lino aoid 
If. . J • ttl. r 

D, iSinttmtnLP,' umolo u f' 1 • ,. '_'. • Vn I •••• r 
. I • ()Rtri.~ )tp,bp,., .r f ver;i;.icfJ;l ,lob~ "'.2 I Hat. PI'fl1A 

1000 1000 Glutamate 
Asparijutc 

Glutamine 
1\ 1 ul1ino 
GADA 

82,±10 (1~) 

(12) 
6'1·0,.6 (12) 

1000 
195;:;3l:' 

!.51+8 
(6) <0.01 ll-83+63 (9) -

.... (6) < 0.01 1}50z116(9) 

~ 
5+0.6 - (6) n.s. 644,16 (9) - ' 

(4·) \0.01 590!190(9) 
_.if.....) . ,t ." '* '. .. .. , ..... '" "IJ i H. q' ar , ....... "11cJ ,r 1 " 11 "d • f." ,.LA , .'" II r f 

TABLE 20 
':,.' 1 il] 

POOL SIZBS 0]' rR.BE Af'1IHO ACIDG In OC~OFUS AIU) RAT DR..~IU 

1\F~'ER I NCUBll, ;!.T!0IJ \11TH 1Omt1 ,G,-LU,T.t~.r':ATj~; "l GIJUCOgE " •• * ... ' I .,. • ~, f" 'F F 'It'",. ttl''''.'. 'r ., jt [. '~NI.. .. WI It '... • ••••• r~ ..... _ d * ..... 111'1 • 

Am;\no acid 
,. .1 tt II 

AD Dm:to.te 
Glutamine 
Alanino 
GADA 

l.~ 1 '. I 

JA}}lD01?"olB.r.:; rreo.tfJ.¥! 
,pptio .~ope ... .V;Ql.~t:t~o.l lpba. p RPit •. br~~ 

150+1~ (6) 19~+29 (6) n.s. 124,..1? (9) 
..... - -

lr·?t.8 (6)101,t22 (6) n·.a-. 115%25 (9) 
2;;O;t28 (12) 196;!:25 (8) <0.05 ,91z20 (9) 
n.d. 86t26 (11-) < 0.01 ?O±16 (9) 

" . 1ft. , ...... , It 4' _.. '.. ... tUb .U • 

Slices of ontic and. vertical lobo and rat C'orto~: uere 
incubo.ted. and specific activities and pool sizes of the free 
nl:rino 0.0i(10 d.etoI'rJincd no described in Charri;er 2. 
Gtl.hotrllte 10mr'1 U 1lt·c Glutamate .,. 10mH Glucose,. 

I I 

Results o:}:pt'os:=~e(l as rnCOllS a-slI:E;.r-l.,.$ of nur.abers of experiments 
in brackots. n.d.. c no·t; dotectod. n.s.t:: not significant. 
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Tablo 19 lists the spocific activltieo of -tho nmino 
neicl0 obtc:inad \':ith gluooso as cooubst:r:n.te to U1l1-C 
glutamato. ~:b.o rolatiivo specifio act:i.vit:tos or ,{;110 amino 
acids \:701;0 not :-11 to!Jo<:1. t oxcopt that asparta:(;Q HoO rod.uoed .. 
Tablo 21 comparQ3~ tho Vnltl0S in tho prCS0r:1CO and absence 
of glucose, O11cL only in tbc ease of ve:r:t:toa1 lobo alanino 
triaS thcl:C n r1~.cn:tfieant, ten fold reduction of specific 
acti,,-it-y by tho ndcl1tion of Gluoose. Table 22 compareo 
the pool sizorJ o£ tho ~.mino o.cirl0 £0 rood. from 10mB 
glutomctto in tho pI'ooonco oJlclubscnco of Gl.ucose, CllU 

Tabla 23 "bhe pool sizes o:,:p~~ooscd as fractions or tile 
un~1cubnted values. Oompnrcd to proL~cubntion levels. 
thopctol si0en or tho amino acid.G aftor i..'1cubation "11th 
1{')mt'1 glutam::tto t'lOttO alteretl ao £0110\'10 ~ 0.11 '"t;ho amino 

nc:i.do t-1c!'c,hirsbor in tho rnt brain aftor incubnti011t 
nO\inbly DJJpnrtate ena. GADA, incroased 7 roid. £lncl 4 fola 
roopoetivcly. It! i:;hooetopu..o, the hiGltost l-'1CI'00Se Hns 

ill ,rOI'tical. lobe alan11:1o, l)oing 2·~timos rO.ised. Ad{litlon 
of 10ml'1 c;lucosa to glutamato as Gubst:!?uto CD.uood. a 35;~ 

(trop 5..n the levol of aopn:.:-to.te, 011(1 it t'1oultl soeot ao 
GallinGer at 0.1. (1952) otlggeot, to be clue tiO ~lihe (lotion 
of elueose in promoti.nc; tho oomplote o:cidnt:i.onof c;lutnrluto 
v..nt1. aspt?..rtato.. %!Jlare \'10,0 no chnngo in -b110 lov'Ols of tho 
otbo~ (tOlnO acit1..s. In the octol?US l)ra.:i.n, the optic lobo 
ru.o.n!!.ne lovol \!jO.o doublo(l, L'U1d in tho vort~ical lobc t GADA 
\'lns rt1iDOd 4 fold. 

For tbe salto of 010.1'1 ty, ~enbleo 21 Gn(l 22 '-1110\'1 the 
rOGulta'~ nl::oQ(li1" ohOtn1, for compnritson Of 1.;ho opecifie 

1lJ clctivitios and. pool. sizes ~J1th U ~O GJ.uta..TJ.uto t1ith and 
uithout o.tldccl gl .. ueoso~ togethor t,;:tth tests of oir;nifica"1ce. 
The o~ll~t si~iricont differetlOOS ( leastban 0.01 ) \,rere 
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COl'!?ARISOH OF TIIE BI-''EC!1?IC ACTIVI~IBS OIl THI~ FFE1l! AHINO ACIDS 

IN OCTOJ;"lU.8 AnD Rf~T BHADl SItICE.S, AFTE11 IHOUBliTIOIl l'lITH 

u140. GLUTAHATE •. , IH. T.nI~PRBfJEHCE on !11~3EIJC .. l~ OF. GLUC.OS. E 
I • J. 1 b tIS', •• , n " • ., ,: n, • • .". • .• ., ~ t :,... . 1 

O.:pTICJ:SOBE 
I , ......... 

l .t.. • g u ~ara:t.na 
alanine 
GfiliA 

VFJ~~TICAL IIOBE 
,. • F 

aoparto.to 
Glutamine 
alanine 
Giwll. 

HATBILhIN ...... ,--~ 
asportate 
Glutamine 
alanine 
G/wA 
-IT ' .• J • .• t 

DJ..sint 'm:1.n!ntlumole 
•• I • J...u., (,.,j .,., It I •.• . 

no r;luCOrJOt1lith rr-1UCOSG 1'1 ____ "~:_lt.~~I._.t1~~ ....... ~P, __ ._._.~,._.~. l~·. __ ~~a~._· •. _ .. _.,_.r •• __ I_W~&~ ____ I __ ~~ 

1D.·1~~ (11) 

52'i-2 - (8) 

Gj:O.5 (6) 

9+:> ... (~) 

132+31 - (9) 

36+8 • (6) 
48+11 (6) .. 
20'i~10 (;S) ... 

618+80 (8) .. 
;35?-1·1l f,Q ('7) -10l~1,40 (6) .-
7:>0+260 (8) .-

82'1-10 (~J5) -53-.·8 - (12) 

·6+'1 (12) -n.d. 

195+5tl--- (6) 

31+8 - (6) 

5+1 ... (6) 

12+3 .. (l,f.) 

4·83+63 (9) -
t~SO·t·116 (9) -64+16 (9) -590+190 (9) -

J", ... ::til J 

n.o. 
n.s., 
n",s. 

n.s. 
n.s • 
0.01 
n.a • 

n.o • 
n.s .. 
n.o. 
n.s. 

I r, .... 

Slicos of optic mla. vertical lobe \'101:0 incubated tiith U140 
glutamo.to in ~l:iho prooonce all<.l UbOG11Ce of' glucooc, un ~las also 
rn t brain. Tho table shOt,;s tho raoul {;s already Gi -.Jon in 

Tables 17a..'1.(1 19, tlith toatn of oig"l.lificanco. 
n " .. " "....0'*.. r.<-': r,. .. ~14 hI. c~n~· n',,1 not" dotoc' tnd .• g. - ~ ~ g~~ _~~ ~.U. . .~. ~. . .. ~. 
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TABJ~22 
1 II. 

COl"Tl?AHISON O:&" :POOL :3IZJ1S OJ.t" II'HEE AI'lInO ACIDS In nAT .AND OCTOPUS 

BRAIU .t).f'TI~n IrlGUBflTIOH HITH 10011 G~LUTtln!\TE. IH THE l-lRESEUCE 
on lillSENCB01!' 10mB G1JUCOSE 
--'. ,. ":;;"'),11 I" .• , II' 

OPTIC LODE 
...... ..... 't,~~. 

aopo.rt;ato 
{!;lutot1ino 
alanine 
G!J1lt. 

Q.(jpartato 

e1ntruzd.no 
alanine 
G.t~BA 

RAT ,BHAlt-l 
... j F L 1". 

un~tat() 

glut amin 0 

ul:.:mino 
GABA 

1£1·1+2 t7 - (11) 

;17·~ 6 (9) 
105+11 - (1"1) 

8+1 (3) -
20l1"z39 (8) 

61+11 (7) -160+32 - (B) 

19;11-- (3) 

189+5ll- (9) -117+33 (8) -85+30 (7) -80+30 (8) -. 

•• • ''II 

150;±13 (6) 

4'?-l8 - (6) 

230.;;:28 (12) 

n.d. 

'193+25 - (6) 
101+22 (6) -196;t25 (3) 

86+26 (If, ) -
12l~+1? (6) -
1"15+25 (9) -91+20 (9) -

?O,.t16 (9) 

~.!l. 
n.a. 

(0.01 

n.s., 
~.'El. 
l,l.s. 

< 0.01 

n.,a. 
n.a .. 
~.,~. 

n.a,_ 

'1 ... 

... , .,,' •• J"'-"';-----'''.'_.,,_, 'liI....".. __ llillo! ...... A id_'I!I ... ·•· ........ _~._ ... _I" .. _· ...... ' _ .......... ,..,1\'_ .•• ,,_re_., .......... __ ...... f _ ...... _._ ....... ' ... f. .... .. , .' i1 II \I ••• , 

Tho Table ShOHS the rasult!3 nl!'oac1y given in. 'J:obloo 18 and 
20, t1ithtosts o£ oigl1if:tonnco;.. n,.e. ;:: not; siGnificnntt 
n.d_ = not detoctod. 
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Al?1.'EH INCUBATION \'111£11 10mF1 Gr!uTllltt~fj?E In ~lIE J?HESEnOE Ant 
A:rn3gHC1~~ 0]' GIrUOOSE. 
, IE. 1 • " .- t. . . •• 'J 1& ." .• , b 'i II" I I .•• . ., 
£1~Slp.20SE? 
ontio lobo 

ASP .. GLN ALA GABll. 
..... ,"-, l 1 1 • I_· ••.• ~ ....... ;;"iit ..... _. _'-·"r~,~. "',f,.. ..... ,-...'_,.. ........ _l .... ' ..... _. 

.... 

Vox·tice.l lObo 
PAt brain 

Optic lobo 
Vertical lobo 
n~J.. b~O~Vt .1 1,\".' ... v .~ 

L ._ .. 

1.62 
1.79 
7.25 

1.73 
1.69 
14-.78 
I t 

1.6-1 

'1.20 

2 .• 04 

1.98 
2.30 
• 

1.;:~;; 

2.42 
1.06 

2.91 
2",97 
1.14-

f r 

0.£10 

1.30 

-
6.20 
:;.:;3 

1., .' J .• r ., I t. I 

Pool oizoo of froo amino acid!) after :Ll1.cubatiotl .. lith 10rnI1 
e;luiJooD:bo. rocordod in ~:o.bl0 18, ora£tor incuoation \:lith 
10or'l gluto.nuto .. }- Glucoso t t'ocordocl in Ta.bla 20, calculated 
as o. f:vo.ctioll 'Of 11001 sizos before :1.ncubatj.on. record.ed in 
Tublo 7. 

T.}\.nT. ·X:t~ 2~~ 
r ~'''·fF1l' 

J?OOIJ SIZES 0]' ]1Ium~ AHII10 ACIDS IN Hl}/..:: AnD OCT01?U!.3 BPJ~~:r'l, 
JlI?TEH IHOUDATIOH \~JITB 1OnT1 GLUCOSE 9 IN :111E l'lH!;f;:lBNC:g AND 
ABSBnCE Oli' GIJUTAl'lllTE 
L •. J Pt. b" 't 'n . J I. III ... hi.. • i ," t 

no t?lutamal-.tiG 
1 , W tIr' • r .'._ at 

Optic lobo 
Vertical lobe 
Rat 'brain 

.\It tp. . tll~t.o.mate 
01)1;io lobe 
Vertical lobo 
Rat brain 

'lit' 

Af3P .. 
-. ' .... , Y. 11 i 

0.51 
0.66 
1.;8 

1.7~ 

1.69 
4.78 

UIM _ "'U.!If" . Ii 

GLU 
i .. . 
1 .. 04 
1.76 
2.l l-O 

2.04 
1 (",0 

.:IV 

2.~O 
I it 

ALl", GADA 
l' h. I --1 .• 10 -

1.l 1-8 -
7.40 2.70 

2.91 ..... 

2.9'1 6.20 
11.40 3.33 

r I T . I' •• ,,*"" , 
• 

fl", 

Pool Si000 01' freo 'arlino acids after incubation "lith 'lOor1 
glucoco ( Tabla 1';) or 10rnr1 glucofJO .} "'iOn!] glutamato(To.ble 20) 
o~tpt'esood 0.0 a fraction of those boforo inoubation (Table 7) 
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tll0 doubling of optio lobo alanino lavels on tho addition 
of Glucose, tho four fold increase in vertical lobe Gf\DA, 
and tho ~ouuction Of the specific aotiv~~ or vortical lobo 
alanino • 

.. tm :.interosting comparison .can be .made. bot"'t'lGcn pool 
stzGsaftor incubatlon\1ith glucoso alone, and tlith 
Gluoose + glutrunato ( Tables ·13 and 22 ). Table 24ahous 
tho ratios of the pOol sizoso£ tho' am:U1.o 0.010.0 to thoir 
lovols before incubatlonunder theso condltllonslcoopo.rod 
\:11th gluoose olono, pools1zGS a£ter incubation \J:1.th both 
subotratas ~lar.oraisad.in ~ll cases, tho onl.y exeoptlon 
being the glutamine level in rat brain and vertioal lobo, 
npart from those, amino acid levels \:;0170 gonerally raisod 
2 to ;; fold.. 

It is 0100 t110:r.Yth \:1bUe to cOnoidal.' tho values Of the 
speoific aotivities end pool a!eos oimultaneously. 
l):tf£eroncos .found 1n tl10 spec1fio activitios \'Jere somctim~B 
acooUlltcd for asohongas in {;ho pool s:tzes. somotimos not, 
and. tholol1oringo£ tho specific activity of an amino acid 
tins not o.ltlo;1s coneot'ltli.tnnt with an increased pool aize. 
In tho rat brairi.. tho opeo1£:lc aetivi~ of Glutamate-formod 
o.opartate: ( Tablos 17 and 19 ) fell by 207;) \:lith addod 
glucooe. but tho pool s:L~oa foll by ';5$0 ( Tables 18 and 20 >, 
this appows to be duo to the pt'onx),t1on of. the nat o!:idation 
of aovartato oaused b~.glucosa. Tho situation in octopus 
bt'D.:1n \·lG.Odt££orcnt. in that glucose oaused a faU in tho 
specific activttyOf aspa.rtate w:Lthout a oho.1lQ;e in pool 
sizG. irulicoting that thin amino acid i.'70S formed :trom 
gluoose 00 1:1011 ns from glutama.te. The noma ef£oet \100 

encounterod earlier t;lhon considering 140°2 prodllction 
under the oamo cond1.tiona.· Alanine moto.bolS.sm ill the 



octopus brain una inte~osti.ng:e.d.dition Of Bluoooo 
doubled tho r.tOol olzo in optic lobO l.'11tbout nlter1ns 
the o1'Oc1f10 / acti ",1.t'7 t thorE?.fOl'o the added. glucoset.rlO.Y 
huvo Gtimttlated not inco~poration ot glutamate into 
o.lnnine. 
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NgTAl:10T:!Br-l. ,OF 11LAHIimDl OCT.{JI11S, ,ANI) . HA~i: nHAln,. IUV.ITftO. 
lin. __ II ~ .. t" •. S ",,~~, I . ,... ... 'IjI ........ AI bib at-' .,....l. t .... ••• r _ f •• ·' ....... ' ... ". b -. lit. 

In a 11rovious sootion. :tn tllie chapter itl "\;Jo,G observed. 
that octopus brainoliooa :tncubrd,ed t'lith u14ce;luoooe 
:tnC()l:po~ntod. many mal'O COtU'lto into alanine than any othor 
atlino aoid. in contrast to "ti110' rat broin,onc1 t;1i.a.t ootopus 
PZ!nin alanine hat1 tbo 111ghoot opooS-fic activit~ of 0.11 the 
cJnino acids. T",aerofo:ro tho metabolism Of U140 L-alanino 
uas invostil1+a.tod ill rat and octO"""Q brainnlioco in vitro U J;f-- ' ...... ~'_I.. I' 

in the' presenco anrl absence' Of added. non-labelled glueosG • 

. gtiU~n U2P*o, ·POe £¥let la!lPflJ.ip. p~'o9-J1~:bFi0!l. 
Fig"t'Wca 21 ,and (~2 ellOl:; tho course of o,:::r;yg;en uptake of 

a 100me; alice of optic lobo. vertiea~ lobe and rat oortoll, 
'uitb ala.nino o.s substrata,. :in. the absenco !Jnd preoonce ot 
Glucoso. In none of those t:£ssues did alanine eJ.ono 
suppOrt 0. linear respiration rata over tt10 bowD, end 
eompurioon \,11 tb f1Q:ttrc 1;3 Shot:lG tl1.ut the rates tIora fJ:iJnll.ar 
to thosoobtninod t'litb no oubstrc.tc. not-lover. tho addition 
of glucose stimula.tod 'b1.1e z,10SpirClt:i.On. of rat brain. olleoo 
to ano:·::tont slight.~ hiGher thC11 glucoso £:llone ( F:1S11rO lll- ), 

end a l:tnoCJ.r .~a.to \1D.ooupportcd over t't'1C) bours.. Vertiefil 
lobo O:ityeon uptal~o \laS also stimulo.tod.. but not to tho 
Ol:tent \)£ the valUG t'1ith glueoso as substrate. Optic lobo 
slices li1~C\,liso \.'101'0 stimulatocl, but to a laaoer degroo 
thp;Jl tho vortico.1101)o. mable 250ompa.ros tho initial 
rl:1.tos of o:':YGan uptal:oo for tho throe ·tissuos tUltlor ·those 



() 

/~~.~; 
',.,~j 

o 
~ 
I 

I 
14 

2 

.Oxygen Uptake 

.+Su~strate-,.--JOmM a ICinine 

,O.L. 

--V.L . _--- x,.--,------~·x--'---x·_· 
~JL--~~----~~----~~--_.~~Q ffilnS 

FIGURE 21 
1 , . I 

Oxyg~n uptake of optic lobo, .vorticCtl.lobo, anu Z'at cortex 
alleoainotlllo.ted \'1itl110mf1 Olaninec incuba.tion oond.itione 
\1011G as describod:.i.n Chapter 2. . 
Points oro the I:leant?of' three valueo, for a 100 mg slice. 

------------_ ............... ===;:;::,,;,;,,::.:.:...:...:;.;...:.=::::..:..:...:...::..:.:..:..:..: ... -:.=.-.::.:..:.:: .... :..::..:: . ..:::.:.,'~=. :::;.:: .•. ======~=:.::-.--... -- .. --,----~- .. 
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Oxygen ._uptake-
Substrotes ___ .10mM.olonine.t-9Iucose- . 

OL 0-.-.-----e----. x-
~-------s ... _~.-------.----\:1 ·x----··~-X ____ 0 -' _. V L 

~~ .x-·'-·"--··· X'---~ 
X 

.... ------.- .. ' 

e~~······-·"x···- 30 Qo . 9Q (go 
l mins 

FIGURE 22 F". i •• 

# 

Oxygen UptcltG of a. 100mg slice of optic lobO. vertioal lobo 
and. rat bl'uill, incubtrced llith 10mB 'il1anino .}- 10~l!'Ie;luoooe. 
Incubation cond.itiono t-1cro 0.0 described. in Chaptor' ~2. 
r'oints ru:-e the menno of three v::tluos. 



lllA,BI,E.2Z 
IIO:~flL1L nATJ.~3 OI' OX.YGElJ U:PTAID1J OF OCTOPUD liBD n.t~:r D11l\'IN DLICES 
I![CUB.'lTIrD UITH 10mH ALF .. HINE IN THE OF 
lQplH G} ·UCOS~~ I In... t .• 

0 1 ......... , .... ....., • r 

.All.r-IoloEV i0C) 9.15. l?l:'otein I hr. 
, .• t fl., M.11·=t.'1·.....,......... ......1CIII$~~~ 

po G.lu.c:a~e •... u ........ _.~~!!. .. Ed~~£.9E...e._··,w_ ..... """""'._ .. _L 
Optio lobo 2'7 (1) 
Vortical lobo 8 (1) 

6~~6 (?) 

a? (1) 
40 (2) 
11.~·r4 (7) - <0.01 

co ... , pnO.DU(!C~IOI~ BY RAT AND OOT01:1UG BHAIH BLICBS IHOUBATI:.t'*D 
tJI~H U 1lJaC lLL1\n:UlrEll,r !J}lIF; ~()lmBEHGE AND ADB1~HOE 01l GLUCOSE 
t • J j $ , • J • • • ,'0 1 .. 1M ••• ~"-*!","~~ i W ... j" .. ,**'fi' .... • ' ••••.• Mo" . • ' • , • 

Optic lobo 
Vertical lobo 
Rat bl:ain 

,~l!!t..fi+"'ttqQ...L1~_""", ...... , , ....... 1>:;;... ____ ....... 

218+'104 (4) <0.0,5 -811-+30 - (1.14 
) 

(10) 

Slices of optio and \1orticcl lobo o.n<.l rat corte=:{ tI01:'O 

incubatod "lith 1Om!'1 U;14·0 Ir-Alanino in the I>l~caon.co and 

o.booncaoj~ 1Oml'~ Glue-one, an.d o:tYfjen u}?toko and CO2 production 
dotorml.necl an described. in Chapter 2. HODults G~:p!!oODcc1 

0.0 lJOO.ns + s.J3.n.s Of lltlr:lboZ's of o~:porimolrts ill bI}'uokots. -\'Thoro pOfJoillle.. n.s.~. not siG!lificcnt. 
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oonditions. Tablo 2G coopnroo the 002 produotion of rat 
and oetopuo bra.in slicos under those cond.itions. 1l t-C02 
t,laD fomed in octopus undo :rut bt'ain, and production is 
comparo.blo in both brains" Addition of non-lubolled 
slucose caused a slJ.sht 1ncrOt1.SG in {'02 production bit 
tho rat bro.in~ ,presumably br the stirJula.tiono£ tho not 
o,:1d.ationof 4Calan:1na by the Gluoooe. Incontraot, 
octopus brain 140°2 ovolution t;l!lS {1.1miniahed by tho 
ud(lition of glUQoos,it would havo been useful to have 
lmovm tho opOcif1c act:Lv:ltyof tho 00,:> hero. to dotormina 

c;. 

whether mora unlubelled OO~ was formed • 
.c;;. 

In no euss was red!oactlvo lactatodetectod, in 
octoI'UO or rat brain, except in tho rat brnin 01100 
incubatod. \·ritb u140 alanine in the presence of gluoose .. 
Boloff...QhaiD e't; a1. (1962) also found. no counts tlOre 

incorporatod. into lacta.to from 14.0 alanino olone. It is 
note\'1orthy thc.tno radioact5,:ve lactate \,10.0 dotooted t'.11th 
U140 glutamate as sole substro;te. also found bW Rose 
(19G8b.) 

.§J29.<?i!~ act.iy1~!()o nn!\.lNo!..aizeP •• q;f: am.if!O",o.p,ir;fJ fopmed 

.t:rom •U .P.G.lpt,15.gctl .. ip. ~]llgl :l.B?;.tiJagp'S.o, ~d ab,s,op.!lo 03: G~UPP.olO. 
~nbles 27 to 30 SbO\tl ·the pool sizes and specUla 

aotivities of tho froG amino ciclda formed fromU14c alanino 
AA ~tt:0,t in rat and octopua brain. in. the presonco and 
absence of r;lucosG. Spoc1f!C activitios on tho wholo tIGro 
about a quarter tho values in octopus brain comparod t'11th 

the ~nt. In thooctopua brain Glutamato had the highest 
opeeS-fic aotiv1:(,1l. aspartato and GlutD~e \';ere lO\;1sx-, 
o,.nd GADA 1:10.0 not tlotectod. In contrast t rat brain glutamine, 
GADA and mlutamatcal1 had comparable vo.lUGO, nspttrtato 
havinG half tho value of these throe. 
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S:Pl~CI1?IC ACTIVITIES OF 1~J!:E Ar'lIHO ACInB In OCTOPUS AnD 
nnAIN fJJJI(,'*ES lkJJTJ~RINOUBATIOH \'IITH U 1l~·O AT.l..IlHIHE 
r 11. .... ct,. 11 •• • is .U" .,. l1li " ..................... t U_n .. 1 • ,. " t • "".t ... Sb 

nAT 

It .' ., 

Diaint!min! m umole - " .••• , .t...:. , r '-IV.. "11 

O·Rt.i~~l!tPp ___ .. ~ .v.frGtI~(;~!J.f!~_, .l.9 .. b;;;;..9 ..... ·· .. _" ._~ ~2"""'i ~R_\.a._· t...,"" ._h ... '1! •. ,Il..,..' .~in_" l~mino acid 
.....,.... , I • I. t It I 

Glutamate 79+20 (Ll-) 57"1-8 (it.) 0.0. 224;1;36 (14) - -Aspartate %;t10 (3) 28 (2) - 1£1-8;1:19 (14) 
Glutamino 5'.~ (1) 12+3 (:;) - 295·t-70 (9) ..... .... 
Alanine 1000 1000 1000 

202+54 (8) -
... 'A • I. .1. "qp In. 11'1 ' . .,.. .: 'IDI j " T. III t ......... .. • t 'II' F ., 1 

~OOL SI~J13S OF FREE AHII~O ACIDS IN OCTOPUS AND RAT 131lAIN 

"'. .I ~ Atl,WO eoa..u 
I ." r I 

Gluto.matG 
ls:spartcte 
Glu.toJ'line 
GAl311 

w ..• , 

.. " ", .6 '.I' .... s>q*, ....... 

o./umoles!mg nrotein 
.... / J a ,., r ~. ....,.. • 1 I. 

'<or P12.1-i.ic .lobo" .1 YOl:'t1cal,).pbe, . £ '32 1 r no.;tbp'p.ip 
72j;13 (J+) 15O.t35 (I}) < 0.05 1}3t4 (111-) 
1.t-6t6 (l~) !>5;tB (l~) n.,s.. ??;J;,? (14) 
19 (2) 15+1 (4) n.s. 30+1·5 (1;) .. -
n.d. n.d. 20+3 (8), .. 

. _.L_ ... __ l'_. __ .~··_.~_ .. _.~"MI __ 1~1_, _____ .-N._'_*-.--------~b __ ._. __ i ___ ' _____ -•• ~.~.r~h_·.'_' ____ .. ____ ~ __ 

S11oeo. of octopusoptifTll.o.nd vertical loba 8.t"'ld 21st. ~rain t'H~ra 
incuhntod with 10mr'~ U C L-o.ltlllinO , Sl)oc1fic act~vity 
1000. <.lpm /miu.Tole, ~~.~ ~h,~,. po~l!!ir~oo .. end '. ~l)e~ir.~c,. o.?t~vitiGS 
of tho froe ttrllllO aCl..t1b uetorm:Lnou as aesc%.':Lboa. an Chaptor 
2. Results givanas f;1eono + S.E.l'l's of nuobero of 
e~!pOlJiL71onts in brtlOkets, whoro possiblo. 
n,d. ;:: not dotooted, n,.a. := not siGnificant. 
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T!~~.f2. 
SPECIFIC AOTIVITIES OF !.lnL~ M;lIHO ACIDSIH OGTOT1Jf3 AnD RAT 

BHAlrJ SI.JICEE;~ !~TI~H ,,:tHeon,' ATIOH, H,Ifl,::n u 140, ALf!.!'l,T,' lill+ GLUOOSE 
.• r . ·',t r 1. ", 14_.. 1. 'T.... In=:;' •• 1 f I 1 . 

!!ipintL, m~I.,PIp.mlo}/) 
AlntLno ,acid 
.'.Li.Af'tfjJ'· ... rr til' .. , 11 0j2t1p lob"G. I, ",w"! :V,pp~hicu,l.. ;tok~ ... I' JIlt ..... R.nt bpqLl~,n 
Glutnmata 
.Aspartato 
Glutamino 
GAD..IJ. 

6:?~!-18 (it) 102+14 (4) n .. s. 16G±,13 (11) -'.. -2:?Z10 (/~) b::~'10 (4) (0.05 8310 (7) 
16 (2) n.d. 71+8 (6) ..... 
n.d. n,.d., 79+12 (7) -

• .... ._ 1\ r .... , ,.. .. { . II! - &1 'a .• '" i, f f 

TABLE~O 
•. ,.... !l.~ .. 1 

POOL SIZEH OF FREE 1~J1INO .llCIDSn;;f B.AT AND OOTOrUS BH.AIH 

,A3?TBH IHCUBATJ.O!.J \'lIW, .10mH AL.f~11Ir.m + 10mB GIJJCO:3E ,;Ira, •.•••• _.r q" T,. t •. 9 _ . fet ....... ' ' .. ,.".0101 ... 1.1,.11· ...... 1_. '. ""r 

~,J umolo/,' mrs Jirote,in ... ," .. r" , .~' • . " 

Amino ,ao1(1 .. 7,.'" $(* 

Glutamate 
Aspartate 
Glutiamino 

135t20 (4~) 

76+1l1. (l~) -
1?O;t8 (l~) 11.0. 90.±9 (11) 
140;t8 (4) <0*01 32j;6 (11) 

26' (2) n.d. 9~±17 (8) 
G1Jit\ n.u* n.d. 94+14 (11) ... 
b.:d~ ....... r • a. i 1 til I "i ,. •• 'lj:~, , f *'fl ..... ,,'r ' ·t. at q 1 

Sliooo of optiC lobe t vertioal lobo and rat oorto:':: "lora 
incubo.tod \'lith 10mH U"140 Ir-Alaniue, spocific activity 1000 
dprn / rl/urnOlo,· togethartlith '10mI'I glucose; pool sizos and 
,opacif~.c aotivities of tho frGo o,mino acido 't'Icre dotorz::.inad 
no described in Oha.ptor 2. Rcoults oxpressed aG Doans, + ...... 

S.,~tE.r'l. s of' nwnbera of.' c;;':pGrimcnts in bttuekcts t \'11101'0 

l1oosiblc. 11.d. ~ not detocted, n.s. :;:' not s:1.gn:1£iee..nt, 

1 ' 
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A(J,;(1~.t1onof glucoso reduced. tho speciflc aativ1t1es 
of the amino ",t'tcids in tho rat braitl, hut glutamine and 
GADA .\'10110 ooot rcduoecl. so that glutomate bad -the highost 
speoific tlctivitYt 

In the octopus brain,. apecS.f!o activities \10rC not 
reduoed.t optio lobo glutamato \,;0.0 unchongod, vertical 
lobo Bluto.mata onrl aspnrtato't1ero doublod. :I.to .assess tho 
values of those di££ore~eos,. Table 31 comparod tho OllOCif'ic 
aetiv1ties in tho proscnco and absGnco O~? glucose:. \dth 
tostsof sign1fictulc(j, Aao~ thn~ tb€! ,alanine entors 
"bho citric aeidcyclo by tronoaminationand. oonversion 

, into pyruvato. it is difficult to GOO hOt"]' oo<:lition of 
gluoose caused.·ariso in tbo opecific activities 'of glutamate 
and, aOl's.rtato :tn 'Ve:cticnl. loba, tmless· a nett patht;l~ f'or 
ulani11c \~lo.0 presont for cntt'3" into tl1S citl~:tC aoid cyole t 
by-pnootng'~!Uvato. 

Table 33110ts tho ratiOs ·Of tIle pool SiZOD reoorded. 
in Tublos 28 !Ul(l ;;0. to the ~.l'Uoa before 5.noubatiol'1(t 
Soma oW1pr1.aing foaii'urea are oviuant: there 'Uus no inar-ease 
tln tho pool 0100 of otJ:3 nminO aoid 111 octopus or rat bra:tn 
aftorineubation 'Hith 10mr-Ialo.nine, t'l:i.th the o::tception 
of rat brai!l. ttopGl'to.to, Tho lovel of sluto.m.o.te in rat 
oortoJ! and. in tbo optiC. lobo \·SIlS roduoot,1. to about t\ half .. 
Octopus aspartato l .. ovola t~St'o also hol.ved., tlloUCb o.spa.rtato 
wus iLoubled in the rat brain. Vertical lobo c;lutca.nino 
foll to one third. tho proincUbc.ted value. It \';ould havo 
boon intorCt3ting to havo obtainod. valuos for tbe totul 
procluotioll of 002 t 'to Doe if olnn1na promoted. the o~:idat:1.on 
of tho atlino acid.s, rosulting in their £a~l in levol., 

Inopoetion of Tablos 32 and B~ roveals that addition of 
gluooso reQulted in un increase Of tho 10vels of o.l1the 
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TABIiB .. 21.· .. ·. 
I I I ., i •. 

oor:lPl\RISO!:l OF TUE SPECIFIC ACTI'\r:tTL!!f3 OF TIlE Af'iIHO ACIDS 

OF flAT AnD OCTOPUS nRllItr A17TEn InCUBATION t~ITII U14 C ALANINE. 

IN TIIB I JfL'88ENCE .lU~D AJ1SEI10E OFGLUOO~3E 
• "'. ". .' "J ,'. J l?l -, j _ ( - .• , " ", ( I fl' •. 

OPTIO LOBE 
.. , fT •• ''If •. t,t 

e;lutarnnte 
.0.0 pruzto.te 
glutar:line 
GAM 

VBn~!Cl\..L IDBE ., n , .... If 1 . •. ) I 

glut amat 0 

tlspOJ1to.ta 
glutmnino 
GADA 

RAT13PAlIi .......... ..,Mia ... • ~_ 

glutamate 
asparta.to 
glutarJl.na 
GAM 

])!,,o.in.t;L ,mWL,.Plf11p101p 
np r.t1uPOAP. '! L. ~~lith~ gluoosOn to •. iZ· ! .. 

79~20 (4) 

56+10 .. (~) 

54 (1) 

n.d. 

57+8 .... (4) 

28 (2) 

12·1"3 .. (3) 

n.d. 

224+36 (1l~) .. 
148t19 (14) 
29%70 (9) 
202+54 (8) -

6;>+18 
'!H 

2:5+10 
JII!IIt 

16 
n.tl. 

102·.,1l l--62+10 -n.d. 
n.d. 

83-,-8 -71+8 -79+12 .. 

(4) 

(3) 
(2) 

(4) 
(4) 

(11) 

(7) 
(6) 

(7) 

n.s. 
n.s • 
n.o. 
u.s. 

<0.05 
n.s. 
n.n • 
n.s_ 

0.6 • < 0.05 
< o.O~ 

n.9 • 

The table shows tho rosults already given in To.blOfJ 27 and 
29, together \11th testao!' signifioanoe. 
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TABLE.·~a .. , .. -
oonPARISon OI? l')OOLSIZEHO!? .lU-1DIO ACIDS IN p~\fr MID OCT{)FUS 

BRADt AF2Yl~R IHCUBt~TICH l'JI'IfI 10mB ALA NI1:1EIN TBB PRE8l!~NOE OR 

OPTIO IDBE 
~.... • I 

glutumate 
tlspartnto 
glutamino 
Glint,. 

VhH~IOAL IDBE 
...... t t •• ,...... • .•• , 

Gluta.rnato 
o.apnrtato 
glutnmine. 
GADA 

Rl\T BHAIN' 
.'_ ••. t .......... 

c;luto.u1ato 
aspartate 
glutamine' 
G1U3fl. 

a d ."di .• r .. nlltl 

, ' " <~ In fl ., r PrtPlt ) .. . *, m l.n 1 • It .I 

SfU!O;qlOS I. as W11~;t'OflJ.A . 
!';!l. ~lUP.oo.e , I I. W_l . ~'l;t~P . G~uopsp. . . 1M.~ I·. ; 

72+1:; (4) .... 
46+6 (ll.) -19 (2) 

n·.d. 

150fl~35 .... (4-) 

55+8 .. (4) 

15+1 ... (4) 

ll.d. 

43+l~ ..... (1l~) 

77+7 ... ("ll~) 

~O+5 
. - (1.;> ) 

n.d. 
1 I , .\ r. I , ... " I ... 1;fIWII" 

135+20 (lJ.) .... 
76±1l~ (4) 
26 (2) 

n.d. 

170+8 .. (4) 

140+8 (l~) -n.d. 
n.d. 

90+9 - (11) 

;>2+6 .. (11) 

93 .. t-17 .. (8) 

94±1Ll- (11) 
, ... _ 1'-_., t.'fJ"'b?f' 

<0.05 
<0.05 

11.8 • 

< 0.01 
n.s • 
0.0. 

< 0.01 
< 0.01 

< 0.01 

< 0.01 

Tho Tubl('Johol:10 tho pool sizes nlroady listed in Tableo 
28 and 30, together \,tith 'teste of. siGnificanoo. 



POO!t SIZES OF lTREB Af''XIHO AC:rDB In ruvr A~1D OCTOI~S BHAIU 

All,TEn INO, tlJ,lltlTIO,',N, vJITH AL.h.Jrr l'IT,13, AN1,,)!OHGLUCODE 
..... ~"t~~·)c""'lII ....... '" II ... iIfrt~"""...,.j_" , ..... Frj~. 'n •• ' •• , ., iii •.• tlP" , 1 

stJaSTHATl:~ GIJU ASP GLU ALA GADA 
_,J P' k .... I jf! f f! .... If , , ....... r " ... 
Alanine 
••• J.'~f!'P 

Optic lobe 0,.64 0.53 0.,83 .. ... 
Vortical lobo 1 tOl;' O • .l~8 0.29 - ..... 

nat .cortex 0.48 2.96 0.60 ... 0*95 

Gluoose 
., ... '1liiII'" 

Optic lobe 1.'10 0.51 1.at:. 1,.18 
Vertical lobo 0.64 O.6G 1,,76 1.48 ... 
Rat co!:te!~: 1.4l~ 1.38 2 .. ,40 7.40 2.70 

Alanine + Gluooso ...... ... .t. , 
.... ~t ... up l.C lobe 1.20 0.88 1.13 - -
Vertical l.oba 1,.~18 1 <1')'" '.c.;> .. .... "... 

Hat cortex 1.00 1.23) 1.86 - 4.48 
Ii.' !IIl-'."1 I .ttI. " .. iJllf ... .......... . .. . 

.... - .' . , • 'I): " .... JjI .... '""'- ... , - '. - J 
p .. -, 

pools:tZGO , rocordc(l in Tables 28~ :;0 and 14, olQ?ressod 0.0 

D. fra.ction or ;pooloizes of 0.01110 L\cida beforo incubationt 
t'oeordotl in Tabl,c 7. 
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amino acids in the three: ti,sGues to some extent. 11ith 
the ox:oOl)t:ton of ratbre1n aspartate and vertical lobo 
glutamine Hhicb \,100 halved.. IJ.be moat oign:ti'lcant incroases 
\'101'0 rat brain glutamate, sluta.tline c~ GADA. optic lobe 
glut~~ate and aspartate, and vertical loboaopnrtato. 
~~o docroaoc of rat brain aspartate was probably due to 
tho stimulation of tho net oxidation Of this amino acid 
by tho addit1onof GlUCOse t since the roduotion of thCl 

pool siza \';0.9 aocompaniOd by a £0.11 inopocif1c act1v1t7, 
( Tuble 31 ).. Rat bra$.n e;lutam1ne and GAl3A valuos 't'10ro 

raisod. 3 tol~ fold. b~tho addition of- e;l'UOoso. 
As 't'lno- mentionod earlie.t' !n Oha.pter 2, thara io a 

poosibility that o thor amino o.o1ds havo beon undotoctod, 
und these tncl3' t1aUbe involved in some of' the trans­
£oma.t1onsof alanine into tho citrii.C aoid cyole 
intermediates. 

F11RTIIF..Jl IHVEGTlGl~~I~IOr1 0.1? :I:Br~ i·lEU.'ADOLI.Ht-l OF PYRUVATE !~ID 
n .,It' . • 111 ~~ .. '_ J i _ ... ( ,-I j. ...t.... .. " .. 1M ,.a •• a r $'. I J m F 

A.L.t~.rn:NE :TN Wl. 1~ RAT D.Rl."Ill TN. i _VI.TRO. 
1 11 . ,. . .. :.:. .. .•• t tt j II , P" .It .. -=-t . .n=. .. 'MI 

,Com~p.rison ot;. ~f10J.:.o.tf:.bo;l::.temo~mFJ:lt~t91 and. £llJlcop,G. 
!J1 Chaptor 1, cortcin .uno::poctoet tliffercneoo \10rO 

pointed out :in the mato.bol!smOf glucose and pyruvate 
. ~-n'VitrOt and rCO,DonS\:10ra snr;:p:eatod for them •. - The 
.;;;;;. •• , " r' ~)..... - -

fOUOt1in6 is on attempt to holp clarify tho situation :1.n 
the rat brain; t'cgrett~\b1y, lack Of onimoia made the 
1nvostisntiona on oatopusbro.in imposoible. 

l:'igure 2,:,) compares tho course of reol'irat1on of n 
rat brain slico ,in, ttlO preoonco of substrate gluQosoor 
pyruttatc. P'j1rUvute seomod to support a. slishtly higher 
rospi~ntion than glueooe. analoo stated by nvadfo~ (1968). 
and it maintained a linoa%' rospiration t'uto OVGr m'10 hours. 



. OXYGEN UPTAKE OF RAT CORTEX SLICE 

JJM 0 . 2 .;,', 
. WITH10niM ,SUBSTRATE . 

e PYRUVATE 
X·G~UCOSE 

:.: '. 

o 

5 

.0 

5 

, .-
. ;~ , 

132 

., 

t mlnS' 

If,IGpItE . 22 
OJtygon. UptOl-:e of n 100 me slice of' ra.t corte:c. 
SUQstrnte 10mB Gluc9seor'pyruvate. Incubation conditions 
\10re [1S described i.~ C~)riptor 2,. 1?oints o.:co the moons' of 3 

. values.' 



Table ~ OOOlk-1ll0S tho formation of CO2 and ,laotate 
from U14·c 'pyruvo.toot' Glucoce in vitro. !i1beso tiere both 

....... I •• !. 
hishor t'lith gluoose os l:lubstrate, and theresulto of 
Cham at 0.1. (1969) attain occord€'Ulco t';ith ~his •. This 
is tmo:t;pocted owes Cremer (1967) poirrbs out -bhat p~vnte 
iso:ddioed to CO2 t~l:tca no fast as glucose, but Dhe p.J.so 
found 'n higher laotato production from gluooso, though the 
reason for thioonomaly is atUl not appnrcllt. 

Chain at oj.. (1969) oompared tho motttbolic pat torn , 
o£ incorporation Of rnc1ioact"'iv1ty from gluoooo or pyruvato 
iri:'(jo produots I and found that glutamate and Gll13A prOduction 
't1as o1milnr in both oasoo, but thut' or aopnrtata and. alanino 
\10.0 less from glucooe. , 

Tubloe 35 and. 36 comparo tho specUic uctivities and. 
pool sizes of tlle free run1no acids aftor incubation of 
rat brain slicos tlitb radioactive glucoso or mfruvato • 

. The difforences wore striking and tuleJ~actGd. U140 
pyruvate ~old,oa n glutamate of specifl0 notiv1t7 ton times 
that obtained .from U140 ,glucoaOt.tbough none of tho other 
amino t1cic1s ahO\,IOd. ouch (;Ii> la.!'go d.:tso:r:*e:p~cy. E~pooi£ie 

act:!;\t~.;:;ios of oDpartnta and. GIlDA vIera tt'lice a.a hic;h of tar 
inoubation tlitll PY1"Utrato. but those of alnnine and Glutamine 
t:loro o1mila.2J. 

The pool sizes of alOllin.e. ond G.f'\.Bl~ \;101'0 similar e£tot' 
inoubatlonl'litll GluQOse 011. pyruvate t but that; of Glutamate 
"loa twioe tholovol after incubation '\'1i 1.il1, Glucose than 
1:1ith pyruvate, (lIlU 'that Of Glutamine five timon. 
Effeot of..non-lo.bol1od.nlOlUno on the.metnbolism of 
i;IE s. . IF M 1 • "' • . J • • .. J JPI. .... •• . ••• ..... . ••. _. ,.. . 

~nrnta in vit.r:<>. 
"~' II .• 

The offect o£tuo odtiit!on of non-labellod.alanine on . 
tho opoo:1f:tc notivit;ieo t1ncl pool sizes or tho amino ncida 



", .,' 1 ,'1;" " 1)"iafu1J!t1inl' 10b, c,o~t~ SUh,ntr~t~!m::,tT;r~to, in 
c , .",. T • ~ !t .t)1 oJ' 'ijI'l P l E •• J ,~ .-:;; • . 

Subotruta 00 ' lao tate • ~l~ ,. ,,"' ~ , a 'I; ,I,' RN,l' ,I; ', •• a ,j rz. I I,',., " hl""' __ I '1 1 .,., to 1 v. • ( ;' iI " 

n 0 slucose: 6770~f·920 (it.) 5020·r292 (8) 
U140 pyruvate l~890;570 (11) 2164~508 (6) 

:r'Anr.if~J ,2JZ 
gr'l~:CIl\'J~C ;AGf]IV!TII~B OF 11'HJ';F~ l~liInO AOIDS IH HAT BRAIN Sl~IOES 
ArTER Il1CHJP.uAWIOH \'1l:T1t u1l}CGI4UOOSEOR U1l~C l:YRUVATE 
• , ,"'",,"k1!: 14$" ~\Ii.iII"'J. ,_ .• t At 4anl ,." ..... ,. I!" t .• ,. .. _ - •• . bt .' II ;t '.(1 Hki.b of ",,, • I 

l1i, sin, t !, rain," /t11,UT.nolo sf"'. I h '- , , ,. l' ..• q 

_~._t_li_n_o_f~p_··o~._i_d_.~ __ *,_"._._.~.G~1_u~e~6~2~'SL-_'_'~_. __ f~?M~_,_u_v~a_'~_, o~'.~, " __ ~----____ l-.~.I~_."._~. 
Glutama1io 199+!):3 (6) 1629..,-380 .... , ... 
Aspartate 
G lutis.r:d.no 
l~lo.nillQ 

GADA 
r it't .. .. < I , ... 

185·s-46 (7) -195120 (6) 
115.t29 (6) 
17/~"+45 (5) 

, .... 
.Jti ,. 'i 

~A.13L1~ ';.J"16 • r::-.. 

112+24 -
191"'\-2l~ -
2;1i ... ..!:11 

..... j , 

(10) 
(7) 
(10) 
(10) 
(6) 

.. 

l)OOL SIZ:Gi3 O:£:" AHINO ACIDS IN HAT :nR.AIU A1lTEn. J1JCtJBliTI0I1 HITl1 

10mI1 GTJUC08E on pYnUVf~gr.8 ' 
~~~ •• dl ..... _ V 'I' ~ p .• '" ,M" IT' _'1.-", * '..- ,iI ,r 

a/~m~.o.lp~ ./.; ~nn; I?rp..~f:~ 
Anino ,a.cid 
" J'i ... M 1" T -

Glutamato 
Aop01'tutO 
Glutauino 
Alanine 
Gltat\ 

Glucooo, 
I : \ . 'f. t t 'P ,Y' .F 1 • oJ 

130+29 (9) .. 
2G~-1; (9) 

120+25 (9) 
'~ 

,59.1:16 (9) 
~7+21 (9) ..... 

,f t ... I ' 

69+8 (10) -45;t9 (10) 
25+4 (8) ,.,. 
50+6 (9) -If·2+9 (8) -

I • 

t .• "" •• WfI , i '. 

[311000 of rat corto~! t'Jore il'lOubnted with u1l!·c 10mrl glucose or 
pyruvato, nncl CO'~t lactnto proclnct1on, alld tho pool oizoa and 
spooific tl"oti'Vit!oa of thotroo amino ao.S,,(10 (letermincd 0.0 

(leOc~ibed. in C./lltlDtoE" 2. ,nUl3'Br.r:nATE, fJP.ECII!'IC 1,~C~~!~IY.· ;: !?OO 
dpm /tl/UtnOl.O.. Rco~tS. o,:presnotl ,as !Joans ~ D.~ .. rJ.S O.i 
numbers of exporioento in bruolccrta. 
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fomed from U140 PYI'uvata !!l yj.~rp. by rat b!Cuin slicos 
\'10S investiglltocl. '1'11io 'Hue to ascertain uhothor rorruvate 
\·1a.sincorporuted :tnt 0 {11utomnte, aspartato ,. glutntline anel 
G.tUlJ\ through a pnth'~I~ involving alanino. b3'-p~Gsin.g tho 
convorsion of pyruvato to Acotyl COlt (Uld. citrato: if so, 
then non .. lnbelled. alonine ahotlld eonoitlo!'D.bly di1uta this 
incorporation. 

Talllo ;'7 shows tho respiration of slicos ,t11th 10mH 
pyruvate + 1Omr·~ nlonina ~las not foun(l to bo cliftorent to 
that t:1ith pyruvato alono. Also, more OO~ anci loss lactate 

r'_ 

,1101"0 formed. in tho presence of alanine, tboush tho 
differenoeo tl0ro not siGni£ico.llt. 

Tables 38 and 39s11.0,\'1 tllospocif10 activities and 
pooloizoB of tho amino acids after 5.neubntlon or rat 
brain 01100s '/l:tth u1l~a pyruvatetn tho presenco and 
f.lboenee of alanine. Only 1n tho ease of glutamine "1ao 
thoro a signifioant reduction Of specifio aeti~ity by the 
Getdltion of' t7ho non-lnbelloc1. substrate, thoUClt its 1)001 
size remainod unaltored! it 10 hard. to intorpret this 
othe~ 'than alon:tne competed t'l:tth the G;)1ntbesis of 
glutam5 .. no ( tm.rl not of tt'lO othor tnnino acids) from. 
pyruV:ltO t thnt in.. e;lutam5.necould be synthosised vin 
alanino, by 0. route not involving tho citric acid cycle. 
Tho ';00.(101' it) reforred bClCk to J?igu..vc10 in Chuptol" 2 
( page 72 ) for t1 (l:t.aG~Lun of theintcrrolotionships of 
tho (lmino acid.s ond citric (loin cyol0 intermediutes. 
l~£!'g..2r_y.2-R.ru ,~§.!3,~ l?~l}..v~~sng. !:Jr •• ~11!~'P~.{ig:;IO on pha 
motnbolism of nlanino in rat brain :tn viftro. 
~"'~~~ .. Jib 11 ...... ct.' ......... * a ... '" ...,.. • t. I' 

The above e=rparimonts \'10ro perf'ormed. in roveroG, that 
is t U1l

J.C alanine 1:1£10 incubated Hith 11ol'l-lo.bellod pyruvo.ta. 
!ncubationo \'!GZ'O also Cllr:::i.od out in the proGol1oo of 
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OXYGI~N UPTAKE, 002 AUD LACTATE :PRODUCTION BY RAT DRAIN 
SLICBS n~CUBA:I:ED ~IITH U140 Pl~UVATE, IN !L'ltG PRh~l;;NCE AIID 

PIOe J:r~~1.\C:bipa 
dpm/10 ota. 
substrata/rog prot. 

"fa (Jjt '*, • tM .r .... V1N ....... r 

Ml 

Lap t!!to. ~rpdp'C.~fl.Rn 
dpm / 10 eta. 21G4+508 (6) 1485+333 (6) n.s .. 
subotrnto/InG prot, .... 

i. I .... q', '''_.WIII 'Ii t • ItA' 'J IT 1 . 

Slices of rat corte::': \'iere incubatod \1ith U140 10rnt'l pyruvate 
in tbo prosence ond absonoe of 10mI-i L-alanino; and 
oxygen uptako, CO~ pttoduction and lactate production 

.c" 

dctornlinod asdoGoribad inChaptor 2. l1esults o;~pt'Gsoad 
as means -4. B.E.r1.a of nUlnbers of o:o!porimonts in brackots • .... 
n.D", e not aie;nificont. 
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SPECIFIO AOTIVIIDIES O:b~ F1U!,'E AI1!IlO ACIDS IN RAT BnAIN AFT1~R 

Ino,UBA,U:~OJ~. }1,ITFI. 0:1,49 }?Y;l{UV J~TE,. ~'lrITH"I1AjtD UI'?!IOUT. AJ~nIrfE .. I 

Amino acid 
• ¥ J 'r rt It t, ... 

:n.is,in.tLm~vu.mo,le' 

II~*, u*p.p.i:l~. I .... lLi.~p. .... !llanine. " P, I I 

Glutamate 
119 parto:t;e 

Glutamine 
Alanine 
GADA 

1629+;180 (10) 1394+105 (9)n.s. - .... 
3S3~34 (?) 568!142 (8) 
112;t22 (6) 23:6 (5) 

n.s. 
<0.01 

191t24 (10) 50! 6 (13) -
25lH·11 (6) 148+28 (5) - -

.t I J r , • 1" .1 ' 1 '. . I , . , , 

POOL SIZES OF FREE AnINO AOIDS I!:1 HAT BRAIN AFTER 

.,nplIDATIOrl ,\!JITn! 'pmf~7 Plpt!1Y!~!J:E •. \'lITII. Anp .~1ITI~qU~,. 10mI'1 AL..llrllr~ 

11!/~Ole,BLI .mRxt9t pin 
.. f:..,m.,....in;;o;;;o .. _o_n ..... c_:L ... p. __ ....... ....-_ .... ,_r .... iO .... I ..... a_l_G .. ~;o;,;;;.:;:iJ;le • }'~i tp. a1anf.ne l? 

Glutamate 69.19 (10) GSl5 (9) n.s. 
Aspartate 45±9 (10) ;8+9 (8) - .. 
Glut~~inG 2514 (8) 32t? (8) 
Gft.J3A 1+2+9 (8) 60+12(6) '.. . -

r ,. I I l ' u . n ..... • I .1111 

Slices of ra.t c-ortex were inouba.ted 'l:1ith u140 10mrl pyruvate 
in the presenco and. absenco of 10mfj alanine,. starting spoc1fic 
aativity of l';jpJUvate e 1000 dpm/o/'W1loJ"e. Specifio activities 
and poolaizes of the amino acids \;!sro determined as described 
in Chapter 2. Results expressed as meuns .1 6.:£.1'1.s of 
numbers of eA"'Porimento in brockets. n.o.= not signifioant 
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inhibitors of the citI-io acid oyole, to SOG \<]hother 

u1l}o aJ.onina io tlble to be oonvertod into glutamate and 
aspartate, by-pasoing tho oyole at· t\10 stages. Tho 
inhibitors \'10re £luoracatato. uhich :to converted into 
fluorocitrato o.ncl inhibits the onzymo aconitaso ( patoro. 
1952 ) cata.lysine; the ioo111orisationof citrate, tllO other 
inhib:ttor acto at n dtlffox:ent point of tho oycle: mulona.to 
is a oompetitive inhibitor of Guccinic dehydrogenase 

, ' . 

( Kini and. Quo.otol, 1959). The mothod Of addition uus as 
£0110\'101 the radioaotivG oubottto.to 'ClU1S t!ppod froL1 the sido 
ormof t;he \llo.rburr; i11oubatlon vosool o.ftor the slioe had 
boon o.llol.'1ed to ,oqu11lb:t;ato with the inhibitors d.ur1ne; 
tho gassing poriOdof a.bout ten m:Lilutoa. The concentration 
usod ror thoinhibltors 1:10.0 10mI'1, the same 0.0 tho substratos, 
since tho~ :arc both·eompet!ltivo inhibitors, ( D:bconand. 
Habb. 1 96LI-) • 

]'!gurs 24 ahOf}S the respiration of ro.t bxao.in 011000 

111tlt 10mf'l alanine alonG., 0'"' in tho presenoo Of pyruvate, 
fluoracetate, ondt.luoracetate .... oolonata togothor. 
Addition of vvruvateratsod t'osplration. oompared \'litb 
alanine alone, and 0.. linenrrespiration rata t'lSS obtained 
0'0'01' tuo hows. HO\·lGVar. tbe prSsOtlce of fluol'o.cetato 
reduced rcol)i:fo:tion to 00101;1 the leval. of thnt t'1itb alanino 
alono. and '(the fUrtharacl(lltlon Of tlo.lonnto pructlol111i/ 
abolished it nltogetl1or. 

Tabla 40 shous tho pro(.1uct1on of 002 f:.:'om U11
J.C alanine, 

in 1i11e praoenoa Of pyruvate tJlld the inhibltot's, Add.ition 
of non-l0.bolled. pyruvate did not altor the CO!.") produotion, 

G 

l:lbich 10 unolcpactod it nlanine is oUPposGd to cntortho 
c:l:trl0 0.01(1 cyclo via conversion to p~uvo.to, for convo1]sion 
into 0°2 - surpr!sine;ly. tho l)roSOnoG of fluo:oacotnto 
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OXYGEN UPTAKE OF RAT CORTEX SLICE' \~ITR 

10mf"i L-ALANINE 

·FIGllRE 24· 
•• '1 j n 

. I 

I 

139' .' 

1bmM 
COSUBSTRAT 

PYRUVA-TE 

.. ~: '., . 

:FLUORACETATE 

FLUORACETATE 
+ MALONATE 

OA7Ssn uptrikoofa .100 ms>rat brai...'r).·sl:Lc$·incubatad 
td1th 1 Omrf, alnnine, in the) 'p~osenca 'and qbsenee '~f 10mi~1 
cosubotrateStUld .inh1bitor~,-·pyruvata, 'fluoraootate,: and, ,.' 
fluOracGtCi,;o + . Ilo.lono.to.

i Ine ubat ion , eon~a.ti6ns as dooc:bibed ,in 
c~a.pter 2,. a.nd~ethod of. additiono£ inhibitors 'as dGOG~t"'Gu.;; . 
in 'Chapter 3 •. Poin~D· arG~1?e moans o£ ; ~alues. . ' 
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TABU!: 40 . 
co.2 PHODUCTlon BY RAT BRfiIU'SLICES FRon U140 ALANlflE 
I~ITHE l'IU~ENCE AN'n l~J~C;ENCI~ OF COSUDS2RliTES AHDINIII13ITORS • • n.. j .. R J. iii J _. I' , .., I. •• -- . 1 "'. , . ., .•. -. t _. t I . . ' I J 

CooubtrLTate 
PP. ~":ttor 

none 
slucoae 
~ate 
fluoracetate 
" . 'alone)'.·,. 
fluoracoto.to 
+ malono.te 

.......... i . • I 

302;t;;5 (12) 
370+36 (10) .. 
254+61 (10) -249·t-17 (5) -
25.t~ (6) 

·t .. I . ..... . .• . I .. 

COo production \'10;0 measured. in rat brain slicos incubated 
t.'1ith 10mB U1lt4C L-alanine as doscribacl :1.n Chapter 2.nothod 
of addition of! inhibitors ( 10mr'1) dosoriBed in Cbaptel1 3ft 
Results eltpressed ao menna !,. S.E.IvI.s of numbers of' 
ax:porj .. ments in bra.cl:ets.-



• 

baroly altored. -t;ho 002 prOduction, l;lh:tle thnt of malonate 
combined. tlith fluorncotate nlmont reduoe~ it to zoro. This 
mn~ indicate that alanino is able to antot'thocitr:tc acid 
cycle after the citrate a,tap, but bef01:G tho GUC 0 inate 
stop. (sao l?!e;ure 10, Chapter 2. pngo 72 ). Ona possiblo 
ma~haniam l;1ould bo the' eonvoroion of alonina to propionyl 
OOA, t'lhich is oonvortod. to suocinate via. prop:tonyl 
earbox;vloool thioonzyma .. baa 1.100n, demonstrated in Dome 
molluscan tissues, ( God.dard and Hartin, 1966 ) .. 

. Alternativoly, aspartate and alanine nro:tnto:t'oonvortible 
through decnrbox.ylo.t1on ~r 002 fix?tion, ( Lioret and I-loysa. 
196;5 ) andtl1:ts may also baa menns, of' entrY of alanino into 
the c:rcle, thoUl3h tho fo~mat:Lon of ~lutamato t'JOuld stUl 
bo inhlbitod, as it ~lou1d' involve go~ round thocitrlc 
acid c:yelo in VGverso throUgh succinate. 

TabloD 41o.nd. 42 ShO\'l tllospeOlfl0 actiVities Of the 
amino nci<10 formed trom tJ140alanine. in tho p!'Gsanoo of 
pyruva.:ta and the inhibitors, Addition of pyruvato caused 
the speciflc activit-u ot the glutamatoto be t't';ioe tho 
value eomparod to incubut10n T:11th slanina alone. but that 
Of glutam:tne \'10.6 reduced to a. tenth, and thorOt'1as no 
change in the othor amino acids. Table 1~1 showo that 'tho 
ru:ldltlon Of tluot'o.cQto.te alono os supposed. inhibitor gave 
values for thespeoift~ activities Of the amino neida 
similar tothoseobtninod by usingglucoas as coaubstrllte. 
Glutamato, aspartate and GMtt\ \tare docroasod. by around. half, 
compared to incuba.tion \;11th alanine alono., Add. it ion of 
malonate and flUOracotnto to alanulG ~ld not, oont~ory to 
o::tpoctation, doc%!oasa tho opacUic nctivitios furthor., 
compared to fluoraceto.ta n1ona~ It is purprisin~ tbnt 
ineorpol:iat:Lonof rn.d.loacttv!t:r fromalo.nine occurred at all 



i'ABLE 41 
.~ ,', 1\ d, .t b ., .: 

SPEOIFIO AOTIVITIES OF FREg AHINO AOIDS IN THE RAII' BRAIN SLIOE 
AFTEl1 11JOtJBATION ,'JITII U140 AJJllllnm, ~JITH AlID \'JITrrOUT 
COSUBSTIiATEB AND InHIBIT-ORB II¢.' f ". .. ,. ' '1 •. 1 t 11 " f .tW "'"'*. sr , n • ,. t - ,. .' " At 

Oosubstrate 
g~1 Inllibito;c, n 

nOlle 
elucose 
p~uvate 

f'lnoracotate 
fluOraoatate 
+ malo nato 
.... fat"'r :. F '~ 'I lfi 

D,is, intL min"" ~~umole 
'I • , " • ~ d. ':\11 'if P ,I "I L 

illl ,GLUt, r It' AS!! G~i. ,GABA 

224.t~6(1JJ.) 1l~0.t19(14) 24~5:t70(9) 202i54(8) 
166J;1;;(11) S3;j;8 (7) ?1!8 (6) 79!12 (7) 
l~19!55(10) 196;1;42(7) E;j;6 (4) 255;::47(7) 
154--t2~(5) 5517 (5) n.d. 56;t13 (5) 

%j;12(6) 110~14~(6) !56;t4 (5) 121:,t1G(!») 

I" I ,"r , T 

TABTii-;; l~2 
I I I' "I I 

POOL SIZ~:S OF FHEBAr'lINO ACIDS In HAT BHAIIl AFTEH IHCUBATIOIl 

\'lITII10mH AT.JtHIHE \'JITHAND l~lITHOUT, COSU13STHATES AND nnlIBlTOHS 
b 'I _ [If I. 1 J d II. .. J . _, ttl 1 r •.•.•. , bt t, • . J •• t. ,. t '. ,00' n,n •• F. 

cosubstrate 
or Inhibitor 

_ '-, J '.IT I. ~ a.Nt '"_ 

none 
glucoso 
p~uvato 

fluoracotato 
fluor,aeetata 
+mOlonate 

1 n 1 tI 

GLU "- 'f'-.ra T ", 

4!)+4(14) 
, -

90+9(11) ... 
9719(10) 
52+2(4) ..... 

144+8(6) .. 
.' " $ 

ASP •. $' . 

7/;t7(14) 
F}2+6(11) -S4;t5(B) 
92+4(4) -.28+;>(6) -

GLl\f 
1, 

GAM 
I I 

;50+5(13) - 20+;; - (8) 

93+17(8) - 94+14(11) .... 
52+8 - (9) 29i-3 .... ('1) 

4;+3 (5) 26+2 (5) - ... 
69+4 (6) 20+2 (5) .. .... 

I ., P" U n 

Slicoo of ratcoriJax \:1ere incubated \!lith 'lOot'l U140 alanino 
in tho prosonco ruld absenoe of cooubotratos or inhibitors, 
and opeoific nativities end pool aizoa of the tree amino aoids 
doterI:1inoc1 as describod ill Chaptor 2. startinG speoific activi 
ty of l)yr,U!flte =100,0, dPm/m/~mOl,' 0," lJeoulto (n~prQt:J~o<l 0.,0 
means + S.J!.i.r'l.s ot numbers OlGXp01Jl.n1onto in braokets. 
n.d.~ not dotected. 



undor those conditions, since tboproduotion Of CO2 
tIO.S practieall;v zoro.. I?u~tbGrmorot tho poisoned. slicoll 
appeared. palo andcr1nklod o.t the end. of tho equilibration 
periOcl. bafo·ra tho addition of radiooctiveolanina. and 
seemed in nocondi.tioll 'to co..vri/ out metnboU.c 'trans- , 
formations. It is notet~lorthy tl1at Kiniand Quustel (1959) 
found that malonataabulishod theil?corpOration~f radio­
activtty from gluoose into amino o.oids. It io clear thut 
intol'convornions occur t'ihicb arG obsoure. 



ClIAP£!~n 1+ 
... ", I. If' '1 

Supplemol1t~~ o:l:parimenta t~oro performed to confirm 
oar.!1ox- find:tngs bn tho oompru:-ativa metabolism of tho 
tuninO ao1ds in "bba rat and octopus brain. ~rhoso consistod 
in testing for not1vo uptolte of 140 aminoc.oido !p';V'1tro . 
from tho Dlodiu.m in the presenco Of non-labelled. glucose 
to provido onore;:rt and the <l\k.',n:b1to:bive asSa.ys o£. .. oomEi 
of tho enzymes involved :tn tho .formation·· and. inte~ 
convorsions ot tho amino 001(10. 

JtO~:IV.B UPTfUtE OF .... r.ltm~. O .... fielDs ny . RAT.. JlJ~D O.c~1()PlJsn. RA._IU.· ·SLIOES. 
, t t , 1 ., ..... 1.'. I1Jt 11" W.J II *' 1 I, ........... _=. .. I • • I H.... •• ." f ..._" 

Thaphonomenon of onarSW"-dapon<lent uptake of'funllftO 
oeitlo by rutbro.in sllooo f!;!~t·FS from the medium tilOS 

disoussed in Ohapter 1.rlae;ata at 0.1. (1966) usod uptako 
os 0. toot for ahot'1:1.ng that GfJlfl. t'zao not involvod ill tho 
metabolism Of 'isolated ra.t sP1no.1GC~fSlia.· SinOG ztn 
Chapter ;> tttn:m SllO\'nl that Gft..BA \'1(10, not formsd· b:r OOtOl1US 

'bt'ain olicos, Ulldor conditions \'1hore it t'100 formod by rat 
brain £tl.ices, sliceo of octopus and rat brain \'10rO tested 
for t"tc1;ivQ uptaltG of G.l\,BA.:tt 1.;10.0 also useful toteot 
the othor amino o.c1<1o, smOG tho s'Lwyof uptako in tho 
ootopus could llavo implications (ts t'cgords tht) comparative 
tlOmbrrulO propertios of tho t\!10 aniulo.ls .. 

Optic and vort1oa1 lobo and rat cortienl 01100s t-:ore 
incubated i'lith 1Omr"1 rndioactivo glutamate, glutamine. 
olan:1nc and GAD"I\. 111 tho prosence Of 1Omt-l Glucose, and 
tho conoentration o£ radloaot;5.:\ti.t7 perUl.l!t volumo of 
oUco and. medium. determined. as de r.1oribedin Obaptor2. 
140°2 \'1t.lS e.lsooollectsd. TablE) 4;5 SbO\'1S tho uptoko Of 

the four amino aeias b:r rut ond. octopus brain .slicos. 
Tbe ratiO 'tIM greatol' thonfourtold :tn tho case of' 
Glutruno.to, glutamine and alanine in tho rat brain. 



Amino. acid . 
,. . 't .. ! VON 

L glutOlIlG.te 
L o;lutD.rline 
L alanine 
GAM 

TABLE 42 
1"'8 J 

, PR~~P, .1ob,O .vort:tosl '" ;tobp, Rntbro1rt 
O~83tO.0'7 (8) 1~03tO.2 (6) 4.13 (3) 
O,?O.±O.OG (10) 1~,s..-t0 .. 1;>(8) 4.80 (3) 
0.91+0.11 (ll-) 1.10+0.07(6) 4.'1'1 (3) - .. 
O.52Z0.04 ('7) O.5?!o.03(6) 2.01 (3) 

q. ., u nt' ~ 1 , r ., .... .••. 111 b... -. 

Sliceo of rat; and ootoIJUS brain \'lera inouba.ted at ~'fJ and 
250 respectively for 2 hours, in the presence of 100H Uof14C 
nomo aoid and 10mr~1 non-lo.bellGd Glucose. Coun,to por unit 
volumo mediur;.l ond olice tJora detormined GO deocribod. in Ghaptor 

2. Results o:cpresoed as rutio counts per unit volume alico 
/ oounts pel' unit Vol\unOmodium, giVO!'l as tho moans ± 8.:8.r·1.a 
Of nWlbel':o ofOltI;Oritlonto in braoketis t uhore pos!Jible~ 
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In tho octopus bruin. tho ratios, barely roached unit7. 
after tt10 hours inoubation, anci tho vo.lua for GAllA lIas 

only 0.5, :tn tll0 rat brain also., tho value for GADA 1.'laG 

also half: tha.t or tho other amino neida. l)ut this still 
amountod to greator than uni~. Tsukado., Naguta,'Hirano 
and Ho.tsutnrd.. (1963) also found tbatGADA \'las talton up 
by rat cortox slicos to 0. lessor Gxtent thanglutamatel 
hOtiOvor. "glutamino una taken, up even loas tllfln GPJ3A aftor 
one hoUt'. Al.sO,_ J31o.sbOl'B and~9.;jthu (1965) found that 
GAnA \las tah--on up bymous0 bre.in slices to tlgrantoJ:! extant 
thanglut.wna.te. So it \'10uld seem toot the result£; obta:tnod . 
. depend on the inoubation cond.1tions, and it una hoped that 
thoueh tho values in Tablo 4~ d!dnot correspond Glroet~ 
\1'1t11 thooe ofothor o.ut'hot;ta.. -thlt;J. ~'lould not affoct tho 
comparison mo.de hero bot'Vleon rbhe rat end octopus brain. 

Table 44 abo\l:lS the upttlke Of Glutamato' at zero time and 
in tho pt'ooonceof cyanide,and oonf'irms tha.t tho radio­
ac1;!lvitzt founi11nthe slice is only duo to surfacE) adhoaion 
to a sm,,'-ll ol..'iient" and that tho acoumula.tion of glutamate 
is enorgy-dependont antl nono1tivc toeyanido, though passive 
d.1£tuoion does occur 1n the presence of cyanido. 

T .. ~44 
L ,t.. 

!t~f\Irn OP Ip~l!T~1.r·~;'C..t1g_:t;?.!lY, 'PJl'j1 13H,A~l.h 'l1-P . ;VJIT1~Pp 
xpndi tipnp pl!p,"m.0ft1um', r,a:pl0, 
Zoro time inoubntlonO,11 
1-hourincnbntlon 2.96 
1 hour inoubation 0.80 

\11 th 5tnr'1 ROft 

.... III -II • 111 t • II ... J ' I.. I I I~' ".1 II. 1"111 iii. II I' 1 I ..... ,. 

Iloaults oro expressod as in To.bl0 l~3, ancl are tho m.o_ 
ol: t"'110 vuluos.' 

i.Ii •••••• · ........................ Ii ••• Ull ........ n.l I,t 11 'j. r. 
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Slicos of octopus brain t':oroinoubatod for lonGer 
titans t'lith U14c glutamate. to DeG l'abethor active uptake 
did occur, but moro slowly than in tho rnt bruin. Tabl0 
l~5 shOt'IS that oven aftor £our hOUrs. tho sllco/medium 
concontration ratio tras not muo"h greater 'bbonhntty. 

Vortical lobo 
I .11 .... I •••• n, a t n 

0.68 KH 1.0;1 .. 
1.62 (1) 

• I .• '.., ..... _ ........ 1ii! ... ftIIIl8( ......... ,Cd I •• 1 ... _ ........ "b". PI ", 1 I' 

Rooults aro o~easod. QG :tn 'Table l~3, and arc the means 
of the numbo'I's '0£ G:l!po~1mentD tn braokots., 
•• liT t 

Table 4Gl5.ata tlle COel)roduction by octopuo ond rat 
bl'sin. 01100s aftar incubation t1ith .thasosomo omino nc1tlo. 
Tho amount of: COa formed from glut amino and glutnmate by 
ra.t bro.:1n slicea~111o.SGVera1 t1meo Grenter tl1an that 
tomed by the ootopus bruin. Also, octopus bra.in slicos 
did not convert u1110 GABA tnto 14002 at all. 1n oontrast 
to tho rat ,brain. HOt-Jevor. nll3Jl1ne gave oomparublo values 
in all ~hbree tissues. TherCtfore,in sp:Lteof tbo 10\'Jo1' 
temperatura of inoubation and slo1:101' rata of entry of 
alanino into tho ootO'nun brain in ~'ltrbt' 0.0 onot'iD. 111 tho 
. . ,..,- .......... 
previous soetion, alanino seemed to bo o~:idisoa to 002 
to a groator O:l:tont, compuratlvol~. than in tho rat 'bra.:i:Jl. 
In contro.st, GlJ3A is ox1dtood in tho rat bruin through 
the GAJ3..11. ohunt pathway (Roborts,19621 SGe 0.100 fiGUre 
12, Obaptor 2, paGe ~2 ). GAl3A tranoaminaoo converts 



COUNTS INCORPORATED!IW]() 002 BY nAT PJD) OCTOPUG BRAIN 

SLIOESIHotmATED ~lITH U14c .t~plI~ro ACIDS 
l1li ~. . . • t 1£ .' P ... ,J . * .. -4)t rig. , I, I -' • I •. fl ,. n r' _ tI 

p!iaintL~4DL· ~O~QP.S aubstrptp.L {liB F:l'p,te1n 
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U1l~C amino 
0.01(1 •. . ' Ver'tical lobe 

'J 'T" F'" .,. •.• Un t b:co.in • f,,, • f •• 

e;lutnr.ll:1t'G 
glutamine 
alanine 
GABA 

l~57·rSL~ (9) -9501290 (If. ) 
218+1Qlj~(4) -

1111:-+15 (6) -986-t 185 (/J. ) ...... 

8l.J....t30 (4) 

n.d. 

3700+205 .,. 
1/+;;5 

370+36 -
1l~?O 

(6) 
(,) 
(10) 
(!)) 

tMtiL.ll," , n;;"'~""._""'4-n II'''''''' ,~"'f'Q.' .. ~kt, fl •• e. ~_,"'_. _. _"#f"_tt ___ ''''_. __ '''_ •• _~_._t_ .. _Iia ._._. n'!lll'fO,,,-,,,,,,,,·'e_ .• _ .............. _ ...... __ . 

Ineubat:i.on of rat b:cuin slices \'Jo.o carriod out as doscriboo. 
in Ohaptor 2~ Glltl footnote of Table 4·3. Results o)tpresnod 

as means + S .. E.H.s Of numberoof O::tparirJont·s in broo};:ots, ..,. 
\'JhGra poofJ1010. n.d. ~ not detectod. 



GABA end. rA kotoeltttaro.te to glutnmnte and Stlccinic 
somialdobydo, the la.ttO:i1 10 o~1d.:taoc1 by its speoific 
dohydrogenase toauoeino.te \~lhl0h iseonvortod. to 002 
through tho oitric acid cycle. Thoreforo it t10uld soot). 
thnt tl10 ina.bility Of theoetopus brain to o~:idiae GADA 
may be tlue to the absence or GAB!). tronaaminnao in tho 
ootopUS brain. Uoberts and Simonson (1962) bave alreadu 
ohOlm that G.~D is virtuallu ~nbtJont in octopurJ brain, and 
this io confirmed in the following section. 

:~uzn'iE LEVI;W ;TU RAT .. :A.IID ..... OOTOPUS DP.UtTr. '1. '" " III "11' it" .-_ :=. .. . _ .............. _ ... I. I I _ = 
Theenz3mo asOOYS \10rO carriod out 011 tlaoue hOlllOganatos 

0.0 iloocz-ibod. '~ Cbo.ptol* 2. Xt must be notad "ohat oqtopUS 
brain homoe;enatoo~10re maile from frozon solid, ollce-thal'1ed 
tissue, and.'rat brain hOJnOGenatos from fresh tissuo .. 
All enz;vmos "Jere nsO~d\'lil1b and tvithout pretreatment 
\'lith Triton X-100 dotorgontua cloaorib,ed in Ohaptor 2. 

It ~\·tns . found. thnt difforont onzj'mGs ,\l1e:r:-e meaourec1 bost 
at dlff'orant tissue conoentrations ",Moh \'10re fit-at found 
eitparimontally.Tlle most, sonsitive, ropr0 due ibloand 
convenient methods trlere :found. to: be the spectrollhotomatric 
mothod~t since thoN X'oCJ.u~ed tho loast tisauo. ana. 
reauinso ntoevoral. timo intorvals could. be ta.kenon a 
s!ngl0 aMplo.Those tIara GDU. t'J.AT and. Ala-AT. Although 
the GJI]) aaony t'tM nsonsitivo radloohomical mothod., graator 
tisn\1Oquantit:teSt'loro roqUired since this t~las found to be 
tho least act1VGOn0~e in rat and. octopus brain. The 
ossny of !lIm \-laa n "ole.tivaly crude ohemical mothod. 
Mf\P.~*.~\lt0l'!l1~P~~ s11ge1a.£.~~52:1as!. 

. Figura 25 oho\'1£1 the time courso of 140°2 ovolution 
from 1140 g;tutamato l?-t throo difforont tissue concentrations 

-~-------------------
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TAl1LE !~2. 

ENZYI'iE, ACTIVITn~fj If1 IU .. T AND OOTO:E'US 13Rl\I!~ 
1. • .,. ~. ~ I' I .... '< .' .. , U J I" ttJ • 

1UlD;91-!,pS."iflu~s .. tra.t.?, .c.on~eJ;..tfJp., ,Pf£ ,pp"O~9ina~ 

Enzyme Troatment OPTIO LOB1~ \TERTICAL roBE HAT. BRAIN 
\-lith 0.1% 
Triton 

______ .-•• _ •• ~_,~~~pt~ •• ___ '. _____ ·~ ___ ft_~_"'_.~_'~~I._._.I_'.~* __ ._~_.'_._' ___ "_ .. ·_;,_' .. _.~_*_1 __ .'_._._.R_._.' __ ~.' __ lr,~ __ r __ •• I_' ___ 
Gnn - 1.82 (3) 

0.13 (?) 
0.,,77 (3), 
0.15 (6) 

5",10 (3) 
0.62 (5) 

s tirnulat ion 14 timeD 5.2 times 8.0 times .... ,. l'iI 'J • I ... I' J. '1 , ' J PI .'" 8 ., * II PF ._ 1, r , 

AAT + 7.48 (3) 
2.02 (6) 

1.,,' ;J.~ (;$ ) 
0.95 (5) 

31.2 (?)), 
10 .. 7 (5) 

o t:i.mulat ion , 3, .. 7 times 1.6 titleS 2.9 times t. I - t • I T J 'T 

Ala-AT ... 
I ' 

g:4~ g~ 0.20 (;;) 
0_31 (~) 

I •..• r ", T' - 1 

g:~~ g~ 
stinulation 0.9 times 0.7 tL-nos 8.1 tines 

_.' ... * .Ie .. _ ...... _. ,. I .." .... '" _,.,. • • " .. 

GA.D 0.04 (,) - n,.m. 
0.03 (3) 
nwm. 

O~19 (:;) 
0.04 (3) 

It 

a t:1.mulat ion 4 .. 8 times 
••• ".. tad • P" I _ .... ,. " Alt , 

GHS - 0.58 (!S) 
I d { u • "J Ill ... It '''' •. III .. "j r rr "b ar • ut ".I!WlIj:'.. [, 

Enzyme assa.ys \"lore perfol:Inod as describod ill Chal1ter 2 on 
homoGona.tes or 1~nt und octopus brain t1:tth and ~,,'ithout 
pretreatment \,lith O.1~6 Triton it 100. All determinations 
at 25°0 o"oopt for rat brain GAD and GNS. performed at ;)7°. 
l1crJul to o::i:presoed 0.0 the ;:lCa."flS of nutibalJG of o:t.':porioonta 
in brackets. tho rrulge being ~ 1~G. n.m.,C1 not c~oo.aurD.ble. 
Also shown are values i:orstimulatioll by Triton" i.G. 
l1.ctivity "-lith tre.a:t,"l1lent G::prossad ao a. frnction of activity 
'{;1ithout treatmen.t. 

1 l II I 
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'i4CO,:> evolved 

d ' Ie.., 10-4 
~s rn~n x 

5.0 

4.0 

r 20 mg 
pr.0--tein 

3.0 

2.0 

30 40 50 

time (mins) 

~'I~URE. ~2 
GAD ASSAY IN I1A'1\ BRAIN 
I 

OO~ evolutiQll--byrut brain hOtlogenate incubated \1ith 
1- q·C Glutrimic 9.ci(l: inoubation nedium as describod in 
Oho.ptor 2. Curves ahOi'10 for three tiooue conoentrations. 

60 



of rat brain homogonato. Tho rates '-taro linoar "lith 
timOt and tho crraph roprosonts one G~:per1ment. The 
:!'csUlt Has calculated as tho tlCtUl o£tbrao s'uoh runs. 
/. ' 

Ba.luzsot 01. (1966) founa tho activit-y to be proportional 
to tissuo concentration up to 250 mg \<lot \:Jeieht pet' vessel 
for tho rut bruin. l?iguve 25 o'hous that linear rat'os \1era 
o'btainod. for up to 300' ms t:taoue, but hiGher concontl:G.tions 
llors not tried. j\..udition of aomioarbnzidoprootioo.lly 
abolished 14C02 forma.tion. GPJ) lovel.s "1ero verylOl:l!n 
tharat brn:in, (!J~nbl0 t~7) and ~:z.iton otimu.lntO(l tho not:tvtt3* 
nearly rivo times. In tbo o.aso Of the octopus brain, GAD 
tlaS baroly doteo'table. aotivity being eo lOt" that it could 
not be ncctu'ate~ measured. l,\d.dit:ton Of Triton stimulated 
this ac'u!t:\rJ..til to the un.~timu1ntod level found in the rut 
bro.in. 

!JDI11 I, ~~~t:l;ffia~e. fl.o~50prrPa. 
Figure 26 01101'10 1;110 fall ino,r',;inotion at :;40 mp ,11th 

title, at throca.ifferont tisaue conoentrt'ttiono of rat bre.!n 
homoGenato.. Tho rate \'100 linear \'11 tll time, and \:10.S alt'lays 
found to be 00, Wlleso tbe ooncentration or tiaDue in the 
cuvotte \10.0 too biGh. T.,n tho casa of GDB assa:r I tho most 
suitablo ranco of t1Osuo concentration lIas found to bG 
bet~I()On 0.2 to 1.0 tUG protein POI' ouwtte. J?igtwe 27 ohOt'19 

a plot of the total Gubstl'nte n lcotoc;ltttarate oonvot'tac1 
aGainst tho omountof tisoUG in thasnmplo t for rut ana. 
ootopus bl:uin. Tho (lctiVity 1s directly proportional to 
tissue 'concentration in alltbrea tissuos,httt the slopes 

'of tho octopus curves a.relo'1er than thD.t ;tor tho rut brain. 
(FiGUre 27),. :Liable 41 SbOt1S that tho o.ctivit-yof GnH 1s 
otim1.t3.o.to(l 8 foldb~ Triton in rat brain. 5 fold in vertical 
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extinction 
at 340 rq.u 

o 20 40 o 8 • time(m ns) 

FIGUP~ 26 ........... , ............ 
GDH ASBAY IN RAT BHAD! ... ,.. .. 

Fall in e::ttinction \,ll .. th time of NADII , due to o::!:idation 
by :cat b:r.a5.n l}omOeenataof. oIlt'otoc:;lutarate. Incubation 
oonditions a~e as described in Chapter 2. (1) , (1i) and 
(iii) represent 1, 2 end 3 volumes of homogone .. te. 
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GI)1l ASSAY IN RA.r.r IuD) OCTOrUS BRllIU 
I r J b 1 J r 

~40t of reduction of o(ketoglutarata ,against tissue 
ooncentra.tion oi' rat and octopus brain hOfJogenuuo. 11SSay 

conditions tvero o.s descr~tbed in Chapter 2. 
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. lobo o.nd 12 £'01<1 inopbio lobo bomogonato£:f. 
AATt asM!?tate ,aminotl"fOlW£erasa' • 
.... , I ~O.ir~ .......... 4 ...... _ ••• I "... rlu 

Thin tll.lJ'J 't;hc' moat activoonzi/tlG moasurod, in all threo 
tissue homo(~GnatGo. Tho most suitable coneantra.tions of 
tissue to usa rrulgod from 0.02 to O.1mg protoin per 
cuvetto.. liligura28 ShOt'ID tho t like anu, tho nmountof 
sub£rbro.to tronoformod \~:o.s propOrtional to t;110 0l110unt of 
tissue :to tho namploj thG alol,'>G of tIle curves for tbe 
octopuo b~ain being lot'1or tban thntof the rat brain. 
AGoin,from Table 4·7 :ttcan be aoon that !J.lrtton aetivo.iJod 
the onzj1JJO threefold in octopus and in. rat brain. 
A!Il,\ .. l~T I . alanine t.~rrulsa.m..i!'Jrule .. 
•• I r, ..... 1 .... --_ ... ,.1It .OJ. ~.'.' 

Thin Gnz:Jmo \:100 loss activo than. Gl)II or AAT. As in 
tho case of GDI! and. P..1\i]. the .fa.ll in e~:tinotion at 340 mp. 
1:1£1S linoo.r t>litl1 timo and "lith tissue conoontrations up to 
.:5 mg p:rota:Lt'l perouvetto. (This is not ShOWll gra.phioally). 
Tt*iton stiaultlted nln-Am o.ctivitu 5Jl rtlt brain homogonate 
tenfold. but that Of bo'ub op'tic and vertical. lobo 't'las 

unobc.ntjod. t.l1l1s was the on1y cone found l1horo octopUS 
(L~l rut brain diffored in this way • 
. Gi\lS, !1'lutamino S?'1~t;ha'base. 
.. 'r. W " .... ..... I ..... ~_ 1 l1li& I • 

This method uos tholeoat aonoit!va and accurate. 
Tho blanlt valUGt·1D.O his11 ( O.1S opt1cal (lenoity units 
on thaspactrophotomoter ) and small roadings above 'tho 
blo.nlt tl0l'!O obtained, so values \'10re erro:t:l.c; larSe 
nmotttlto of tissue could not be used. os in octopUs bro.1tt 
homogenates, substrate oonvora:ton \']D.S not proport1onal 
to twanG conoentration a.bove 1.5mg protein per sample, 
in conttJaot to the ~D.t. 't';herG :1:a wac linear up to 4· me 
protoin par oOllple~ mbis:1o abotm in Fif~oS 29 and ;)0. 

Tho activity in tIle ootopUS br,o..in \,10S co.loulatodon the 
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Mm ASSAY 'IN HAT AN]) OOTO:PUS DRAIU 
.......................... .......... ... ',. .... ,: .... 1" l ... ., '11 ...... ~... F , 

Plot of substrate convorsion uc;uinot tiastie concontration 
of rat and octopus brain homoGenatos. Assay condit.ions \10re 
as do soril)ccl in Chapter 2 __ 
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Plot of substrate transforrlled 8e;a.inot ooncentration Or 
ra:tbrain homogenate. Assay conditiono \'ICrO 0.0 u,escrib~t(l 
in Che.ptcr2. 
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e OPTIC LOBE 
x VERTICAIJ IJOBE 

5,.0 ~ 
mg. protein 
in sample 

Plotioi f3ubstro..te oonvertcd &sa:i:1.'lst coneontro.tion Of 
optic Gnd vertioal lobo homogenato in sample. Assay 
COllditiollB \,j'o:t~o o.s c1eocribed. 1.'1 Cho.~tor ;:2. 
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basis of tho 1tl:tt1ol linoar ratcDI presumo.bl;y aotiVit7 
fell Off a:b high tissuo concentra.tions beoause ot the 
preaonao of ATl?o.se in ~thet1ssUQ, as suggestod by Ben:l;. 
(19G6).· GUS ··WQsnot moo.sured in tbo prCaOllCGof' Triton. 
ActivitioGottbe , ens, .'M'rt.' , : es. • ',1m, ... It ~. _ II II II I ,VJ7iI I 

Tabl.a t~7 above tho aotlVities of all tho GM;ymes 
moaeurod lm1.th (md \11th.out ~rriton protreatmont, in tho rat 
and octopus braSnt and 't;ho parcontugo aot!vution of tho 
en2iyoao b~lJ;r1ton. Gonet"a.l~t vDl.ues \;l(llYO 5 times hiGher 
in the rat brain cOtll~ed to tbe ootopus, \1ttb tho exooption 
of Tr1ton-unstimulo.11od ve.1uoa of Ala-AT. \,1h:tch ,'lers ot the 
saIne ovdor in bothonitk'1la.. TbiS tIna yet anothor il1dico.tion 
of' tho volo.tlve quo.nt1tatlvo siGnifioanco 0,1' tho motnbollom 
of alanine in octopUS bra1n an notod. in the previOUS chttpter, 
Gt~ !n contrast had n vorr low aet!~1lty in tho octopus 
brain, 1..'1 aGreoment ~nlth Roberts and.~limonsen (1962).; The 
10\:1 GADnct1V!t:r. togotho:o \1!th tho nbs'once of COa 

. prouuotion tromGliBA ShOt1S·bho.t vo1!11:tttl0 formation and 
motabolis~Of GADA OC01Xt'O at all in tho octopus brain, 
thoush it to of quantito.tlv~ 1mporto.ncs in tho rat b);ain. 
( SalgonioOf't & Do nObartiG, 19(5). 

!;:ho vtlluos of the onz:imo activitios obtained horo, 
for ~:riton.treatoc1 rat brain homogono.teo are :tntbo sams 
order os those obtainod bzrBalaza at al. (10/06). "lhostudied 
tho activities and. stiboellulw localisation Of the enzymos 
ooncornod. t'1itllthemo'bnbo11sm of amino 001tle :ttl. brain, 
ospocio.lly of GADA. Salgnnicoff·~ De nobortas (1965). in 
0. oimUw :lnvootie;o.tion, found that GDH t'1as m1tochond!:ial, 
that AA'j} anel Ala-AT \10rO loeo.1isGd po.rtlil :tn tho 
mitochondria ao \~lallas tho soluble fraction, and G~J)in 
tho nc.)2Jvo.ond1ngpartioloaot the ,rat bruin.. 1'11.03" ouggofluod 
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that Trlton troatment roleasod. the ontymos looo.tod inoide 
theso po.:ct101(':s. npplll1sntl;r actl'tTtltinS them. On this 
basis. it is possible tbat Triton did not stimulate 
Ala-AT becnuso unllko tho rCtt G1'l.~:9l'!lO, it io located. 
Qntiro~ in tho solublo fro.ct:lofi. BO\'lover, Table4Z shotts 

• 1 • 

that GDU and. /tJJ,T "lare stimulated b~ ~:riton to tho £lama 
extent 5Jl both bl'o.!ns .. impl:yinc; tbat thotr subcollulot' 
distribution m~ ba similar in botho.n1mals. Salgnnicoft & 
De Robortis (1965) also found rat bttain (~AD 1.:100 loco.tod 
in tho nerve-ending particles. The fact that Triton 
stimulatos the vary low GiLD aotiv:lty altho octopus brain, 
tasmaU but mansttttabl0 wlues indicates that octopus 
brain GA.tJ :to alsO pt:J:tticle-b·ound.. 

-TIlE ,.HETABOI,:.J,l:Sr-101£,GLUT1H·1L\.mE iNTI,·m, ,oororl1s BRAIn, 111 vrg:o • • * b, ,.. '",. dll ,I I IT n.1It ',I III. i.. . U J'" • ,It • II 'l1li •. I , <II II . 

S:l;noe no~l at 0.1. (1961) obtained. :1ntorcst!ne; rosults 
biT in~eot!ng U140 glutnma.teintraolatemally into tb~rat 
bttaint ( those a,rs d.1seusoed 'in Chapter 1 ). the name 
e,:per!ment tina l'Gl?Oatcd 111th the o.ctopue. 30 )ll.Ourieo .Of 

hiGh npeoifie o.attVlty tJ1~ ~lutamic o.c1d in 0.05 m1 of 
O.9~$ sal!ne tto.S in~ootGa. into thE) br~in cnVit:1 of the 
octopUS uoint; the toebniqt10 descrlbed in Oho.ptGr2. g.tbo 
animo.1st'1ettokiUed. 1$ minutos, 30 minutes .anUono hour 
flfte~ intjootion and tbe optic ancl 11ort:tc~l lobes t1'orlted. 

up as dooerlbod. in Ohapter2 tot' the dotormino.tion of tho 
spoci£ic actiVities of tho amino acids. us1ng theautomatod . ' 

amino noid ,an,nlyae2.". 
!1:ho reaults Of tho oj::per1ments \1CrO V(!J'fJ!yintorostinG_ 

Table 4BshOl:lothespoeific natiVities of aspartate, 
alanine t:..ntl. glutamine at d:l.f'forantt1mos. relative to n 
vnluo of 1000 for Glutamate, An optic tmd voptical lobe, 
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os. 1'1011 no tho dnta for the ~D.t of Bot!lot al. (1961) .. 
. :&"iG\Wos ;1 (J,nd 32 ShOt1 the d.a.ta for tho octopUD. ill 
grnphical foro, for the soko ,ofolarity. Act-ua.l specifio 
acti,,-itieo variod \'l!dely for oaohbrain, depending on tho 
time of kUlinG tU1cl tho diroet'Tloso of tho irlileotton. 
All' tho results \'1Gt'G thorefore calculntedonthc basis of 
the opaci.f~o notlvi~ of cslutw.natG heinG equal to 1000 dpm/a 

jUIUolo. Otiiter. non-cJl1:!:noac1d products, ouchao lactato. 
pyruvato and gluooso, \10;tto noli 1UeMured.. 

Tho c~apha shOw that in optic and vo~tieal lobo, tho 
specifio actiivitiosof c;lutamino, tlspartato and alanine 
'Here lO\'10r than glutrunate at 1!,?ond ~O mil'lutco, ~butrooe 
o.ft~r one hO~. rr:bat of Glutamino rose foharply, up to 
fo\.1.r t:im~o that of Glutamato I antl -tho SO of. alanine and. 
alJpa.vtate to lovels lOtlsrtl1an glutamato. Barl ot 01. 
(1961) lU:eu1ao found tho speeittoactivity Of clutatline 
in tho rat brain \'laS tour times that of glutamato, but onl1 
;) minutesntter tho !.n3aotionof U14c Glutamate. ThO 
offoottla.a attributod. to tho presenoo of tt'10 pools of 
Glutamato in tbo b!t1oin.not in lZcad;Joguilibrium t1ith 
oaoh()tbor; in;)ootod -glutamate minr).ed. \lith the sma11el' 
pool. in t'lhiob Glutamine wa.sa:ynthesissd from glutamate:. 
l~jttro.otion thuo dil~tsd t;ho clutOJllO.to to on apparent 
npooific activ1tzt 10\;101- thnn the glutns1ne, thoU()h tho 
latt~r \-;ruJ in faot formod inoitu from t\ llibho~ opeoU1c ,- . -'1 .1; 
act:t.vitst glutamato. Tho effeot .fall off t'lith timo as 
oi:chanc;o occurrecl bottlGOn tho' tt'10 glutamate pools. 

It1spooo1blo to ol::}.')lo.in tho lonGer t:tmo for tho 
of£ootto monifost itsolf in the octopus if one r·Gmembors 
tho ovort'tll olo~ler ant~or amino acids into tho octopus 
brain, and. i,ho 10l10).; bodi/ tem:pora1.,1l3:0 Of tho ootopuS. 
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If Wl:i.ng \JOO delayed .f01' several hours. prooumab~ 
the specific activit7ofglutamino rolative-to glutnmate 
\'10tu.d 'fo.llus in tho rat., but this \las l10t testod, O\'ling 

to a shortoGo of animals., Bot-lover, this find.ing docs 
point to a t"'Ho-eompartmant system for glut;rirnata metabolism 

!. in tho ootopus brain. liko tho rat brain. 

'r;1A1~L:r;'\ -48' .. t'"\J. ~>1,-*,.l .. ' , .. 
SPECII:"\IC ACTIVITI.ES \ OPJ?lmE J.U:.IUO .i\.OIl)S Ar·\T1~H:rHJI~~CTIOH (iF .. ~l} ....... It - - .... .,-~ , ... _ "'.. .. •• W.. .1.' '~ . t. "~I.\· • I .. __ .......... I_ " t I II iii 1 . 11 •. -

U ' 0 GLUTl~nAT1~ .IltTOl1AT i\ImOCTOI;UG BRAI!~ !n VIVO 
•••• F.,,:. I U b'" • r If" •• " '$, . f, .' __ .r ••• Itl I a"., ... 1@ .... d tlU, .... J." .. 

!)isintt:min i m Umolo r,. •• , .J . .L i, .~ ... 
T.ima.afte" in·1ection 1, ft 70· 60' ~I. II' ' ••• ~,' .• 1_ •.• __ ·_.~~~~.~I~~_._t._"_"b_·~2~.li~!_'_U_I.~rl~~_~I~~l~l_'~-.~A 
OPTIO IOBE ... _---, .. 
GJJU 
ASP 
GXJ:lJll~; 
~ALA 
GPJ.U\ 

GLU 
A[~TP 

G:GIHE 
!fJJ~ 
GADA 

HAT HHAlt! (I 
.n Ire r It •• 

GTJU 
G!JD:113 

1000 

l~8 .~3! ... .... 1")2 -.., :>, .;J 
~·9 (2 
70 (2· 

1000 
10 (2) 
11:;(a) 
78 (2) 
n.cl. 

1000 
5000 (2) 

1000 
2 .. 20 (2). 
500' (2) 
110 (2) 

n.c1,t!\ 

'1000 
3500 ;(2) 

-

1000 
2600 (2) 

, 'II'~ ' ... """. E ,. It • If ., •• 1 I 'I 1\ •• *' . it iJj':a ._ I" f.· .... iii .... I'IQ ... , ........ IlJ 1.Ilt' i I •.• I 

* Data frOfJ 130rl oto.l. (1961) 
U1L~O glUtCl.41ic a.cid tILlS injootot1 diroctly into tho brt15 .. n ana 
animals l~illoclo.t different timos for detoZ'L.lino.tion of tho 
opecific D.ct1 vitioo of the amino nc:tdo, as {loac:l~ib0(J., ill 
Chal)tOI' 2. J1eoul to erc the l;lCG...'lS of the numbors of o:;t:pet'iments 
in brttokoto ~antl :1rO o::tp:t'oonad ;:; S.J~.B.o uhoro n oxcoeds 3,. 
n.d. =110U cletoctod. 
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At tho tloment groat advanoes are tald.ng placo in tho 
metabo1lo o.31ea of mammalian brain' biochomistry, though th!s 
startod !SO yearsngo. Easic metabolic patht1~s and enzumos 
have boon knOtm sinoo the disooverieoo·f Embd.en and l'IeyerhOf. 
and Krobs, but much ltlOr& knO't~lodgeo.f the distribution of 
themetaboliam \'lithin tho different types of colls in the 
brain and the suboollUlor organelles is essentIal to 
unc10rstand tho ltlorld.nr3 of tbebrain in ove7!3 aspeot.The 
connootlon bot\'100n the role Of: the amino aoids ( particularly 
those linked \1ith the citric acidoucl0 \1hioh have foatw:'ed 
in tbe foreGoing chapters ) in carbohydrate and protein 
metabolism and the e}ro!ta.tor~ propertiea of tho nervo eoll 
is stUl. unknOt>1n1 thou Doem to be involv~d. in tho onorG3" 
meta.bolism of tho nona col1 :vot also posolbly .function as 
transmitters, and the m'lO properties are unlikely to bo 
complotely independentofeachotber. 

!l"bel'O tll'O good roasons fot' inve.otie;o.tinQ; n few of' tho 
biochomical properties of thooctopua brain. Hemarkable 
advanoes have beon mado 1n theelualdntion of the design of 
the bra!n by tho usa of tho octopus, which haa led to the 
bag1nn:1ng of the undorstanding of tho actual. l.'lorking and 
OttGo.n1aatlon Of the mo.mmo.lian brrdn \;lbieh, thoush far mora 
complex, still llOSSGSSaa ( so it 1s thought at the momont ) 
the same undor~ units of oreanisation, onl~ they are 
thomselves organised ip. 0. moro complox manner. 81mUnrly 
it is reasonable to bolievo that the stud.3" of tho bio­
chomiotX7 of the octopUS hra1n .'·IUl ~avol proportioo 
obaraoto2:'iatic of all nervous tissuo, 1r1b1ch bnVO boen 
olustvo ·in tho Qommalian brain on aocount Of ito graator 
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complo):ity. Aloo, comparative studios 1nsoveral aspeots 
of bloohom!at~ have revealed. that basic,essential properties, 
suoh a.o the ~ol~lc patln1~, tbecitr!o ae1d and. urea 
oucloa aro common to moat Of the speoies st"Ud1ed.. Xn taet. 
only a varrg smaU nU1llbol' of spacinG havo act~ally been 
st11disd and tond to be st"1ld1ed., but they do rspresant 0. \!Iid.e 
range in tho an1nnl Itingdom, 
plt.t~rgAq.egt .bo;MwP,oP FI~hp_aPjtJ&!·B1f!i!jl~rt1~.~. ,1fJ1'.e. 

Intb1s liork,oXlly the oo.PQct of 61uoose and om1no 
acid metabOUsm 11100 inwat1gatod. I.t \'las hoped. that the 
comparioonof tho mataboliomoi tt:l0 ol1obonutott11eaU,- and. 
fUnot1onoll3 dltfottantlobGs t'10u1d. 011Ot1 fUndemontal 
biochomical difforeno·es J1Gfl~ct1ns tho runotiQno.1 dJ£fol1onOGs. 
:en fact,only a vera few isolated ins t ono eo of this kind. 
oocUX'red. l:1h:Loh ora as Ue'b lmpoasibl0 to interllrct du.o to the 
sbortago of da.ta. but anattompt \~Ul be mode to summor!a~ 
these dlffGt'oncon and. spoculnto on thoir posolblomoaning. 
1. ThG10WG21 aminonoid contont Of thovort!cal lobo 
compared uith tho optio 10'b0011 nproteln baaio,\'litb the 
exoeption otalanino ( Table 7).. The ;1ol.e.tivoly higher 
level of alanine in 'titlO .vortical. loba m~ bo d.ue to its 
hiehet' oontent :in a partlculatt t:YPO Of CG,llin the vertioal 

" lObe l'n tho r than 0.11 tho cells, ancl this question t'l111 only 
bo OllStlerod b~ tho aeparo.tion Of the (litfot'ent cell typos, 
perhaps according tothoiv olaat .:In ordor to stud3 tboir 
1nal~dual properties and matabol1sm, 
2. tcho lOl:nnJ~Of tho o:;ygou uptake Of vertioal loba 
a11eea b~ tllo addition of gltltamate to tho hloubatlon med1um. 
evon in thoprcoonoo of slueoae..Tbia in a. peculiar propart~ 
and not readily e,:plioablo. if tho prosonco· of clutamo.ta 
enuaod a net bx*QDkclO~in of ATP as in the rat brain alice 
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( \'loodman & t-1CUl:lain, 1961 ,. ona might OltpeCt a. rtae 1n 
raoplttation, In fact it is not cleat' tt1hzr thto dOGS not 
even oCcur in the "at brain; but tho sitUation !s complex 
and. is dis 6ua sOd by llrad.fotd, (1968>, 
3. Inoubatlon ofoo'bopua bra4n alioeo t'1ith U14o' slueooG 
uioldsannsparta.to Qf 0.1'001f'10 act1v1tzr 4 times groatsr 
in the vertical lobe tbM the optic lobe, the loval of 
glutamate is reduoed. compared. to tha.t before !U1cubatlon in 
thovortice.1 but not in tbe optic lobo. Inoubation \'11th 
U140 glutamate ~eld.a an alanine of specUAe ncti.v1t7 eight 
ttmes greatG~1n the vertical 401>0 compared with the optio 
lObo. and 'aGAB.l\. level in tho vortloo11oba twlce thcttln the 
optic ldba~ It is posolbl0 thut suoh dif£orcnces ore dua to 
compurtmentationd1t£eronces bet .. l0en the t\>10... mhe opocific 
aotiv1t3- Of an amino a.cid. na maasllrod aftor inaubnt!.l:le a 
oUoe \-lith a ro.diOtlot!VG substrate wUl dopend not on1yon 
tho motabolio pa:bb\'lttyS avaUabl.e for 'the tra.nafomno.tions 
1nvolved, but,m the case Of the octopus uhore d1f.:f:USion 
ana. motabOlic t'ates are SlOW, also on the rclo.tlvG speod 
,{1ith ~;lhlch tho substrate may d:ttfuae ti.ntb tho oompartmol1t 
( coll type, or aubcellU1arorgnnol1e ) \'lhoro tho.t trans­
formation occuro, bacaus~ tbe enzwmos C1l!S loca.ted there.­
{-]ork b~ Daloss etal. (1966) and snlgo.n1cof£ & De Robert10 
(1965) t am.onc;others. bas ahOl1Jl that OllZ3tlSa oa.tt;l1yo!ng a 
particUlar sot of reactions tend to be looalisod sub­
oellU1ar~. Rose (1968 b) also found that levelaof the 
same onnumoD in tbonoUl?ona and the glia \'lere. not identioal. 
mhereforadifferonoea bom100ntllG relativG opecifie 
activities o£ tho products in tho optic una vortltoo.l lobos 
oust to somoolroont be duo to the difforont cyt010S1 of tho 
lobes. In faot. 1n Vi01;1 of thob disa:lmUar:tty, It is 
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surpr-isinr; .. that not raora d:tfl~oronces \:Joro found.. 
4, :L'ho incubation ·of ,octopus bruin 01:1.0(30 with Glutamate 
and. non-labolledgluoosatogother :Tiolds an aspartate 
whOso speoific activ1~1s m~icein the vertical lobe tho 
"ve.lue :tn the optic lobel tbe speoUic a.otivity Of VGrtieo.1 
lobe gluttunino io half tho value of tho optic lobe's. 
Also after incubation, the lovel Of alanine :bl tho optic 
lobo :i.att'lice BS high as !n tho vortioal lobe, but the latter 
contQinod GADi\. lGvels· oomparablo to the ~at unaer tho nama 
conditions, tlhilG it \:10.0 not even deteoted in the optic lobe. 
5. GDIItf~T, and. AlA-Am o.otiv:1.ties t'lera lotlor in the 
vertioal lobo, genera)J.zr 20 to 40;6 Of' tbe vnluo in tbe optio 
lobo. Ui'i.ih Triton X-100 troatment, vortioal lobe anzzrmes 
"1ore at1mulatod. toe. a15..sht13' groato!t' extent> than thaoptlc 
lobo. It is r;Qsniblo tbat not aU the small cella Of the 
vertical lobe liors disruptod., in spito Of the vigorous 
shearing notion of tbe botnOBGniSat!.on, beco.uao tho cloaran.Ge 
'(10.0 O.,oo;;tf or 0 .. 008 em, t>1heroas moat Of the oalls iln tho 
vertioal lobe oro undGtw ;) /Uin diamotetJ. ~1is would alsO 
o:r-:plaitl thGrn:'onta'r ot1mulntingef£eot or tha::;:rlton. 
p~lnarrrl;o.0f!. 1?pj:,\~~~n ~hs·· po~0l?Y! ~. p:np ·ilajIq:prflip· 

Tho difforoncos fount1. batt10en tho octopus and. rat bram 
mo.y ·similarly bo sl.l.I:!lOarisod. and c011l.tJ.ontod upon. 
1, T.be soollor size or the cells in tl'loootopus brain, and 
thO relative pau=c:tt? of Slial cells, o.s found b~ 
eircUtl(ltontiel calcUlation a.t tho bes1nn1nr.; o·t· Chapter 3. 
ThOUGh. Gl1alool1s t.1.rO p~osont !n tho octopus brain, they I 

tlI.'O not di.stributou. aD \'1idely as :1.n tho ma.mrnnlitan brain, 
but rather tIl oortain arose ( Box-ridge, 1965 >. Onjal 
(1917) pointod outthut thoro \-zoro no glial t-ypeo in the 
ootopUs optic lObocorraspondina to mo..mmalianmic;uoglia., 
but on13' to the astrocytos. Pot'hapa these t:U:'G the colle . 
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rotOJ1rod. to byYoUbg (1%2) llG multipolar 'oellsw1th'~ 
dendrites in tho optic lobs, Mel thou mOil have boon inclu.ded 
in his ootimntion of tho numbers of nervo callo (Y01.ll1{!;, 1963b). 
2. . .The highel? ,levels Of nsparto.teandnlanme in tho 
octopus brain, and lihe 10\'101' level of GAllll. Tallon (1962) 
poiUted out that in gen~ral, aspo.rtateond alanino levels 
are high in t;heinvertobro.ta brain, cont~ary to the mammalian 
brain. \'lhoro glutamate haotbe b:1e;llost conoentration of ony 

amino aoid. Also, thoabsonce Of' G1ffi.t\ seont9 to bo charaoter­
iati;c ofr.lolluacs. Hugs!na, KerkUt and. Rick (1967) founa 
that snail 1.l!1(1 mussel bruinS inoubated £01' 2 hours \'lith 
ro.dioactivoglutemnte !'n.!lGd to produc,Q GAlll\l eontrat7 to 
mouso ondoookroach brain. Also-, no C'illBlt tiOO formed. ft'om 
U140 e1uoo,so by thesne.il b:csin in '!Jit,l1p nor by ;11odon11t 
unlike the locust' and tho rat bra,iu ( aee Br~d.foru at 0.1. 1969 ). 
3. Wbe lowor rouao:£' metabolic transformations and of 
respirution b1 tho ootopus bra~ ( at 2;° ) compared to tbe 
ttst brain ( 37' ) _ This t'lO,S to be o:;:po-oted., and "JaG a.lso 
fotmd in tho locust and anoU brain, ( Brad.ford Gt 0.1. 1969 ). 
Aps!!t from th1a. thoro llO.B tho 010\'1(;)11 motabol1sm of glutamate 
intbo octopus brain m.!;l,~*, and 'the \'laelacb affect did not 
ma.ni.fostitself in the ootopus brain llonrly nstrnpidly as in 
tho !tat. Earlier:tn tbia ohnptor, the rolative ratas Of 
ditfusionof oubstro.ta tOtand. 01" products f'rom thooompartmant 
:in ,·rhioh D. oo~ta.in motabolic transformation token placo l'1aG 

given as 0. possible roason for the c11f£aronooa bet\10ol;l 
pattorns ofopeeific activitios in the opt!tc and vertical 
1000., ~lJle samo is truG~Jhen oompo.ringtho rat trl.th tho 
octopus brn!.n. HocnUing tho rosults of mcubntS-onof 
radioactiv~ glueose' t'lith rat 01' octopus brain al1coa. tho 
speoifio activ!tiosof the rat brain ooino acids ~'lera all 
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:.tntha same o,rder. Wlcl 'there \{laG more val"tie.tion :tn the 
values of thoso in the octopus brain, Presumably in tho 
rat, i...'Yltercompart1!1antal diffusion t'!3S not 0. limf.ting 
factor, and. after ~10 hours, -the spooi£ic act:i:\T~:(,7 pattern 
1.'10.0 art)l:loct:ton of tho onz;ymes prosent. Incontraat in the 
oetolfus, thG pattern l:lM thE) 3100ult detorminod. ltartly by 
Sn'tol1compo.rtmontal diffuSion, and it l]ould be impossiblo 
to (letemnine tho ol:tont of th1oef£ect. The il1cubution of 
rnt nril oot017~ brain for different times \'lould claritY th1a, 
t1S lw'1011 0.0 the uooof bomoGona~eatand soparated. cella. 
4. Tho highorproport1onofU 140 'glucose cOllvortad into 
COo by the ~a.t bttDin, more than tlincG thnt in tbeootopus 

(; 

bro~, and. tho much graat'ar oonvors:lo'n ttntiO o.lon5.na of 
glucoso by tho octopUs brain, more tban 20 timGs l;hat by 
the ro.t.bra1n. :L1i10 anail ·and the· locust are o.1,ao like the 
octovVD in this respect. (BradfOrd. at ol.. 1969 ). 
5. The roduotion Of 14002 formation by ootil,PUS brain 
from U1tl-o glutamato and ola.nino t causod by the addition 
o1'non-lnbollod Glucoso. in contrast to the rat, \'lheraa 
sl:i.eht incroaoo :lrJ.1l~C02 fOl."mation OCCW7S. It is strange 
':;bat;3.n contract to tho octopus. e.d.ditti .. on of glucose 
doUblocl tho £ormntion of !t'adi.ot1ct5:vo 002 ft'om U140 Bluta.ma.to 
by onnU CJld locust brain .!p. :~itP2 ( 13rl.lctford o·t ttl. 1969 > .. 
~is is the only ease \1horo the snail d:t.f:Cers .from tho 
octopuo. 
G. !Lbaoffoot of gluoono in l"oduo:tng aspnrta.to formo.t1on 
from U14-c clutruno.to !in tho rut corte:.: uao no'u r~ho\'m by 
octop"tlS bl~ain slioos t (000 Table 23 t Ohulltor ;) ).f The 
sumo is t!'uo in tho snail bra!n, but tho locust bI-a.in 
t)ohaVGs like "(iho rut ill this respeot, ( saa Bl:ad1'ord. ct 01., 
1969 ). 
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'7. 140°2 \'laS not, formod by oct1>pua brain slices from 
radioactive GAll!~,. in contrast to tho l:'ut brain. This \'lo.a 
in:terproted as bo1.ng dua to the absence of tho 'eri~ 
SSlu}H in thooctopuo brain., but this enzyme was not tosted. 
8. ~ll.>$ uptal:..o of nome DJl1.inO OQids by octopus bruin 'in vitvo 

.......... ,., I 

L1eainSG; £\ concontration grnd10ntdid not OCCt.lt' .for timos 
t'lP to fotW bottra., incontraat to tho rat, \'lhol"tG uptako 11aB 

found. aftcI'ono hottt'. On the othor l1o.nd, Table 5 in 
Chapto~ "1 ShOt'10 that diffus10n OJ.d. occur from the vertical 
lobe cavit7 into iiho oP"Gtc lobo .. , 
9.. :EnZ:J'l1l0 not!l.viti()8 in the ootolJUS braill\'lere genorally 
about one fifth thOse of ~tho a:-nt brain, \'lith the o~:ooption 
of Triton-tu'lot:bnttlutod Ala-lt.T.Triton cli<l not stimulate 
ootopusbrain Ale .. f~T.. Olld tl1io l:las interpreted as tbo 
l?l'obability that thiaonzyme t1'aaentiraly located in the 
soluble fract'1on of the. 0011. G!J) lovels- \'lere barely 
tlQtcc1iable :1n tho oo.topus brain. This provo·rty has been 
observed. p:cev5..ousl.y ( Robarts and. Si!llonaeot 1962 ). It 
is intorcotine; to COtlGido:t', the actlv1t;tas of Dpmeoi' tbe 
enzymes nlso in tho snail elld the locust bere: though 
snail brain, ullotinulated. b~ Triton.. shal'/oel GDU una. A..A..fJ!. 

nctivities compart\'ble to tho rut and mucb higbor tban tho 
octoJIUS brain. and on lWwO,-AT aotiv5.t~ ;; {'limes thut ill the 
octopUS and the rut bt'uin, GAD lovols t'10re burcl;; mensurablo., 
Tho activity of Glill in tho locust bra.~ Has JIlGoournble 
hOt'1o'v'er, beinG hnlf that of the rut. ( Table 1{·9 ). 

Do it l'10uld soom thut gonerc;:tlly the aspects of the 
metabolism of' alanino ondGABA in t;he octOl,?\LfJ that differ 
from tho rat bra1n, arc also allQt-In by tho snt1il brain" 
anotllor mollusc, nn.d not by !i,oqio,~J2ccrco. ( the inseot, 
locuot )., 



J]J1~pm/lQ.~IVI~;tJ31S .. n~, lU~L!X, -ROIIIS.~t:~CEnP/~, t 1t~~p'orm '. AIf;D ru~r.r: 1 Dft.4IN 
Ipr·lPitOIS.'~ :;y}_\bsp,rp.te. ,Pon~e};~~~fl ans Pp'o~ .. GI:fp/hr. 

ncl~:~ Eletioae SchistocorcQ~ nat 
. .. . Ontic l.obo Vertical :Lobe, 

\Ii., ,t I/lt.u.t ..... ~~~I __ ~ .. ':*o-_. 'aIf'tt. l' ·!lI*.,_:/lIIOW<dfr1IIt' ..... ,...w ..... .,..~* _1;14. 1M ~·.,..~f~WI.itltt .... ~~ .,. U I •. d:ti' 'i t 

GDli 0, .. 95 (5) 0.13 (7) 0.,15 (6) 
AAT. 1~.a2 (2) 2.02 (6) 0.95 (5) 
Ala-AT 

'#"') '>7 c:;.c. (D) 0.4;3 (;;) 0.31 (;i) 
G.t~D traceo traces t:tU1CGS 

G1J:J 0.12 (3) 0.60 (l:,) 0.58 (3) 

* Valuen from nl.,nrJf~rd ct al. (1969) 

1.34~ 

8.l :..9 

5,6;'; 
0.02 
0.85 

(5) 
(;S) 

(;1) 
(:;) 
(6) 

0.62 (5) 
10.66 (5) 

0.:>9 (3) 
0.04 (3) 
1.43 (3) 

El1z:-;.oe activ;tties tl0ttO moasured in hOrtloGonatos l:lithout 
pro'troLl'umant t'lith ~:t*1ton X-100, no dosoribod i.t."1 Chaptor 2. 
nosuJ:GS are the f:;OOlW o;f: tho llUOboz*o of o~:pGril'Jcnto in hraol::ots. 

~t~9 ... 9:.t;l?P.P. .. ~;~~~.lt .. ~~;1 ~~1;Ujq?~ltE~~{Lf1~!.tl· 
The cl:lffieult1es in comp.;.;1l1.ine Z'aoulto fror:i ,incubating 

tho brnino of tn'10 c1iffo.l'ont anino.ls, not evon of the sumo class, 
\'101:'0 disous-sou in Cl~ptott 1, and also earlior in this Cha.pter. 
t'lith rOGwd tocoopartmGnto.t;ton,., Ions \'la1'O shot'1n to offect 
motabolic pattoI'ns.. ~linco tt'lO difforont incuba:bio.n !:)odio. 
\'101'0 \.lOGO. for tho ~\110 animo.1St it may havo boon uDotul,. but 
pOl."hnps nioloadinG, to 11o.ve oomrJO.rod the fJotabolic patterns 
usinG dif£orol'lt !~lod.ia. HO\,levcr. the online used for incubation 
of. tho octopun brain ( 110y10, 1953) 0.000 renelablo sea t'later 
and octopus. plasma in cor:lpCsition ( Hol)crtson, 196ft .. ). in 
ho:vS.ne; t.l bigh a'odium unc1obloridc contont, nnd a ,10tT calcium, 
llOuUOniUtl r~lngnooium o"nd sulpb,uto contollt. 

In Viet1 of tho offent toot glutamato baa on tho mammalian 

blZuin slice .~ ~ • causing swelling and potassill!!l 
uptake ( Dourl:z:o OJ1d t]O\1Gr, 196G) , and tho deplotion of 
11Ucl~otit1a phoophatos ( \'Jooamru1& HoIl\1ain, 1961) t it t1a.y 



have boon better to ha.'\r'1Q used. rslutantl'to at 0. oubstrato 
concentration of lass tban 1 oB ~o.t U oorrCS1Xln(1i1'lgly 
highor opocific act5.vity. IIo\'JOV(1), an io of ton tll0 CODO, 

the procouuroo of other \'10r1:03:0 tle!'o automatically folloVICd. 
at; tho t~tme.., 

It ia also tlO:c:th'Nililoto compare tho accessibility of 
ions und llut3:'iol'lts to tho brains in o:t 1,u. 13r io fly 4 tho 

................. I'f '~ 

mnrru'"Julio..n bra.in :tc \1e11 vuspulaItiaed., and though thore ~~o 

110 ba..:c:;:ier to tho o~{ch(L.'t}go of o.raino acide bettJ00n the brain 
antl th.e blood, thoiJ:i nat G!lt"1:Y is ~est.!:ictod by the bloo(l 
brain bQt1!.lior: thoro is 110lil0VOl.' no !!cstriotion to i;ho entry 
of 13100000, under normal oonditions.. Tbe optic lobos ill tho 
ootopus are bati~od ;to £'l:tiid \~l1.iOh is ana.lo~oU!l to the 
cerebroap:tnaJ.. fluid in the :oat· b:t:'Oitl in boing n 10t'1 protein 
filtra.te of plasma". Tho vortical lobo is bathed :1..1'), 

tho nOJ:::iO fluid,aloo containing golatil10UfJ cov..noctivo tiooue. 
Tbeoctol')US bra:i .. nalso haa C'.lr abun(.1.an t blood GU1)Ply,· and. 

eapUlru~y llot,"\iTorl;:o COlUlcot the "venous Ol1.d mr.torio.l oyotoms. 
0.0 ;in the maomo.liol1 brain ( Horridgo, 1965). Thooctopuo 
haD a blood au,gar loval·of 20 rug ~.~ as ac;ai.t"1Dt 180 tlS ~~ in. 
tho I~10..mr:1£.l1. It l10uld bo intc::ocstil1g to lmOt1 t1hothor Glucose 
is util:tsod by tCl;to.l OOllVGz:s:Lon ·into CO2 and lactatel:1ko 
tho rat. brain, but no .stu.dies on. urt'ariovanC?us tlifrcroncos 
seem to havo boon. roported for the ootopus bl~a.in. Thot1(5h 
tho I'oa~ts ill Chuptor.2 havo Ght?\'l!l that rn.dioacti"'vit,-y 
injeoted ~"1.to the vertical lobo doos paSD quiUl:J .. y into tho 
optic lobes (lJ~ablo ;;,)t prosumo.bJ..y -throUGh tho optic 
COfGL1isourot it is not, 1:210'£111 hOlt far tho ~ntry 0:£ substanoos 
into tho l)lo.smo. filt-rn"Go iron tho 1)J.oO(1 iG restriotod in the 
octopus t Itobor'Gson (19Gl~) sta.tOD thut tile octopus skin does 
control tho PUO(jUGO 03::' oolut;QO through itlt DO it is not 
unlikely tho.t a blood .. bra.in burrior o~f: 0. aorto~=i3ta in the 
ootopus .. 
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Ao f(l!'l as thosoe:1CllOl?itlonto ShOt-I, thero is no ovidenco 
to GUGGeot that thero e,r"e clotnbolic J!utht'nlYs ror the 
intcrcOllveroiono of the af:lino ncid.s in tho octopus brain 
't'1h5.oh arc different from tho rat brain. IIOt'IC,rOl" t theso 
otuc.1ies hnvo becHl of 0. limited nattu:e. Goo.tiard. DJ1d Ho.1Jtin 
(1966) havo ra'Vtot:l0d tilO oxtonaiVQ studiOS onenrbobydrate 

" oc1;uboliom in t~o11uGos. Other suc;arsbosido Glucoaeara 
ut:tlised, e.g,. £ructooo and go.lo.ctoso. !.Cbo presenco of 
enzymos of {1ho e;l~ol;;tic pntht'lay, the citric aeideyclo t 
and those cntalysinG d.ntcrconvers:t.ono bcrL1.lJ'oen tho t\10 ( i.o. 
PEl? co.rbo~kino.so, pyruvato kinase , Dlld.' the malic onzyuo ) 
hen boon demonstrated in n \'1idorons"C of mollu.seo. IIouover, 
tho t:tSt)uosG~:aminocl tanc1 to he other than th,Q brain, ouob 
no tho hopatopn..1l0roo.o. Tho only aecou.nts of cophalopod. brain 
enzymos to bo f.o"md. t10ttQ by Druld:olJ antl SChad6, (19f,l.}) \1ho 

<1omonst'ratod. bistochemically the prcocnco of GDH and 
isocitric dohyClrogennsa and somo osto:cases in octopus optio 
lobo ~ an1. by Pn::;cQo and schad6 (1967), \'1ho meo,stll:od 

succinato c1011ydrogono.so ~Xl tho optic lobe of !?0:2~r:t., 
Tho oost il;1portant implica.tion of tbe tlork io thnb 

concorninG tho metabol1sIJ of alanino ,in botll tl1Gootopua 
and the rat brain. To reenpitt11nto tllO rooults of Ohapter .3, 
the adt1:lt:ton of llOl'l-lnbollec1 Glucose to u14c alanine as 
substrate ill v:ttro, did not cause 0. dii .. ution of tho sooo1t1o 

......... ' .,... •• "1 r . ,-

actiV"lt1oo of tIl0 othor cunino nc:lds :tn octopus brain slices. 
contrary to tbe rat corta~, ( Tablo ;S1 ). This moot Gure1w­
indicato that alanine may onter the oitric ao!1doyolo 
by 0. routo 11Y-po.Gsing r::~lvo.tOond. Acetyl Coil. Tho cltta 
to a posoiblo r41otnbolic route ma.y bo obtainod. t!'OD tho litor.­
atil,l.'t1a. AlvJlinc aooo oppoar to havo an llnusunl motabolism 
in mollusC"f3i Stokos and A\'zupara (1965) ahQtl0d that nlnnine 



tL'I"ld ouooinnte ',toro tho oq;tlimoloJ:' oud.-producta of c;luconG 
mo-taboliorJ in tho clam, AfJ!I? bOinS formod :L.'1 tho PE'l? oarboxy­
kinaoc :tJcaotion to o~:!lloacotato ,1ead.!L'lQ; to the forma.tion 
of' Gttcc:Ulato bnel~~lard. th:aoUgh the oitt'iC: aaid eyclot thus 
half the P;T.1!uvato io conv~rted. to alol1:L1l1o, thoothol! half 
to sucoil'lnto, l:11 .. thouto.ny not o~ddat:ton ot-roduction, but 
t1ith the formation of. A'l'1.:'.. I,iOl1ot and Hoyse (196::» pointed 
out that alCUlinf~ can bo madoby tho t\!'!11no.tiOll of propionato 
in nO!Joorgo.n5.Dmo t and~ 'tho oonver.o:1 .. on of propionato into 
succ:tl1uto !to lcrlOt1l1 to OO(";U:t" in mollttoos ( Godtlo.rd and. rlo.rtin. 
19GG). ThorGf'oro i.t io tlmorotically :possible lto!* alv.nino 
to be conv~rted. to ouccinnto vic. 11ro:oiol1o.to II O.ntl it only,. 
rdma:t!lo for tihis J?ttthuo.y to be provc<l in tIre octopus. 

T'ao !t'osulto of tho incubations of rat brO:l.ll slices 
t,ti th :tnhib:l tors may b0 unaorotood if ona O!al!ninaa Figu.'t'e.s 
10 0.!1(1 12 ( pe.r;oa ?2 and 82 ), as l1ell 0.0 TG.ble 4·1 ( po.goa 

:111-2 ). Tho additio1l0f fluornootate o.s ooaul)st'1:'ate to 
alanine causes .taoro of the ·alanino to onto!! the cyclo by 
convc,~siOll to pyru'-vato or PI~1?~ not via. acetyl CoA, but 
by .. tho ltlu..1.ic enzyme ~ l'EP carhox::l'l::tnasc or pyruvate 
oat'bo~:yj,.aoc. Tho ad.dition of malonate, \,thich :Lnhibits at 
tho suocinate atop, t'l:1.11 prcventtl10 :flu:-: of label 
bacl:'t'la.rd.s throue;h the cyclo past that point, or , the 
labell:lnfS of e1tl.tamate 1.'1111 bo inh:tbited., 'but thnt of 
o..optu.:tatc uil.l 110t be, but \l1i11 evon bo a littlool1hanood. 
lJ"Jo.blo l~1 sllown this to ho 00. Coo~~-::cd 'Hith rluolJtlceto.te 0. 

alone, tho specific activity of (lSJXlj1tato is highor t-then 

!JO.lonato' is add.ed to fluoro,cetate us lllUib:ttott. It now 
X'O!l1Ll:LnO £or th.e effoot of tl10SG inhibitors to be tentod on 
tho motuboliom of alanino in thoocto'Ou.s bruin :In vitro .. 

~ ........".. ""'"*_ v 

end differonccs found 'u111 cortainly giva all onB\'ler rolating 
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to the direct oonvorsion of alanine to snac-1nate, \'lithout 

pyruvate. 
One miGht spocula.tot'1ith regard to tho uptnl:o l)henomeno.n 

and. its signif5..oanco. S1..nca tho amino 0.0ic10 uolten up may 
have n ph:rsiol .. oeiea1 affect on the norvo oell tnoml,rane t 
causing cnergy .... oxpenoive ropolnrisntion, perhaps 'ltptake is 
a oafot::r mechanism to novo tho substanoe to tho :Uloicte of 
the cell nOmbrOl1CtV'horo it can do no harnl~ It is possible 
that tho laCk of this l)l:-Oporty in the octoP1.1D broil'l may 
be connectod. '-lith the high lovale of the amino acido·:in,:·t;h~ 
ani!!la1 00 a , .. tholo.,. and l1hose presence is eS~jentinl to the 
ourv-lvo.l of all rlt).Iiina :tnvortobr!J.tcu3. 
Conclusions. andj!utLtrs of the. tto1"1: 
....... ,t ... __ ..... '.~ ... ,J. u,' ........... lit .... ·.IltF ' ..... to ,. 

The citt'ie acid cyclo and. the enz~nneo by \111iob ·the 
aminoc.cids arc connectocl uith the cycloond ''lith each other 
OCCl.lr inthaoctopns bra:Ul ao \ilo11 as the ret brain, o...'1d 
0100 in the snaj .. l (lnd lOQuat brain. Thorein a posoibili~ 
thnt alo.n:lne is o:ddiscd by an alternative r'outa il'l tho 
'Octopus broil1 ~ \~lithout trunsatdJ.lation to pyrtlvat~e, \'11:\1011 
is cOllverted. to .f;.cetyl Co~ ;t'..ncl citrate. The mote .. bolism of 
Glffi[\. in tIle octopun brai11~ 111:0 the snail eus t io 
qua.ntitativcly :1ncifEllif1cant, but 14ny 1)0 imvortant l'lha:r.e it 
occurs fI' Other Po.th\~1a::ro suCh 0.0 tho f:t::·:iI1(S of CO2, 1010\'111 

to be of quant1to.t:tvoirnportanca :t."'l tho rat brain ( Nicl~la.s 

ct o.1.? 19(9) have not boon investignted. in the octopus. 
In Chapto!' 1, the ovid.onc.o 't:1f1S discusne<1 o.S to tho 

ictentity of the eompO:t'tr:Jontssugc;estod by Borlet al. (1961). 
Tho question is, sinco Cha.ptor l~ has shonn that the Haelsoh 
of.foct 0.100 occurs ill tho octopuo brain~ l,dilatiis tllO nature 
of tho compOl.'t'!Jcnto in the octOpUD bra:L.'"'l. It rema.ins to 
isolate tho :tndividuo.l typco of norvo colls and determine 
tho spcc~ .. fie activitios of their free ornino aoicls after 
intraoraninl :'iJl;joction of U 140 glutaoa.to, in tho same'tmy 



177 

as HOSG (19G9) did. ''lith tho rat. ~1:ho method oS: nose (1966) 
fo!! tho bulkocparation of neurons a"lcl glia \'1ao attonpted in 
tho octopun brain ( ullpubJ .. ished. results ) t bU'l; it ,:las not s 
Sllcceno£ul on accot4"lt' ,of the sm~'.l oizeand density of the 
eello, \1hichall t--asoOd throUGh tho dOnfJ0 SUCI'OOO. Prosont 
\'Iorl: in tho laboratory of 110se is in progress to separato 

oells oS: d:t£f.erent sizes and aurfaco 'propertioD by oeru1o of 
0. coltU1L.~ of Glasa bends. If this toCbJlique is succeos£u11y 
ar-111:tcd to tho octor)us b:t:o.iu t accompru.lied by thorough c:rto-
10[55.ca1 studies, :l.t ,a111 be possiblo 'GO determine \1ho..,iucr 
COfJl;[1.!.?'t;menta tion 5.0 an in iiracolltuclX' 11honoLlellon~ 

The .ru-tl.lJ:lO of 'tho lJorl: thero£ol'c SCC!JS to lio in tho 
DC1?O 5.,ntens:tv0iIlve~rt:1Gation of certain problems, oxld in 
-(;ho uoo oS: more ar;ccialiocd t:echniques.. A good c:-cr:uijplo of 
tho dcta:tl \,lh:tch t-lill liavc to be used io the clc1;oI'Dillo.tioll 
Or tho specific tlctivitios 0.:1: overy sinGle carboll utom 
in -the froG tl!:linO (lcids ( Olltl othor metnbolitoo), ao performed 
by Hioklo.s at ellS (1969), because it :to the only \"10.y to 
obtain rCtll1y uocw.:o.te iu£ormct1;.iol1 about tho nlolocu.lru:' 
!Jochauiorn or intel;COl'lvoroiolls. ::-0ho cJ:-gor~ .. r:'~cntD describod 
:L'1 tho foz-cgoing chD.IYGOJrS hSlve boen :ccluti valy ct'udo, Ctlld 
wel~O carrictl out; to oO'btd..n aLi. outlillO of differel1cos Ulld 

geue,ral sinilt:u.:*itico bCfct:;oan . two very diffcZ'Oll'C o.niL1o.lo. 

Horl: 5 .. 0 t\100 ill pl:ogroso in the ltlboratory of HODG to 
~.nvcutiGol.te the incorporation of thooe amino tJ.cido into 
protoill~ Q.!1 important anpoctof their motabolian1 which \'las 

not GJ:ufJinod in this thesis all t1CCOUl'lt or its cO!:lplexit7_ 
It should bo :tntc=ceotinc; to COI:1POXC protein s;yl'1thosis and 
mo"ba.bolism ill vivo dU-t~-tn-f'f' difforent lGru:nille; si'Guo.tions in 

......................... '"""""''''Q 

the octopus. ill tho difforent PUl:ts oi: the brnill l1hio11 arc 
k1101;IU fror:.l tbe l:1orl; of YOUllG to have d:1.ffoiZont £unctions in 
loarning. Tho octopus bro.il1 promisos to lJo a ~10r'bh\tlhile topic 
tor futuro biochemical and othor roscllZ'ch for a long time 
to oomo. 
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