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ABSTRACT

In studies on the carbohydrate-protein linkage in glycoproteins
1t is desirable to prepars glycopeptides containing only the amino
acid to which the carbohydraie is aitached. This has been achieved
in the case of ovaldumin by & combinmation of snuymic 4igestion
and gol filtretion.

 An estinate of the molecular weighi, derived from the molar
sxtinotion of the bensyloxycarbonyl derivative, was compatible
with pz‘vim suggestions that the glycopeptide was vomposed of
five residues of mamiose, three residuss of N-scstylglucossmine
and one residue of sspartic svid.

Formation of the phenylthichydantoin of the glycopeptide
demcnatrated that the cardolydrate was linked through the pWI
group of the sspertic acid.

Unequivooal evidence to show that the carbohyirateeprotein
iinkege was that of an N-glycoside was obtained by the reduction

" of the methylated H-bensyloxysarbonyl glycopsptide with lithium

aluninivm hydride to convert the substituted amide bond of the
linkage to a secondary amine, Dinitrophenylation followed by
hydrolysis yielded s substance chromstographioslly identical

with die IfPj-anino-2-methylaminoatans-i-ol. & method of synthesis
was devised for the last menticned compound which is the subntance

expeoted from the reduction of an N~bernsyloxycarbonyl ssparagine
subatituted at the amide group. A closely similay weduction of



ii

3,4,6-@1&-&5“71-2—&9&&:3}@946(% p-sspartamido )«1,2-d1deoxy-
pwDeglucose, the model compound of the proposed linksge in the
glycopeptide, guve results in agreemont with those odtained fron
the glycopeptide, The synthepis and a fow properiies of a mmbar
of compounds related to disainocbutansl are also described.

Potentiomotrdic and spectrophotometric titretion of the
glycopsptide showsd the presence of an fonising group, in the
high alksline range, that was assigned to the isino group in the
carbohydrate~protein linkage.
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GENERAL IHTRODUCTION
Pistorical

The viscosity of many biolozical seoretions has probably been
noticed sinoe time immemorisl, 'fhe word “mucus® that 1s used todsy
ie unchanged from the Latin ard in its early ussge referred to the
nasal secretions, The word "jelly" is from the Hiddle English
"gele® and wes specislly applied to the algs Nostoc, and sline
is fron an 014 English word “alim" which was used in 1471 to refer
to the ssue algm, which wss thought to be "atar Jelly" or the
renains of & failen einr. The word "albumen™ derives fron the
Latin "album®™ ané by 1599 wes used in England to refer to the egg
white,

It was not until sorye recent times that any solentific interest
wag taken in these compounds. At the beginning of the nineteenth
century John Bostook (1605) performed some reamsrikable sxperiments
with what he called the primery Animal Fluids, He distinguished
betveen slbumen, jelly and muous by several echemical and physicsl
mothods, He denmtured egg white at 100° and foumd 4.5 per cent
uncoasulable, and in a later paper {1806) identified this as mucus
because it was precipitated by lead acctate. Ee slso obaserved that
ovalbumin resisted putrafaction whereas mucus did not, Using similar
mothods he investicated osrsbrospingl fluid end found maocus, &
1ittle albusen and & minute smount of sodium chloride; in pericsrdial



flnid he found 5.5 per cent albwmen, 2.0 per cent mucus and 0.5
per cent sodiux chloride; end in saliva he found 0.8 per cent
elbumen, l.1 per cent mmous and 0.1 per cant sodium chloride.

The nature of these substances was the subjeot of investigation
ty seversl workers towards tho end of the nineteenth century.
Eichhole (1898) atates that “the ides of sugar being contained
within the proteid molecule can be traced back as far as Berselius®,
tut he claims it was Krukemberg (1885) who first definitely put
forth the view that proteins contain @ carbohydrate yroup es part
of the molecule and bazed his opinion on the fast that they would
reduoe alkelins eolutions of cuprio oxide on boiling,

However it sesms that twenty yvaars ssrlier Sichwald (1865)
wag abls to icolate a muooprotein from Helix pomatia which, on
aoid hydrolysie, yielded o substance which reduced Fohling's sole
ution. ’

In 1888 Hammarsten shoved that in the case of the submaxillary
gland muoins carbohydrate and pmtein‘am ehenically linked, and
in 1896 Xrawkow (quoted by Edchholz, 1598) obtsined osasones having
& melting point of 182-165° froa egg white, fibrin and serum alde
ukine Eickhols (1698) separated the esg white proteins ovemoin,
ovomucold and ovalbumin and after aocid hydrolysis prepared oss-~
gones {rom them, Fe trsated serum globulin ﬁinihrly and obtained
an osarzone !mi he was unabla to prepare the ssme derivetive from

soyum albunin, In the same year Seeman (1898) prepared orystalline



"chitosanine® (zlucosamine) hydrochloride from ovalbuain, and in
1901 this was repeated by Huller.

The quantitative estimations of these workers were less reliable
than their qualitative work often beoause pure material was not
availeble, but Eichhele {(1898) feund & prr cent earbohydrate in
ovalbumin and Osborne and Campbell {1900) after reoryatallising
the same protein six times obtained figures of betweer 3 and §
per oent. These values szree woll with modern estimates.

The next two decades eaw littls progress mnd when he reviewed
the aubjeot in 1925 levene said Ythe most conmservative conclusion
is that the glyvosidic struoture of ovallumin veguires reinvest-
igstion,"

It was not until Neuwberger (1938) looked more carsfully at
this molecule that comvincing evidence for 8 covalent linksge
between carbebydrate and protein was presented. He found that re.
peated crystallisation, ultrafiltyation and densturation failed
%o alter the carbohydrate coupooition of the protein. Prolonged
incubation with trypsin followed by 5 process of scetylation,
extraction and descetylation ylelded s glycopeptide having & molw
eoular weight of about 1200. On the basis of the wolecular weight
of ovaibumin, which at that time was balieved to be 40,000, the
carbohydrate moeity was estimated to contain two molecules of
glucosamine and four molecules of marmose. Acetyl esilaations
indicated that the glucossmine was N-socetylsted and it was clear



that the polysaceharide was present as one unit. Hydrolyels showed
the presence of an unidentified nitrogenous componsni thet
Heuberger suggeasted could be duvolved ;!.n the carbohydrate-protein
Sirce 1938 many investizaters bave studied a wide wvaxdsty of
Ziycoproteins from many sources and in several cazes covalent
ming between carbohydrate and protein hes been demomatrated,
Am more and more glycoproteins have besn discovered so it has
become necessary to define and classify them. Ia the section that
follows the guestion cf olassification is briefly reviewed and an
attempt is made to give a new definition Jor this group of macro-
moleculen,
Daf: ne classifioation and distribution of the te
In the past a number of altornative definitions and cluassifications
have besn proposed in order to divide up the whole group of sube
stance in which earbohydrate ard polypsptide are assooisted with
each other None of these hae Veen entircly satiefactory and some
unneoessarily arbitrary divisicoe have boen oades
Probatly the first atteumpt ai classgification was that of Schafer
(31890} who divided the group of compounds he called proteids into
1) mucins, il) nucoids, iii) hyalozens and iv) phosphoglusoproteids.
In elass 1) he included colloid viecous wubstansces of acidic
nature, soluble in alkalis and precipitabls by acctio asid. On aoid
hydrolyein they yielded a substance reducing Fehlingt's solution



and they were found in salivary and other mucous glanis, Clese i1)
giffered in teing unprecipitsble from alkaline solulion by acetio
acid and included substances suck &s chondrommcold, comnes mucoid,
posudomucin from oysts and ovomcoid. With regard to class iii)
there was sooe doubt as to whether tney should be separated fron
class i1) sinoe they caue from the came anizal sources. Class iv)
:‘efm to the ;mlao@roteim.

A later aitempt was that of Levens (1525) vho distinguished
msoproteins, which were precipitated by dilute acid in the cold
and contained chondroitin and mucoitin sulphates, from glucosidow
rroteins which bebaved like normal proteins but conteined m carboe
hydrate group. He included in tle nucoproteins all tlose substances
that were viscous in solution, soluble in weak slkali and iasoluble

in watey, lie thought that tiw sulphated sugers wore present in
all members of this group.

Twenty years later Heyer (1945) limited his disouasion to
compounds containing hexosamine, dividing thom into three groups,
the micopolyssoohsrides, the mucoids and the glycoproteins. The
first group was defined es polysaceharides which contain bexossnine
85 one component, the scoond was defined as mucopolysaecharides
containing more than 45 hexosamine, in fira combinmation with a
peptide and the third was defined ns proteins containing earbo-
hyérate with less than 45 hexosamine, This hss proved an unsatise
factory division sinoce the principal aim of any clsssification



is to group together things with fundemental similarities and to
soparate those with fundamental differences, and a purely srbitrary
hexosanine eontent was unlikely to fulfil these requirements.

Bettelheia-Jevens (1958) has reviewed these compounds and haa
desdrided two clapses, those containing ester sulphate in which
the bond bdetween carbohydrate and protein was relstively weak and
those containing hexosamine, hexoss snd sometimes sialic anid but
not hexuronic acid or ester sulphate and in which the linkage was
firm. Tha first class he called aoid amino polysscoharides and the
second he called mucoproteins snd mmcopolysaccharides, drawing no
clonr distinction bdetween these two subgzroups. This system was
unsatisfactory in that 1% grouped together substances so fundamente
ally unlike as bacterial cell walls and ¥ -zlotulin. He defined tiw
prefiz 'muco-' as meaning "protein or peptide fimmly linked to
& particular type of carbohydrate” snd not to "physical properties
such as vissosity®,

In contrast Spiro {1963) in his brief bdut useful review defines
fmoco-' as meaning the presence of azino sugars snd goes on to
distinguish betwesn the muscopolyssecharides which contain hexuronic
acids and ester sulphate and the glycoproteins which contsin ouly
hexosanine, hexose and sometizes sialic acid,

Gotteohalk (1965) in & later review has defined glycoproteins
a8 "conjugated protoins containing as prosthetic group one or
more hetercsascharides with a relatively low number of sugar residues,



lacking a serially repeating unit snd bound eovalently to the
polypeptide chain®, eo upu‘utins:thm from all other proteine

" carbohydrate complexes. This is a mors satisfactory definition

in that it is more precise and less arbitrary than earlier attempts.
Heveriheleass, bHlood group substances and the related muoing mst

be clasued as glycoproteins by this definition, although in many
respects they have little in common with most other members of the
‘wup. in contrast to the others they contain about twice ss much
carbohydrate as any other glycoprotein, the polypeptide has a
restricted variety of anmino acids and they seem to possess some

of the hetarogeneity of the polysscoharides. If thase fects are &
reflection of an underlying fundamentsl difference then they should

. be clessified separstely from the other glycoproteins of Gottechalk's
definition.

In the present thesis an altewnative definition is proposed
that is based upen the probable mechanism of tiosynibesis of the
particuler ccmpound, Whereas precise experimental svidence to
justify e definition on these grounds is scanty, snoush is kaown
sbout the structure snd biosynthesis of proteins and carboliydrates as
separete cospounds to sllow certain inferences to be made,

The glycoproteins are & group of proteins linked by covalent
bonds to an, which may be present as a single or as
mmltiple units not showing the polydispersity of the polysaccharides
but having a definite monosaccharide ssquence and the whole mol-



eculo possessing  precise primary, secondsyy and tertiary structure.
It is intended to imply in this definition that the basic

precisely ordorsd structure of the proteins as detormined by the

generally accepted mechanien of synthesis on the ribosome is rete

aired and upon this franewori, ai u stage that is at present un-

known, is tuilt up & carbohyirete superstructure of compsrebly

precise form, It may be that further work will show that the blood

Eroup and related subatances that were quoted ss axamples above

are inciuded in this definition but 1% seems possibie that they

ey be distinguished by essentisl biosynthetic differences. .

7he slycoproteins are very widely distribvuted in nature amd
have been desoridbed in a large number of species renging from
micro-organisas to mAn.

The classification proposed hore is on the basis of fumetion
as far ap the present stats of knowledge allows, Thore axe some
capopin which & partioulsr glycoprotein would egually well be
placed in more than one oategory, ss for instance vith cerulo-
plasain which is both the copper trensporting protein of the serum
and has sneyne sativity.

The examples given in table 2 do not sleim to be a comprehensive
list but merely cover the nore cosmonly snocountored substances.



| _BIOLOGICALLY ACTIVE _

Table 1

Ensymes Ribonmclesase B
Ceruloplssmin
¢ -amylase of Aspergillus orysse
| Hormones Follicle stimulating hormone

" Interstitial cell stimulating

hormons

Thyroglotulin

Thyvotropin

Pregnant mare's serua gonado-
troptn

Human chorionice gonadotropin

Erythropostin

Plummer sud Hirs (1964)
Sehulse (1957)
Tsugita and Akabori (1959)

_ Surgenor and Ellis (1954)
14 and Herris (1952)
1i, Simpscn and Evans (1942)

Erand, Kassel snd Heidel-
berger (1939)

Psls, Siapson snd Evans (1955)
Bourillon and Got (1957)

Curin, Bachzan sod Wilson
(1939)

Raabach, Shaw, Cooper and
A1t (3958)

ol



Table 1 continued

Ye-glotulins

Fappenheimer, Lumdgren and

Antibodies
| ¥illiane (1940)
Transporting substances Cernloplasain Schulse (1957)
Transforrin Koechlin (1952)
Esptoglobina Jayle and Abdellatif (1946)
Blood clotting substances |Prothrombin Lorand, Alkjsersig and
Seegers (1953)
Fibtrinogen Consden and Stanisr (1952)

Platelet cofsotor 1

Seegers, Landaburn and
Fenichel (1957)

STRUCTURAL AND PROTECTIVE

Collagen
Reticulin
Basement menmbranes
Descmet's menbrans
lens capsule

Bowes and Moss (1951)

Hainly from histochemionl
studies |




Table 1 continued

¥ucus of the gaatreintestinal
tract

Mucus of genitourinary tract

Crebsm and Gottschalk (19603

Tanm and Forsfall (1950)

Intrinsic faotor

By, binding factor
Avidin

Glycoproteins of gerum

Givbons (1959)
Glycoproteins from molluscs Efchwald (1865)
NUTRITIONAL AND MISCELLANEOUS
Ovaltumin Heubexger (1938)
Gvomucoid Hormer (1894)
Ovomucin Young (1937)
Casein Johanssen and Svemnsrkola (1956)

Latner end ¥ Evoy-Bows (1953)
Holdsworth (1961)
Prasnkel<Conrat, Snell snd
Ducay (1952)

et
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tion ication of ¢ te

A commonly employed principle has besn {0 utilise the resist.
ance to precipitation shown by wany glycoproteins in comditions
that precipitate proteins. In what iz perbaps the eariiest report
of the preparstion of evalbumin, Hofmeister (1890) used half sat-
urated ammonium sulphate to obiain a erystalline substance and
sight yesrs later Hopkine sud Pinkus (1898) improved this method
by adding scetic sgid to the ovallumin-ammonium sulpbste solution
untii predipitation bad Jjust begun. Although the produot was orysi-
slline, conslbumin, the iron binding protein was still present
(Fevold, 1951). Osborne (1899) further improved tbe method by
using hydrochloric acid in the plsce of acetic acid and went on
{Osborne and Cmopbell, 1900) to show that on the busis of the
asmount of osasons formed, ovelbumin contained 3-55% carbdobydrate.

A similar wethbod dut employing sodiun suiphate, in order to avoid

the addition of ammonium iom, has been describved (Kekwick amd
Cannan, 1936) and Werner (1554) has worked out s scheme for sepe
arating sll the proteins of egg white by preeipitation, acidificstion
and dialysis. More recently Schuid (1954) has used the same

principle in the preparstion ot“l«-ccid giyuopmtﬂn, Temoving

the majority of the other plasmm proteins by precipitation vith
ethanol and fractionating the remaining sclution by selective
precipitation with divalent metal iﬁu. The product was eventuslly
isolated as the orystaliine lead salt. A similar method wis used



by Spiro (1960) in the isolation of fetuin from footsl calf serum,

In preparing human chorionic gonsdotropin Gurin, Hsohman and
%ilson (1939) sdsorbed the protein on to bensoic mcid and in the
isolation of prothrombin Laki ot al (1954) utilised adsorption
on to magnesium hydroxide. Similarly Prasnkel-Conrat, Smell snd
Ducay (1952) prepared avidin, ths biotin binding prinoipis from
egs white, by adsorbing it om bentonite and eluting with die
potassium phosphate,

Acetons has been used as a precipitant by Gross and Cole (1940)
in the purification of pregnant maxre's serum genadotropin end by

Clereszko (1945) in the preparation af ceruloplasmin.

In an esrlier preparvation of fetuin Deutsch (1954) has prece
ipitated most of the plasas proteins with 5% trichloroacetic acid
(pE 3,5) and then fractionsting, first with ethenol and then with
505> saturated smsonium sulphate, achieving by thase nesns an electyro-
phoretically pure protein.

Cohen and Freemsn (1960) have desoridbed ithree methods of pre=
paring ¥ ~globtulins. In one case he used sone electrophoresis on
& celluloae column, in anothsr csee he used dinlysie aguinst a
phosphate buffer gradient and in anoiher case precipitating three
times with 16% sodium sulphbate, followed by chrometogrephy on
DEAE celluloses DEAE cellulose has &leo bteen used by Spiro end
Spire (1963) in the purification of thyroglobulin and by Rarbach
ot el (1958) in the isolation of erythropoetin.
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Sohmid et 81 (1950) have separated y=a0id glycoprotein, an
“Q-glympmtein and peyun altumin, using both artificial mixtures
and naturally occurring samples, by chromatorrapky on cn ion exe
change coiwum packed with a resin posssssing carboxyl groups, and
aluting, in different experiments with oitrate end phosphate buffers
at various pH'o.

The plycoproteins of the submaxillary gland have heen pﬁpaxed
by utilising the property firet desoribed by Hamsersten (1688) of
beingz precipitetsd by acetic acid in the cold, Thus Blix (1936)
obtained a preparation from bovine submaxiilary slend contalning
two eleotrophoretically disiinet glycoproteins by repested pre=-
cipitation from eold solution, iAn elecirophoreticelly homogenecus
glycoprotein wes prepared from the same suurse by watsr extraction

of the visous, removel of teterial soluble at pll 4 from the extract
Sollowaé by precipitation with methanol in the presence of barium
acetate (Curtsin and Pye, 1955§ Murphy snd Gottschaik, 1961).

Touiki, Hashimoto and Pigman (1961) have descrived the prep-
aration of bovine submaxiliary gland mucin by precipitation with
cetyl trimeihylarmonium bromide and a later fraciicnal aloochol
precipitation from solutions in 507 mqueous ealcium chloride.

0din {1955) her used the method of Iscnarsten in the preparation
of glycoprotein from ovine sutasxiliery gland. & procodurs yield-
ing & product of higher carbohydrate content involved water ex-
{yaction of dehydreted tissuss followed by frmotional precipitation



with ethanol (Mo Cres, 1953).

Hore recently gel filtration wiib cross linked dexiran (Sephadex)
or o combinabtion of gel f{iltration and ion exchange (DEAF- snd
Ci-Cephadiex) has proved velusble in the iscletion and purification
of ceruloplasmin (Hansen,1963y Droman and Kjellin, 1564), prow
throsibin (lapchantin end Friedman, 1963; lansen and Fsalen, 1962),
urinary ¥-globuline (Comillot et sal, 1965} and in the frection-
ation of the worvm proteins (isns and Styk, 1962) Gelotte et sl,
19625 ¥lodin aud Rillander, 1562)s

in the present thesis the oveilluain was piwpzred £Xom egge,
from what was believed to be & fairly homogemsous sirain of hen,
by the method of Warner (1954}
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THE PREPARATION OF GLYCOPEPTIDES

INTRODUCTION
Structural studies on glycoproteins have three main aims,

i) to eludidate the amino scid sequence of the polypeptide chain and
to determine the position of the carbohydrate group or groups upen
it, ‘.t:l.) to{.dluoi&ate the sequence of sugars in the oligosaccharide
unit or units and 44i) to investigate the types of linkage joining
mﬁohyﬂmte to polypeptide.

- maa aine have necesaitated the developaent of wmethods for
preparim; glycopeptides possessing certain characteristics., lost
comonh. go for ii) and iii), the object has been to prepare a glyco- ‘
peptide with the oligosaccmida intaot tut with all amino acids
reuamd apart from the one involved in the earborgéutc-protein li.nkaga.
Th.’w ideal hu proved difficult to achisve because it appears that in
moet,m‘u the last three or four nminn acids sre very resistant to
cleavage b:f the proteolytic sgents that are available,

’.,"litlxoﬁ;.er cases it is desirable to have a glyoopeptide that still
contains seversl smino acids as this may assist in locating its
position in the polypeptide chain as in 1) mentioned above or it may
faoilitate its separation from the other products of proteolysis |
oither by charge differences or Ly sise differences, or it mey aid m
the distinotion between different glycopeptides so giving some indic.
ation of the numbexr of carbohydrate units present in a particuler
glycoprotein,
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Early strexpts to obtain polysaccharddea froz glycoproteins
dnvolved the use of alkeline hydrolysis (Rimington, 1929 and Frankel
and Jellinek, 1927) in the bolief that the glycosidic bonfs in the
carbohydrte would be sufficlently resistant to be left intact whilst
the peptide bomnds would be split. Towsver this hope was shown to be
unjustified when Neuberger (1936) demonsiruted that in ovalbumin,
trestment with normal sodium hydroxide at 100° for 16 hr destroyed
apprecistle amounts of glucosanine,

It 30 now fairly olear that conventional chemical methods of
cleaving peptids bonde are unlikely to be satisfsotory in the prepers
stion of glycopeptides with the required characteristice since they
are insufficiently selective to avoid daaage to the carbohydrstes
o In bis 1938 peper Feuberger introduced the uge of proteclytio
engymes for the preparation of glycopeptides. In experimente with
ovalbunin he digested the protein with trypsin for 4 = € weeks st
PE 7,8 and separated the products first by preaipitating the basic
anino scids with phosphotungstio acid, and secondly by Heacetylating
the minm; anino scids with ketens snd extraoting them into chloro~
:f:om;\‘ The glyocopeptide so prepared gave s negative binret xeaction |
and specific tests for tyrosine, tryptopban, histidine, arginine and
cysteine were negstive. There wea no free reducing group but m\wm )
sugare, estimted to be two thirds fermentable suger (mannose) and one
| ﬂxirﬂ azino suger (slusmm') were relessed,

In later preparations a variety oi’-pr&eolwtto enzymes have been



used to dizest the polypepiide chain, but in several cases & warked
resigtance to hydrolysis has been x*opcrtad; Thus Yesashina (1956)
and Popenoe and Drew (1957) found otlonoid glyocopxetein to be peorly
broken Gown by trypsin, papsin or cw\éoxypcptiﬁnu.

It wan 1ater found thet removal of Heacetylneursminic eeid allews
ensymic digestion to ocour (Schmid, Pencsze, Nusabaumer and Wehrmiller,
1559 and Xaniyema and Schmid, 1962, a snd b).  Similadly Veinfeld and
Tunis (1960) found the 'eama protein showsd limited cleavage by pepain;
Howe ver Bouriuon; Got mﬂ ¥eoyer (1963) have shown that plmmucoid;

a m&nin very similer to the ol ,-acid glwépﬁoﬂin of eerun is readily
auabeptibh to digestion by & mmber of unzymea; In studtes on
ovaltumin Cunningham, Busnke:-ssé Nuenke (1957)and Nuenke snd Cunninghsm
(1961) and in work with humn ¥ -glolulin Rosevesr and Suith (1961) tave
d50 noticed the unusual resistance of peptide bonds in the region of
carbohydérate prosthetic groups.

.in continning the work on owslbumin Neuberger modified the mothod
deseribod in 1958 by first digecting the heat dematursd protein with
pepsin for 96 hr at 37° end pH 2.8, then incubeting ¥ith @ mixture of
trypein and chymotrypein at pH 7.6 for 22 hr and ﬁnully velng & mould
p:ﬁteasa {rom Aaperginut oryese (Johameen, Harchall and Nouberger, 1958
end Johanoen, Marshall and Neuberger, 1961). ' A rether similar procedurs
has bocn described by Jevons {1958) but in both these cases mino‘uidﬂ ‘
other than that involved in the linkage remain in the préparat&on, alt hough
when the method of Johansen et al (1961) was followed by ﬁiustion with



a

carboxypeptidase for three deys only tmeé of amino acide other than -
aspartic acid were found, luenke snd Cunninghanm (1961 ) geing essentimlly
the seme techniques have come to similar oonclusions, It is of |
interest that in cpite these frequent reparis of resistance to hydro-
lysis, Cunningham, Nuenks and Strayhorn (1957) have shown that of the
thgpty-five lysine md arginine residues in ovaltuain, 33 I 2 of the
tzon{in involving those amino asids are split by the action of trypsin
as estimated by the ‘release of carboxyl groups, Xt;was concluded from
- the'componitiou of these glycopeptides that the emino aoid Snvolved in
_the protein-garbohydrate linkage was espartic scid, HMorzover it was
'poutli;‘l;ﬁteﬁ‘ that the unidentified nitrogenous component observed by
Heuberger ‘(1958 ) was mssocisted with thie linksge probatly in the formss
of a Fe-glycosidié bond between ihe p ~carboxyl of the aspartic scid and
an Neacetylglucosemine réaidm. |

In mare recent investigetions a new proteolytic enzyze "Pron;geul“'
hap been uecd, (Nomoto and Narahashi, 1959 8, by ¢ and 4 and ﬁomotog
Herghashi end Murskemi, 1960 & and b), This protease has proved very

useful b@auae of its‘ broad specificity. THowever there is some

svidence ﬁmt the activity of different batchce of Pronase are somewhat
varisble (R, D. Marehall, Perscnal commmication)s Time in most cases
it is ostimated thet about 3350 of the ﬁzptidn bonds of ovalbumin are
split (Fletcher, Marks, Mershall end Neuberger, 1963) tut in other
experimmts 8 figure of 177 has boen obtained. Cunningham (personal
communication) has also noticed a similsar varistility in the enuymic
activity of Pronase.
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tiowever it should be pojuted out ilai ihe extent of degradation
in terms of number of peptide binds eplit 1o not necescarily a gcéd
indicetion that a si;itahla glycopeptice bao beern prepaved, since only
two peptide bonde, those on eeol: side of the prosthetic group, have
t0 be cleaved in order to schieve his oblects Oince thers in, s
yot, no ensyme asvallable that is speeific for peptide bonds adjacent
to anino scids involved in carlohydrate linkeges it is, in general,
desirabie to effeat an cxtonsive degradation.

Fronsse has been used eitler alome or in coubinmilon with othex
enzysers to digest a vide variety of glycoproieins. Thus it hacs been
uged to prepere glycopeptides {roa trausferrin (Jamieson, 1963}, ithe
pessylase of Aspergillus ovyzce (Teugite and skaborin, 1959), tijyvo-
globulin (Spiro and Spiro, 1963), ,-acid glycoprotein {Bylar, 1962
end Winsler, 1964), y=glowlin (osevear and Smith, 1%61), bovine
subnexillary glerd muein (Hssbimoto, Teuiki, Nisiseawa and Pigmen, 1963),
ovomcoid {(Merke, darshell, Heuberger sud Popkoff, 1962 end Hontgomery
el Wuy 1963), ovelbumin (Yenashine ané lakino, 1062 and Fleicher ot
al, 1963 a)iwvine subnaxillary glend mucin (Bhavanendsn, Buddecke,
Carubelli and Gottschalik, 1964) ond ovine interstitial osll ebizulate
ing bormone (Pepkofl, 1963).

In tho oase of fetuin, Spifo (1962) bhac used a combinotion of
pepain and & protease from baoillus subtilis (lsgsrse), a combination
of trypein and oclymotrypein, and pepsin. He found thati papain
split epproximately 40% of the peptide bonds, this exteasive digsstion
oscurring with the protein in the native state u\d, in contrast to



-

«x.xﬁ&ﬁiﬁ glycoprotein, dn the presenas of its bich sontent of cinlie
wrdd,

&n cuueryntion psriinent to tho experimental wri &bout o te
fegoribed was mate Uy Loe sad Montgovery (1062; who digusied ovalbuain
vith mpain in attempts Lo prepere & clycopepiide contsining only
aag;xa:ﬁu acide It bas been entabldshed by & nunber of sroups of
vorkers that the etino scid eegusmee in the vicinity of the carlo=-

tydrate io as shown helowe S o
(Johansen et al. 1961; Lee and Montgomery, 1962; Clamp and Hough, 1965)

varbok-Lrate
|

w Glu e Iye » Tyr « 2op » Jox » Thr - Ber -

It would apposr the the aotion of repein Io to conpletoly clouve
thoe asp-lou bong Wt io withoul effact on the ¢yr-eaep bonds Uhe
sisnd ficance of this in relation & the gpeciiXeity of Ivoness will
e s vesed alftcy the expsrimontel sacticn,

Tewing achicved 6 catinfuetory enmynde digestion thore remeins
lar provicn of sepavating the glroopeptide frem the oiher degradntion
profucise A& wide voriety of netheds involving fmcticnel ma&p&ﬁy
alion, elocirophoresis, paper chromstosrephy and lon cxchense cm;»
tosrephy have beslh useds In particuler the Introductilon of caxving
cels M & veans of uliraliltrsasson boo meoved Yo e of gyent wolune
vorath ong Fioddn (155) desoribed the sopermtion of protein salt
sdxiures by filirstion through @owins of cropelinksd poiysaceimride
{Sephadex) and shortly afterwards it was shown by Konigeberg and Hill
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(196c) that the same method could be used to separate the peptides
derived from the tryptio digestion of thecl« chain of human haeao-
glotin, Since the separstion depends uvon s difference in molecular
sige it is nccensary if the method is to de sapplied to the purification
of glycopeptides, to chose & means of digestion that produces peptides
gignificantly smaller (or layger) than the glycopeptide, The firet
applicstion to the purification of glycopsptides was by Colobert and
nmmw (1961) who separsted lysomyme from a mixture of glyeoe
peptides derived from Hicroooocous lysodeiktious, Lae and Nontgomery
(1562) and Rarks et al (1962) extended the method to the purification
of the ovalbumin glycopeptides obtained by digestion of the protein
with pspain and carboxypeptidase in the first case and with Promsss
in the secind. Fletoher ot &l (1563 a) further modifisd the pro@edure
to gohieve a glycopeptide mmm; only & single amino aoid,

Ptler glycopeptiden prepared with the sid of gel filtration
include ovine sutmaxillavy gland glycoprotein (Bhmvanandan et al, 1964
and Carubelli, Phavanmdan and Cottsobalk, 1965), ovamucold (Marke
ot al, 1562), transferrin (Jumieson, 1963}, 4-8018 glysopRotein
{Popence and Hendelschn, 1963) and rabbit { »globulin (Kolsn and
Smith, 1962). '

im the sxperimentsl work atout to be ddméibad the object has been
to prepore & glycopeptide containing espartic acid as the only amino
acide Two methods have been used, firstly digestion wth mmmnp,‘
fullowed ly digestion with carvoxypepticase (after carbobcmoﬁrhticm
of the glycopeptide formed by Pronase) and secondly digestion with



papain followed by Pronsase.
EXPERINENTAL o
HETEOD 1
Digestion with Pronase
Crystalline ovalbumin {50 gn) prepared by the method of Warner (1952),
was dissolved in 100 ml of Q.15Mealcium ehloride solution. 371 ml of
water was added and the pH adjusted to 645, Digeation was comzenced by
the addition of 1.0 ga of Pronase-~P (Kiﬁguluy and Keith (Chemicalas) Ltd.,
Rex Fouse, 38, King ¥Willimm Streot, London, E.C.4.) and the mixture
incubated st 37°. At mero time 0.1 ml of the digestion mixture was
withdrawn and estimated by the ninhydrin method of Moore and Stein (1948).
Similar portions were taken at hourly intervals for eix hours and at
48 and 72 hrs The pY was checked at intervals and sdjusted to 8.5 by
the addition of ¥ TaOH. A further 0.5 gn Pronase was added after 24 hr
and again after 72, 120 snd 168 br.  (In later preparations this time
was reduced to 24 hr since very little further degradation eccurs after
that time), The course of the reaction is shown in fig. 2 and table 2,
Hinhydrin Hothods
Kesgeis - Cltirate bulfer
Citric acid (21.008 gu) + § NaOE (200 ml) was diluted to
1,000 ml with water end the DE was adjusted to 5.0 £ 0.1,

Hi_ggxdgn golutisn

(1) Stannous dﬁlorido {C«80 cm) was dissolved in oitrate
buffer (500 md).

(11) léinhydﬂ).n (20.0 ga) was disaolved in methyl cellosolve
' 500

»
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Digestion of pvalbuﬁiﬁfwith Propase-P .




Table 2

Digestion of ovalbumin with Pronase-?

Time hr Espap Time hr Ber0 ap
.0 0.01 5 0el9
1 0.07 0.36
2 - 0405 . 48 2,62
3 . 0407 72 2,52
4 L
Table 3

Mannose estimations of frastions from Sephadex C-25 of
Promase~P digest

'mhe noe 8505 au Tube 10, ESOS "

B 0417 32 1.7
2 0,225 33 0uT5

K 0.065 54 0,35
2% 0,20 35 0,25
21 0.15 38 0.12
o8 04225 2 © 0.08
29 0.1 44 ol
30 0.52 a1 04095
5 0.67

27
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Bgual volumes of (i) and (ii) were nixed Just prior to use. The
solution to he oetimnted (1.0 wl) wes mixed with 1.0 ml of the ninhydrin
reasent md placef 4in & bolling wnisr bath for 15 min. After &ooling
for 1% min ¢ilutions wore made &o nocesesry by the addition of 504
ethanol e the colow produced was yest at 570 m/l/t

The digestion mixture (520 ml) was then oemirifuged at 1800 rev/min
for 30 nmin, the supemetant was poured off and evaporated to 335 ml on
& Totary ovaporator at 40°.

Fihanol (1340 nl)} was sdded to give a finel eomosniration of 507
and the mixtire left to stand et 4°% for 46 byr. The supsrnatant was
decanted and the precipitate dlssolvaed in 35 ml 0.1 ¥ eoetic acid, &
gznll mount of imsoluble materisl teing remvad By :entrifugatian-

The golution woe appiied % a columm of Sepbadex 6825 whiol was prepared
as followa,

e

rresaretion of aplomn,

Gephedex =25 (100 £m) wes spusponded in L litre of water, allowed
to slend ovormisht md poured sa g slurey intc 3 column 34.5 x 4 on

vhiioh was sushsd by alloving Q.1 & acetic acid o yun throwl for O hye

%
-~
-

Feaotionntion on w@}hadﬁx sl"&.

Tuo colum was cluted with O I acelic acld andé 25 wl fraciions were
coliccted, The Zracilons were wsiizoted for hexose by the orcinole
gulpburic aefd mmtiod (Joranson ei ul, 1% a ; as desorived én the fllovwing
peragraphs, and for free suind graips by ole nirbydrin w @od descrived

proviousiye

The oreinolesulvhuric acid method@ for the cetimation of hexoscs

The reagent canaisted of a mixture of 7.5 volumes of 60% sulphuric
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acid amd 1.0 volume of 1.6% orcirol ia water., The resgents were cooled
to 4~5° before miming. 1.0 ml of o solution containing 100500 21 of
_hexose wes mixed with 8.5 ml of the veasgent and hosted in a reflux tubs
for 15 min at 60°,  The tuboz were cooled amd yeod in the spectrophoto-
medey at 505 o U

Vaxose esiimations wers performed on every third tube from 20-59 and
repeated on every tube from 25~35., Ninhyérin estimations were performed
on every other tube from 15-71. The rssulta are schown in tables 3 end 4
and fig 5.

Tubes 26-35 inclusive were pooled and estimated f or mamnoses The
repults are shown in mble 5 ané fig 4.

The total volume of the solutlon of glycopsptide was 250 ml and
reading from the standard curve it is saen tint the estimetion indioates
a mannoge concentration of 190 g per 0.1 ml. The total yigld in
terms of munnose is therefore 475 mg. If 2 mennope content of 2% for
ovalbumin is takm , then 50 sm would give & theoretical yleld of 1.0 gu.
The yield in the rresent experiment is therefore 47.5%

Amino acid snalysis of the glyecopeptide.

Glycopeptide solution (1.4l mlj equivalent to 3.0 fmoles of glyco=
peptide) wes evaporated to éxyness and 4,0 ml of ccnstent boiling hydro-
chloric acid addeds The tube was sealed under a vacuum and haatod
at 110° for 18 br.

The hydrochloric acid wes removed by eveporation and the producte
of hydrolysis tesken up in 3.0 ml of water (1 umole/ml).

Amino acid analysis was oarried out by Moore and Stein chromatosraphy
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Tabls 4

Ninhydyin estisations of frastions from Pronase-P digest

on Sephadex G«25

Tube no. Es70 m ~ Tube no, Bgoo ap
15 0.08 45 1.3
17 0.045 a7 1.0
19 0.065 49 12
a 0,10 51 1.5
23 0,20 53 1.5
25 0.10 59 185
27 0.0z 57 1.0
29 0.05 59 0,90
5 0,105 6 0478
33 0.25 63 0456
35 0.08 65 -
37 0,02 67 04185
39 0409 69 0415
7 0,105 7n 0,220
43 1.4
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Teble 5

Harmose estimation of pooled glycopeptide

R mamnose Es05 w0 Hean Corr. for blank
Blank 04037
040395
BElank 0,042
100 0.265 '
0.262 0.223
100 04260 :
200 0.50 .
0.52 O.48}
200 054
300 0.78 .
0478 0.741
300 0.78
400 1.05 .
1,05 1,011
400 1.05
500 1.35
1.35 1.511
500 1.35 :
Qol ﬂl glywt 0-44 o
0447 0.441
Ol ml mi 0.50
0.2 nl glyoco. 0.5 :
' 0.93 0.891
02 ml .glm. 0,92
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with & Techmicon Autoanaiyser using sn adaptation of the cyanidee
ninhydrin method (Yemm and Cocking, 1955) for detection amd eluting the
colum with a gradient of citrate buffer controlled 'by an Autograd (9-
£lass chabered gradient device dewveloped by the Naticnal Cancer
Institute, Hational Institutes of Fealth, U.S. Department of Public
Health, Bethesda, Marylend}. See fig. 5 and table 6,

The glycopeptide was alao exemined in the Automnslyser prior to
hydrolyeis using similaxr conditions to those dsseribed. See fig. 6.
Carbo tion of the tide

This was carried cut by the modified Sehbttmolzam procedure of
Groenstein and Winits (1961). |

The pooled glycopeptide =olution was eveporated to drynesa at d5°
leaving & yellowish hygroscopic material which was taken up in 10 ml of
- water, transferred to s neell vessel and sgnin eveporated to dryness.

The residue was dissolved in 4.9 ml of water and 984 mg of sodiua

bicarbonate waz edded, Benryloxycarbomyl chloride (3.08 ml) was added
snd the mivture chaken at 37° for 1 hr when a further 1,08 ml of benzyloxy-
carbonyl chloride was added end shaking continued at 37° for 24 hr.

Undissolved sodium bicarbonate wes removed by centrifugetion,
washed with cold water, and the washings sdded to the main solution
which wac exirsoted three times witk 20 ml portions of ether to remove
axcess bensyloxycarbonyl chloride,

Rinhydrin estimations weve performed om the solution thus obtained
and ‘showed that no free anmino groups could be deteoted,

Digestion with carboxypeptidase A
The benzyloxycarbonyl glycopeptide was brought to pE 7.5 by the
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Table 6

Amino acid analysie of glyaopcptidq prepared

by digestion with Pronsse-P

Amino acid Eioromoles
Aspartic acid 1.0
Threonins 0.25
Berine 0.7
- Glutanio acid 0.08
Glyoine 0.32
Valine 0.11
Isoleuoine 0.05
Leuoine D51
Tyrosine 0.07
Arginine 0.37
Glucosanine 1.85
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by the addition of § HCl, Carboxypaptidase A (47.5 mg) was ndded and
the aixdure incubat;d at 57° for 24 r.

A portion was withdrawn at sero time and amwother after 24 hr fo
ninkydrin estimm tions which indlcnted thet the earboxypeptidsse had
resulted in & 277 increase in ninkydrin colour. Tho results are showm
in teble 7 and fig 7
Purification of the benzyloxyosrbonyl giycopeptide after digestion.

The solution of glycopeptide was eveporated to dryness and the
residue dissolved in 15 ml of Ol ii atetic g0id and applied to & column
of Sephadex G«25 prepared ag describve atove. The column vas eluted
with 0.1 E acetic acid abd 10 nl fractions wers collected, Lvery fifth
tube from 50-%00 was estimated fox mannove ard covary fifth tube from
50=145 wes eatimated by the ninhydrin method. The results are showm
in table 8&9an¢ fig 8

Tubes 55-8f were pooled end estimated for mannose wiich indionted
& concentration of 1,00 ng/ml, corresponding to a total of 320 mg of
mermose., The yleld for ihios stagewuf the propavaiion was therefare
spproximately 707% See table 10 and fig. 9
Aninogcic enalreis of the gdyconeptides

iy copepti de mlutior (1.62 mly 2.0 pmoles) wos evaporaied to dryness
end ¢icsolved in 4.0 ml of constent boiling hydrochloric scids The
tube was evaculed, sealed end heated at 110° for 1% hr. Aminoacid analysis
was perfuered s deseribad proviousiye  The resulic ske shown in

teble 1lland filg 10
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Table 7
E57O mp . . Coxrr. for blank

Blank - 0.105
0.1 ml of 1 mM 0,370 10,265
aspartic acid - ‘
aspartic acid :
0 hours 0.588 0.483
24 hours - 0.720 0.615
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Table 8
Hamose estimations of fractions from Pronane-carboxy-
peptidass digest on Sepkadex Ge25

b no. | Psos mu Tobe nOe Beos mul
50 04134 80 04272
5% 0.163 65 04144
0 0.447 %0 0,130
65 : 0910 . 95 04120
70 ] .04 100 0s115
() 0775

Table 9

Ninkydrin sstisstions of fractions from Pronase-carboxy-
peptidase digest on Sephadex 0«25

Tube no, | E§70 B ube no. 3570 am
50 ' 0,052 W00 04153
55 04026 105 0723
60 0.020 110 0,383
65 0,009 15 0134
70 0.017 1 0
75 0.006 123 0.013
80 04009 1% 04016
&5 0,017 %5 04007
o 0,006 240 04007
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Table 10

Mannoes estimation of pooled glyeopeptide PC
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3505 n Corr, for blank

Blenk 0.028

1001gn mannose 0.295 04267
200/g2 0,581 0,553
X0ugn * 0,855 0.827

400 pam 1.13 1.10

500 pgm 1.46 1.43

0.2 m} glyco. 0594 04566

0.4 =l glyco. 1,10 1.07

Table 11

Amino acid analysis of glycopeptide FC

Amino acid Hicromoles

Aspartio aold 1.0

? Glyoine 0,028
Leucine 0.028
Glucosamine 1.74
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METHOD 2
Digestion with papain.

Crystalline ovalbumin (5.0 gms prepared as in the previcus exporie
ment ) was dissolved in 200 ml of water, the pE adjusted to 7.5 and tie
protein demftured by heating at 80-62° for 15 min. Thﬂ solution was
cooled snd 22,0 ml of 0,5 g phosphate buffer pH 7.5 was added mking a
final concentration of (.05 b with respeot to phosphate. Sodium versenate
(837 nz) and 0,172 gu (04155 ml) vof 2-mercaptosthanol werc added. The
PH was adjusted to 7.5 with § NaOH.

Pepain(: 15 mg) was sdded md the mixture inoubated at 6¢° for 5 hrs

A portion was tsken at zero time and ai hourly intervals thereafter
and entimted by the ninlmirin method. The resulis are shown in
table 12and fig 11

The papsin was inactivated by bringing the Gigest to PE 345 by
the addition of HCl and heating at 75° for 30 min. The nixture was
cooled and the pH brought to 6.5 with HaCH.

Dizestion with Pronase-F.

A amall precipitate hed formed during papsin digestion which was
removed by centrifugation. Calcium chloride (1453 gu) was wdded to
& concentration of 0,015 M, teking into mccount the uplake ol the
sodium versenate ané the 2«mercgtoethancl added veiore the {irat digesti on.
Pronese~P (100 mg) was added and the mixture incubated at 377,
portions beins faken for ninhydrin cstimation as volore. The pE was
kept constant at 8.5 by the addition of }NaQH.
After 24%r a further 100 mg of Pronase was added and incubation continued
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Fig. 11
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Papain digestion of ovalbumin -



Table 12

Papain digestion of ovaltumin (ninhydrin colour)

Tae (br) E570 my
0,240
0.434
0.495
0.664
04756
0.7%0

0,765

NS I o T - B N -

Table 13

Prooase digestion of glyoopeptide PA (nindhydxin)
Time (hr)

E570 mi
0.470

0.495
0.360
0.502
0.59%8
0.540
0.606
04648
0.700
0.635

EO\\”&W”PO

-3
@

K
f
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{ocr mim‘:hcr 24 hr. 'Mhis was folloved by leaving the mixiure at rom
fanperaisura far 06 hre The resulis sre shosn In tsbie 13 end fig 12

5 arecipitrie hed formed during the incubation whieh was removed
by centrifusntion and the supormntant was evaporatsd to dryness at 35-350.
The residue vag dissolved in 30 zl of water, etm}sol (120 =1} was added
ond the nixture Ieft at 4° for 48 hre A st'ics.-;y yellov precipitate
had fompd frum ohd ch the supornmetent wae removed vy decantation.

Peorification ol Sephadox $-25

The pm:::i.;_si‘hata was diesm lved in 15 nl O.1 § acetic zoid and epplied.
to 8 wivon eof Sephedex G«25 wapered zo described previously, The
column wae aiutaa vith 0.01 B wnﬁia acid end 10 ml frections weré,
colixted., Alternate tubes were analyséed fér mamnose and ninbydrin
colours The results are shown d@n tablelq snd fig 13

Tabes 16«23 were pooled snd estimated for manncse widch indicated
a concentration of 1.078/mg/m) and corresponded to an 853 recovery
from the starting meberinl. See table 15 and fig. 14

Aninoacid anelysis

The glycopoptide (5.0 /\molcs) wae hydrolyssd and mnalysed as
deseribed previouely. The reculte are showm in itablelé anq figls

Tltraviolet gswectrum of glyoopaptide

hopuming a moleculsr weisht of 1800 for tie glycopepiide prepared
eng described abave o solution of 1.5 mM concentraiion in weter was
made up fron & weighed guantity of tho materisl. The uliraviolet

speatrum was recorded with {ie Unicon 87 700 and is shown in £3; 16



——

® ®
. v
Bs10 mw \
L 1 11 } 1 } % } 1
L 2 345 6 24 28 31 46

Time hr

. Pronase digestion of glycopeptide PA

2T *3tg

6%



Table 14

50

 Fractionation of glycopeptide PA-P on Sepbadex G-25 (ninhydrin)

Tube number 13570 m Tube number ES'IO n)

10 0,050 30 0.5%
12 0.025 32 0.525
14 0,025 34 0.510
16 0.010 36 0,264
18 0.093 38 0.116
20 0.046 40 0.012
22 0.058 42 0.017
24 0.153 24 0,017
26. 04330 46 0
28 0,480

Fractionation of glycopsptide PAP on Ssphadex G-25 (owcinol)

Tade m‘bur E555 aw Tabe nunber 3565 a)
10 0,041 22 0.262
12 0.048 24 04126
71 0.098 26 0,069
16 " 0.083 28 0.049
i8 0.376 30 0,062
o) 0.510 32 0.042
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Teble 15
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Marmose estimation of pooled glycopeptide PA-P

' E505‘ au Cory. for blank

Blank 0.044

100 gm mannose | 0,300 0.256
200 gm % | 0.554 0510
0 gm " 0.816 0.772
400 gm 1.086 1,086
50 ga ® 1.45 1.406
0.2 ml glyoo. 04600 04556
0.2 ml glyco. 0.608 0.564

Table 16

Mnino scid snalysis of glycopeptide PA.P

Anino acid Hicromoles
Agpartic asid 1.0
Threonine 0.155
Serine 0.4
Glutamie meid Ce33
Glyoine 0.12
Isolevcine 0.045
Leupine 0.13
Tyrosine .52
Alanine 0ud4
Glucosamine 1.62
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Fig o 15
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RESULTS ABD DISCISODION

HSIIHOD L.

Pronage disestion

It will be sesn from inspection of fig 2 +that meximal digestion:
by Fronase is attained after approximiely 24 hr and 4n later prepare
ations inoubation was limited % this time. The m st extensive
degradation in terms of nunber of peptide bonds split, as estimated
by the ninhydrin method, is that nckievod ty the prolonged use of
pepein (¥le toker et al, 19633 btut amino acid snelysis shoes that even
when pepoin treatment is followed by trypein and chymotrypsin the
anino enids loucine, serine anml threonine are etill preasnt.in the
clycopeptide.

Amino acid analysis of the glvoopeptids prepared by Tronase
digestion alone (estimated %3% of peptide bonds split) indicated the
presence of sigﬂiﬁﬁem emounts of *hreonine, serine, glycius, valine,

leucine and arginine rndsm 1l smounts of gludamic acid, isoleucine
md tyrosine (see table 2 ). From fig 1 it will be seen that the
amino acid sequence in the region of the carbohydrate does not include
the amino acide glycine arginine, plutamic acid and isoleucine, it
was therefare concluded that these might be present in sz contazinsting
poptide of apmroximstely the same molecular weizht &lyeopeptides
4mlysie' of ji;he alycoiaeptide preparation before hydérolysis indi-
cates two veaks, one corresponding with the position known by previous
experiments (Dr. H. D. Narshall, persnal communication) o be charac-
teristic of the glycoreptide and amotler lesc sherp peak, slightly
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N-terminus , The ovalbumin molecule

‘Ac: Gly.Ser. Gly; Ileu.Ala.

Glu

L¥s ‘ ' -

Tt Mane. Mane —-| f N AcGlu | ©

Tyr / -

Asp=—NH~f~—N-AcGlu

Leun - \N AcGlu Man.,.
. : = = 3
Thr :

S?r Phosphate

Val '

feu . Asp.Ser.Glu.Ileu.

LG‘lu'oAla . Gly- Val .Asp’.Al‘a -Ala.- el

C_ys,.' (Ala.Val),Cys .Aig ,Cys.Val,Cys. Gly,.Cys:..GliJ.—J '

l ) - ' By .
-Cys.Phe, Thr.Cys,Ser.Cys,Glu.Cys,Phe.Cys,A8Dp i.Cyg ’

Val.
cys' -
|

Val «Ser.Pro.

g C-tern‘linu's _
{from Marshall and Neuberger from Gottschalk, 1965)
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more rehdrdod than the glycopeptides From the amino acid snalysis
it can be scen that the molar composition of the peptide could be
(arg) 4 (gly)j(ﬂouyglu), which would have a moleculsr weight of 1200
and oo would not be expected to be separated from the glycopeptide
on Sephadex f;-25. Consideration of figz 1 and table 2 shows that
Pronase haw virtually completely split tie t{yr-asp bond but has only
partially split the asp~leu hqnd, the leu-thr bond and the threser bond.
It is known (Fletcher et al, 1963s) tint & glycopeptide of this com-
position is completely resistant to hydrolysis by pepsin, trypsin, A
chymotrypein, papain and & streptomyces protease. Johansen st al
(1961) heve shown that mlthough carboxypeptidase releases some ser,
thr and leu the resultant glycopeptide still contains significant
amounts of these amino scids, Kaversneva and Bogdanov: (1961) and
Nuenke end Cunningham (1961) have reparted similar findims.

Carboxypeptidase digestion.
Bogdanov, Keversneva and Tei De-Fan (1961) indicated tiat the

N-benzyloxycsrbonyl derivative of such a glycopeptide would render
it susceptible to the action of carboxypeptidase, Trestment of the
glycopeptide prepsred by pepsin, trypsin and obymotrypein digestion
in this way yielded s glycopeptide with only trace amounts of amino
acids other than gspartic acid (Fletoher ot al, 1963a). SRimilar
treatment of the Pronase glycopeptide has removed all amino acids
other tha aspartic acid leaving only 0.0% mole of leucine,

The satisfactory separations achieved with Sephsdex (=25 in these
experiments suggest that gel filtration has a wide application in the



pe

preparation of glywopeptides providing that the othexr produots of digestion
are asignificantly different in si:e, Thus s glycopeptide of mleculsr
weisht approxinately 1500 is comrlotely sepsrated from die and tri-
peptides and free anino acida. However the presence, as described
sbove, of e sontamineting poptide of sompmrable size to the glyoo-
peptide, shore that amino acid analyses indieating several amino acids
other than the one oxpected to be invdved 4in the linkage require sone
caution in their interpretation.
HETEOD 2
n gti

In the preparation of glycopeptides from ovaltumin by repsin digeation
foe and Hontgmery (1962) have shown that the ssp-leu tond (sce fig 1 )
is completely cleaved whareas tle tyr-ssp bond is resistant. Since
Promee apparently possesses the converse gpecificity it seomed reasone
abletoiry a combingtion of the iwo enzymes to schievs the preparation
of & glycopeptide containing only sspartic acid.

The findings of Lee and tontgomery were onfimed by the present
experiments tut it appesrs {rom the anmino noid snalysis that the tyr-
asp bond left in this glycoreptids by the papain digestion is made
resistant to Pronase by the absence of amino acide on the carboxyl
side of aspertic soid. Then Pronase is acting on the whole glycoprotein
it seoms poesible thet the comverse situstion oocurs, that is, the
rate of hydrolysis of th aspeleu boné end when all the tyr-asp bonde
ha¥e been cleaved the remsining sspelou bonds becone resistant, This
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‘would acoount for the glycopeptides cmtaining fractional molar quantitigs
of leucine or tyrosine.
Dltraviolet spectrum of the paphin-pronsse glycopeptide,
Figldb - showing the ultraviolet spectrum of the papain-pronase
slycopeptide confiyms the presance of tyrosine by the appeararce of
. g maximum at 276 mpe An axperi@antally determined valus for the
molar extinction of tymweseine at this wavelength was 1380 from which
it was esloulatéd that a 1,5 mf sclution of glycopeptide was 0.72 mil
in tyrosine per mole of glysopeptido. This walue is in good sgreee

ment with the value of 0.52 moles given by amino acid snalysis.
Table 17 shows the composition of some glycopeptides that have

been prepared from ovalbumin. -



Table 17

The composition of some glycopeptides

References Hexose FHexossmine Tyr Asp Len Thr Ser 7Val Ala Gly Glu Lys
JOVOnB, 1958. 4 2 - 1 1 - - - - - - =3
Johansen ot al, 1961 - 5 3 0.2 099 O.J6 0a35 0432 « = = = -

Nuenke and Cunningham,

1961. 5 | 2 DeG 1.0 1484 0.92 0.93 0465 = - - -
Kaversneva and Chi Tieh- |
v ° fang ig6 i 5 5 .- 106 106 005 604 -~ 012 ﬂh} - -
Lea and Hmmtgomery, 1962& 6 3 0.93 1.03 0.05 0.05 0.05 - 0,08 0.05 .11 L4 1% §
Fletcher et al, 1963. 5 3 o 101 007 ~ 0.1 = 0404 = 0,04 =
Present studies, 5 3 - 1.0 003 - - - - - - -
al, 1 _
Fle mh::de;reﬁ;ﬁt 923“&3’& 5 3 8#55 1.0 0013 0.15 0 o34 - Dedd 0al2 O 33 +
Clemp and Hough, 1965. 5 3 0.6 1aC QT 0.9 0.7 - - - - -
*

Biokhimiya, 26 420.

09



DETERMIRATION OF THE MOLECULAR WEIGHT OF THE
OVALBUMIN GLYCOPEPTIDE
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ECILAR _WEIGNT OF 7HE OVALBUKIN

SLYCOPEPTITE
INTHHIUC TIOR

The molecular waight of a glycopeptide from ovalbumin (Reuberger,
1035) was ostimated by an isopiestic method invelving bringing solusions
of the glycopeptide into memotic egquilitrium with 8 solution of XKCY
of known concentretion. A value of about 1200 was obtained,

Using & titration nethod Keversneva and Bogdanov (1962) found &
value of 15¢0 for a glycopeptide from the sase source and by the Fssesy
depression of freesins point micro-aethod Clsmp and Nough (1965) have
estizated the molecular wight of a glycopeptide, containing appreciabdle
amounts of amino acids otler than aspartio scid, to be 16602300,

In the present study the ultraviolet absorption of = substituted
méap:rptwa {Fletcher, Marshall and Neuberper, 1963b) was used to
estinate the woleealarx weight. It was desirable to sslact as chromoe
pharic substituent a group which ws sufficiently isolated to e
unaffectatt by chenges in the rest of the moleculs, This would enable
a mlur extinotion €0 be onloulated from other known sizilarly subatituted
compounds, with reasunable confidense that no sericus srror would be
involved in using this figure for subsequent caloulations. |

It wao also desirable that the subetitution should be schieved
under nild conditions that would be unlikely to alter ite glycopeptide
structure, and also trat the profuct should be stable &t ordinwry
tenperatures and under the conditicns neaemmary for ultravioiet
exanination,
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The chromophore should also absorb at a wavelength well separated
from the moin emide bond absorption of the unsutetituted glycopeptids,
hut gn the other hand it should not have an absorption likely to
interfere with the estimation of memnose by the orcinolsulphuric moid
mmﬁﬁ as this prodedure was necessaery to match the concentrations of
tle substituted and unsubstituted glycopeptides.

An accurate estimation of the molecular weight secued dosirabh in
view of some doubt as to the carbohydrate composition of the glyco-
poptide expressed by scme workers (Lee end Hontgomery, 1961% Fusnke and
Cunningham, 1961, Horman and Gollwitzer, 1962 and Jevons, 1958).
THowaver these ecstimates bave been tssed on colovrimetric methods which
may be nonespecific and should he intsrpreted with soms caution. A
redio-isotope dilution method (Francois, Marshall and Heuberger, 196‘2)
uhioh‘ avoids this disadvantage indicated that ihe glyocopeptide con-
tained five residues of mamnose snd three residues of Neacetyl-
glucosazine. Although in the present $tudy the oroinolesulphuric soid
method has been used, this has only been done in order to match the
solution in sanmple and referemce cells with reaspect to mannose, and‘
not to obtain an absolute value.

‘It seamed that the benzyloxycarbonyl group would mest the necessary
requirements outlined above, the -cnzoco- group acting as & "spacer®
between the ohromophoric bLensene ring and the glysopeptide, 20 minie
mizing the possivility of interaotions between the two compomsiiés that
might cause an undetected alteration in the molar extinction.

Five compounds linked with tie bensyloxycarbonyl group were studied,



1) depe (g_-bonzyloxywbonyl-hp—aawtmida Jel-deoxy~Degzlucose
(preparation by Dr. G. S. Marke; Marks a:d Neuberger, 1961),
41) R~bensyloxycarbonylw-glucosamine, iii) E-bensyloxycarbonylede
mathylglucosaninide, iv) N~benzyloxycartonyled-amino-j-hydroxysdipio
soid (preparation of Laver, Neuberger and Scott, 1959) and
v) li~bensyloxycarbonyl aspartic-p= semisldehyde (kindly given by
or. G H. Tolt, see Neuberger and Tait, 1962).

The ultraviolet spectra were recorded with a Unicam SP 70C:using
1 om Suprasil cells, Molar extinoctions were caloulated for maxinma

at 252 By 254 By and 267 e

EXPERDENTAL
Yolar inction of the benayloxyoar 1 *

Beatween 5 and 10 mg each of the densyloxycarbonyl derivatives
was weighed accurately to a hwndredth of a milligras, dissolved and
mzade up to 10,0 ml 4n 304 ethanol,

Pige 17 shows the spectrum of l-pu(gcbensylmwbmyl-h-fbn
aspartamido )=l-deoxy~D=glucoss which was typical of all the sulstances
exanined, The recordings were made with 30% ethanol in the referense
cells Table 18 shows the molar extinctions of eash substance and the
mean value of each maximum.

Moleguloxr weight estimation of the glycopeptide,

The benxyloxycarbonyl glyocopeptide used in these studies was
prepared by methed 1 desoribed in the previous sesction and ninlvdrin
estimations showed that carbobensoxylation was complete. |
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Table 18
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 Holar extinstions of bemsyloxycarbonyl compounds

Substance 252 mu | 254 mpn | 267 my
Cbzo methylglucosaminide 168 217 14
Chuo glucosanine 166 23 15
M « =amino-}~hydroxyadipioc seid 173 206 115
Cbmo mspartic-f-semisldetyds | 168 209 19
Cbso aspartylglucosylanine 167 202 119
Hean 168 209 116
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Fig. 17
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Removal of the bensyloxyocarbonyl groupe
The umethod employed was by hydrocemation in the presence of

palladium black.

Bensyloxyoarbonyl glycopeptide correaponding to 320 mg of

mormose was dissolved in 25 ml of 207 scetic secid and 20 mg of
pelledinm black added. The mixture was stirred snd hydrogen was
pessed over the surface for 4 hre  Palledium black was removed by
filtration and the solution evaporated to dryuess. The residue was
taken up in water and 8 pure white fluffy product obtained by
freese-drying,

The uliraviolet spectrum of the produet showed de-carbobense
oxylation to be incomplete eo the above procedure was repeated to
ive o glycopeptide free of the substituent .

Dry weight of the glysopeptide. |

Bensyloxyearbonyl glycopeptide (18,575 ng) was heated at 80° for

4 hr in vacuo., The weight loss was 2,00 mg.

Spectrun of the bensyloxyoarbonyl glycopeptide. |
Bansyloxycarbonyl glycopeptide (35.43 mg) was Gissolved in water
and mads up to 10.0 ml. |
Glycopeptide (23,61 mg) wae dissolved in water and made up to 5.00 ml,
‘Banzyloxycarbonyl glycopsptide solution (3.50 wl) was made up to
5,00 ml with ethanol (30% in ethanol) snd a volume (2,36 ml) of glyco~
poptide solution containing the same amount of mawmose on the basis of an
oroinolepulphuric acid estimation, was similarly made up to 5,0 ml in
30% ethanole Thus with bemnzyloxycarbonyl glysopeptide in the sazple
c¢ell and glycopeptide in the reference cell the observed spectrum would
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be o measure of the bensyloxycarbonyl group present. Fige 18 shows
the speotrum of the bensyloxycarbonyl glyocopeptide.

AESULTS AND  DISCUSSION
'mé spestrun of the bensyloxycarbonyl group shows well defined ,
maxima at 252 mpy 254 mp and 267 m/y and alsc & platesu st about 262 mf

Holar extinctions for the maxima are shown in tadleds . The &ndividual
valugs for each of the maxima are seen to be satisfactorfly similar
between different compounds in spite of considerable differences in
structure, It therefore seemed justifiable tc use mean values in
calculations on the glycopeptides. |

S'ha form of the bensyoxycarbonyl glycopeptide speetrum is closely
similar to that of the eference compounds, and using the extinctions
referred to above and the known concentraticn of the benryloxyesrbonyl

Elycopeptide on a weight basis, values of 1710 (252 n;/), 1750 (254 n/u) ’
and 1660 (267 m/w} for the wolecular weight were obtained. The mean of these
figures when vorrected for moisture and the btensyloxyoarbonyl group gives
a molecular weight of 1570 for tha glycopeptide.

The molecular weight required for a glycopeptide composed of five mannose
three Neaoetylglucossmine and one ssparsgine residues is 1551, The figure
obtained in this experiment is consistent with this structure and it scems
unlikely that this glycopeptide contains a sixth residus of mannose.
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DEMONSTRATION OF A (wASPARTYL LINKAGE WITH

&

CARBOBYDRATE COMPONENT
TROIUCTION | |

Evidmoce supporting the hypothseis that in ovalbumin the oarboe
hydrate component is linked (as an Nwglycoside) to the 3 ~carboxyl group
of an aspartic acid yesidue has been largely indirect, Thus the resis-
tance of this bond to cleavage by enzymes that acton peptide bonds
is veiy suggestive and a linkage through the ol-carboxyl group would
heecaaitute a peptide bond with the adjacent amino acid through the
| pecarboxyl group unlesc the aspariic soid was O-termiml,

Edmn (1950) and others (Freenkel-Conrat and Harrie, 1954) have
developed & technique for the determination of the amino acid sequence
in peptides involving the xesction of the fres terminal amino group
with phenylisothiooyanate to form the phenylthiocarbamyl (PTC) derivative.
In aoig! conditions oyclisation ocours with the earboxyl group that is
in mtido linkage, cleaving the piptide bond with the formstion of
the phenylthiohydantéin (PTE) derivative of the terminal amino acid,

It seemod thet direct avide nce for a p-aspmtyl Iinkage might
be obtained by the application of this method, Thus if it werse
possible to prepere a substance in whioch ihe PrH derivative of
ssper tic acid were still linksd to the carbohydrate, it is olear thet
the Xecorbaxyl group of aspartic acid sould not be involved in the
bond einoce if it were the oyclisation reaction would have resulted in
its cleavage and the liberation of PTH-aspartic acid. Furthermore,
if subsequent hydrolyeis yielded PTHwsspartic mcid the p-linhge would
be oonfimed, |
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EXIRINCNTAL

Pl-asportic acid and other PTH-anino seids for use as chromato-
graphic markers. were kindly supplied by Dr. E. Papkoff.

PTHeasparagine was prepared by two methods, i) was a modification
of the method of Fraenkel-Conrat, Harris amd Levy (1955) and 4i) s
modification of the method of Konigeberg snd Fill (1962)s
lethod 14, Formation of PIC-derivative of ine.

Aeparagine (2.0 gm); supplied by EDE was dissolved in 70ml of
50150 dioxen-water, Sodium bicerbonate (4-5 gm) end redietilled
phénylisothiooyanate (2,0 ml) were added and the mixture shaken at
40° for 2.5 hr. Excess phenylisothiocyanate was removed by extracting
seven times with bensens, The mixture was neuimlised with hydrochloric
acid and phenylthicoarbamyl-asparagine.precipitated ocut. The precie
pitate was extracted into ethyl acetate and dried over anhydrous sodiunm
nuiphntc- ~ Evaporstion of the dhyl acetate yieldsd 2.2 gm of pale
yellow mtﬂa. The ultreviclet spectrum of this material showed a
maxioum at 252 my which is charsoteristic of PTC compounds, (Fige. 19).

Formation of the PTHederivative.

PIC-asparagine (0.5 gu) was eha:en with 20 ml of 2X HC1 prepared
from constant boiling FCL at 40° for 1 hr, 4 vhite insoluble substance
formed whioh was extracted into ethyl acetate snd drisd over ant;ydi'oua
sodiun sulpate, 7The ethyl acetate was removed by evaporation and the
residue dissolved in s small volume of hot 50% ethamol. Crystals of
PTHesoparagine formed on cooling, Hecrystallisation was aohieved from
ethanol-wster giving & mbetance with melting point 234°-236° (Zdnan, ;440

gives 2349),
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Pige 19
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Spectrum of PTC -aspa:cagine ‘
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Method ii), The PTC compound was fhrmed as in i),
Formetion of PTH compound, |

PIC asparagine (0.5 gn) vas dismlved in 45 al of trifluorcacetic
aid (BDH) mnd left st room temperature for 4 hr, The solution wae
evaporsted to drymess leaving a pele yellow aolid residue which was
dissolved in s small volume of 505 ethanol and allowed to crystallise
at 4°,  The material was recrystallized twice from 50% ethanol to give
s substence with melting peint 233-236°, The ultraviolet spectrun was
recorded on & Unicam SP 700 and is shown in fig. 20,
Pre on of the PTH opeptide

The method used was tlst of Konigsberg snd Eill (1962).
¥-otlylmorpholine buffer - Ne-sthylmerpholine 12,0 mlj acetic noid 0,3 mlp
955 ethanol 100 mly water 77.7 ml. | .

Glyeopeptide (18.2 mg) premred by method I and decarbobenzoxylated .
by catalytio hydrogenation wes diseclved in 2,0 ml of Neethylmorpholine
buffers FPhenylisothiocyanate (0.02 m=1) was added mnd the solution
incubated at 32° for 3 hr. The solution wae them teken almewt to dryness
on & rotary evaporator (40-50°) and the yellowish oil that remained was extracted
twice with benzens., Any remsining volatile material was removed under
high vacwun at 60° -fm‘ 5 ain, The residue was dissolved 4n 2,0 ml of
trifluorcacetic moid and left et 22° for 1 hr. The triflucroscetic acid
was Yemoved by evaporetionant the residue was loft in s vacuun dessie-
oator over caleium shloride and sodium hydroxide flakes,

A dry flaky substmoe was obtained shich dissolved completely snd
easily in 0,01 =zl of water snd was precipitated by the addition of
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ethanol to 20-90%. The precipitate was separated by centrifugstion at
1500 rev./min for 5 min, the slecoholic supernatant removed and evapo-
rated to drynens,

Paper chromatozmphy of products,
Descending chromatography was parformed on ¥hatman's No 1 peper

which for the first chrozatogram wis prepared by spraying with 0.5%
astarch sclution and drying inairs For the second chromstogram the
paper wes not mretreated but the stayeh was incorporated in the
detecting rveagent, The PTE-zlyecopeptide (1.01 mg) was dissolved in
Gel ml of water md mML wore applied to the paﬁor.

The materinl lefi after evaparation of the slooholie supermatant
vas diem lved in three drops «f cthanol md IO/W/ were applicd to the
papare

Pri-asparagine, I“PB%W ad.d and PlH«]loucine were used as marker
subsianoes, |

The so went system wes mixture C of Fraenkel-Conrat et al (1955)
composed of heptane-nebutanol - fémic atid in the proportions 40120140,
Papers were equilibrated Qvurntght in a chromatographic tank ecntaining
the solvent and for two houre prior to the experimsntal run the sclvent
wee allowed to run dow: a blank shest of YVhatmn's o 1 papers

The chromatogram took 12 hr to develop after which it m‘ dried in
an oven at 40%, ,,

The PTH compounds were detected % epraying with sn fcdine-sodiua
sside resgent (Smith, 19603 made by mixing 1 volume of a solution of
iodine (2,54 on) end potassium iodide (8,0 gn) mede up to 100 ml with
wvater and évolumea of a solution of sodium avide (1.5 gu) made up to
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100 m) with water, If the paper was not pretreated with starch the
modium azide was made up to 0.5% in starch.

Hydmlyais of the PTH-glycopentida.

Approzimstely § no of PTH-zlyoopeptide was dissolved in 1.0 ml of
2§ HCL (made by dilution from oenstant boiling HC1) and heated ina
b;ili.ng wmater bath for 235 hre The hydrochloric acid was removed by
evaporation to leave a slightly charred residus.

This was diesolved in 0,25 ml of ethenol (lesaving a emell smount
of insoluble mterisl ) and 56/4/\/1 was epotted on untreated pmer.

PIH-nsparagine, PlH-aspartic aosd, PT-leucine snd unhydrolysed
PIBeglycoreptide were run as msrkers. The PTH compounds were deteoted
by the ifodine-sodium veagent as described sbove.

The hydrosylate and markers were 8lso run in the solvent system
pyridine;N« heptens in the proportions 30470 (Fraenkel-Conrat et sl,
1955)¢ The patterns obtained srs ghown iu figs. 21 mmd 22,
Ultreviclet speotrun of the PTHw-ziycoveptide.

PiH-glycopeptide (2.3) mg) wea dissslved in water and made up to
5.0 ml, Two portions, on of 1.0 ml end the other of 0.5 _ml were anti-
mated for mamose hy the orcincl-sulphuric acid method as deseridbed
previotely. The results of the estimation:zare shown in fig. 23 and
table 19 |

045 nl of the m-nglyuopoptida solution was diluted to 2.5 al and
the ultraviolet spectrum recorded with the Unlcam 3P T00. Fig. 24

RESULTS AND DISCUSSION

The method of preparing PTH compounds was acen to be patisefastary
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Paper‘cﬁromatography of PTH-glycopeptide in .

heptane~N-butanol~formic aoid

1. PTH-aspartic acid'2. PﬁH-asparagine 3.PTH=-glycopeptide

4. ethanol supernatant 5. PTH-leucine
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Fig. 22
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Paper chromatogrsephy of hydrolysed P’I’H-g;lycopeptide in
heptane - N-butanol - formic acid
1. PTH-leucine 2. PTH-assparagine 3. hydrolysed L_PTH-"‘V(

glycopeptide 4. PTH-aspartic acid 5. PTH-glycopepfide



Table 19

Hannose estimation of PTH-glycopeptide

rny | o oo
Blank 0,023

‘100 /‘gm nmannoss | 0,253 0,230

200 pgm ™ 0,494 0.471

300 pgm " 04780 0,757

400 pgm  ® 1,10 1.08

500 pgm " 1.46 144

0.5 ml glyce. 0,256 0.213

1.0 ml glyso. 04474 0,451

Conoentration of glycopeptide = 0.46 mg/ml
Table 20
Reagtion of PTH-amino acids with ag;ecus pyridine

Aming acid Reaction Anino soid  Reaction

 Alanine - Leucine -
Valine - Threonine -
Hethionine - Arginine -
Proline - - Asp. acid -
Cysteine - Lysine | we weak
Glycine - Phenylalanine| v.v. weak
Glutamic acid - Histidine +

- Sexine - Asparagine +4
Isoleucine - Tyrosine +
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. by the ultraviolet speetrua of PTH-asparagine which shored a maximum
at 264 » ﬁm: no indieation of any PTC compound,

Since tre products from the reaction of the glyocopeptide with
phenylisothiooyanate were resdily ond completely soluble in & very
emmll volume of water it seemad unlikely that eny clenvaze of the
ccrbohydrate-napartio acid bmd bad oconrred as the PlH-aninoe acide arve
ratber eparingly soluble in water. The apraérently complete precipie
tation at 80-00% sthmol ctrencthens this interpretation,

The results of paper ehrmtbmby were quite uvnequivocal since
nsither the ameotd:solution of the precipitate nor the gthanolie supere
natant contained any detectable frec Pil-asprrtic scid or indeed any PTH
compownd mving from tte origin. Towever in il case of the aqueous
solution & strongly reacting pgbtiwsc present at the orizin and in the

case of the alooholic supernatant only a weakly positive spot was
observed in the sane place,

The ultraviolet g ectrum of the agueous and alcoholic fractions gave
further confirmall on, showing a compound with a miximum at 267 B
ard o mininum at 242 %m’tho foraer fraction and virtually no absorbing
paterial intle latter, ¥oreover there was no trace of any remaining

FIC compouriGe
On the basis of mennose estimst ions, and assuming the presence
of 5 residues of manwoe pr mole of glycopeptide, the PrHeglycopeptide
bad & molar extinction of 14600, & value which is within ihe expected range.
The atove observations strongly suggested that hydantoin formation
had not resulted in the release of any PlHeaspartic acid,
This wes furthor confirmed by the resulis of acid hydrolysis of
the PTHeglycopeptide. Clhromatography in the two solvent systems



mentioned showed the presermce of a PTH compound with the same mobility
as PMHegepartic acid. The pyridine-heptane system caused considerable
trailing and wes thus rather unmtlefactory but even 8o the resulis were
consistent with the presence of PlH-gspartic acid,

This experiment gives cmclusive evidence of ap ~agpertyd ildBage
between the carbohydrate end protein im ovalbumin. The more precise
identification of a substituted asparagine as suggested by Johansen et al,
(1961) and Nuenke and Cunningham (1961) is indicated by a chance finding
during a search for a solvent that might be usefyrl for chromatography
of the PTH-glycopertide.

One of the mlvent systems investigated was the mixture ethyl
acetate - pyridine - water -acetone in the proportions 10:5:10s2 (Malpress
and Hytten, 1958), Ethyl acetate was mdded untll the mixture separated
in’p‘p two phases, the upper having sp. cre 0.951-0,953. The lowsr layer
wie discarded and the upper layer equilibrated wiih an equal volume of water.

The layers were separated end PTH-glycopeptide (0.5 mg) added to 5.0 ml,
of the lover phase, It was intended to investigate the distribution of
the PTH-glycopeptide between upper mnd lower phases by examination of
the ultraviolet spectrum of each layer but after & few minutes it was
observed that tre solution of PTH-glycopeptide began to devdop a distinct
yellow colour, Examination of the spectrum showed & ourve guite different
from that usually seen in PTH compounds.

The experiment was repeated using PTE-asparagine and s similar
yellow colour was found to develop in a few minutes, Investigation
of each of tle compments of the solvent system indicated that aqueous

pyridine was responsible for the reaction., A solution of PTH-asparagine
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and PiH«glycopeptide was spotted on filter paper, dried in air and
dipped in agqueocus pyridine. An intense yellow spot developed in a
fow ninutes.

Seventeen other amino scids were spot tested in the sane way (table
£ 20) and only PiH-asparagine, Pili-tyrosine and PTH- histidine were
found to give a positive resction. PTHe- aspartic moid was negative,
The neture of the reaction is not known tut the sinilarity betwsen
PlH-acparagine end PTH-glycopeplide is remarkable. An analogous
pattern ie shown by the remction of nimhydrin (15 in scetone +
trace of pyridine) with the glycopeptide and aspsragine when spotted
on paper (Fletchey et &1, 1963 a). These two substances give a
brown colour instead of the ucual blue or purple given by most
other amine seide and peptidec,

Thie ourlous rosction of PTE-asparagine should also be borme
in nind when using solvent systems containing pyridine for the
separation of anino aclde as thair PTH derivatives,
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It wvould gppeny $hat the linkagea detwamn oarvokydrabe and protein
in the glyeoproteins are predominantly of two Himoa, 1) Umeslrcosidio
linkages vith serine and timeonine aud 1i) Heglyoosidic liakagos with
asportic acide  Theve is aleo a poosililiiy that dn some glyooproising
thare nre glycoaidio esber Jluknmes wilh ihe Wecarhoxyl . roups of
aspactio and glutanie seids, wecenlly Butler and Cuwmingham (1965),
have dsolalod o plyeopeptide from collazeu bhat contalng hydroxylyazine,
m&ﬁnu 2y Niotidine, plyeine, glutamic ncid, l'ysine:'and mathicaine
none of which are geserally duplicated in carbohyd-sta-~-rrotsin linkagess
Ono poseibility would seem to be a Yhnkege with “ha O ~hwdroxy sroun of
hydroxylysine but there ds, a8 yet, no evidence to sunport this,
Averbher posalbility 1s en T-slyccsidic link wlith the Inidazole grouy
of hiplidine, tut ggain there is oo exporicenisl cvidences |

it do with the Heslysosidie liacknos o aspasiis aoid that the
pragent atudy has hoon concerned boet a Lolal gdevey of the siate of
xnovliedss of woth types will put the problex into persvactive.

Egteblishment of the Jezlycezidio amture of the carbohyliratew
photein Lond in some glycoproteina comes uaipnly from werk on ovine
sutmaxlllary dend (03H) end Yovine sutzarillary slend (ISH) slycoproteina,
Fowever the first evidence was prosents2d by Teuzita anc Akstori (1959)
whe pronaved & rlveopmidide from en (b-amylasc of levorsiliug orymas,

which was none-reducing and conteined merine ms the only amino soid,
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In the case of 0SM, Gottachalk and Creham (1955) hed ghown that

the oarbohydrate was present as s large number of disaccharide units
of the structure sialyl-(2-76)-Neacetylglucossmins. Phgmn (1963)

snd Hashimoto, Teuiki, Nisisawa and Pigman (1963) prepared o glyco-
paptide from this scurce contalning serine snd threonine in amountis
of 0,56 and 0,58 moles respectively psr mole of haterosaccharide unis
and only traces of aspartic and gflutanic acids,

By sinilay mothods Blix (1963) has preparsd glycopeptides from
034 in which at least some of the esrbohydrate aust be linked to
serine and threonine althoush it is possible that sose might be linked
to glutemic acid, These conclusions were in contrast to the belief then
held by Gottschalk and his collesgues (Crabam, Hurphy and Cottsohalk,
1963) that 4n 0S4 the linkage was rredominsntly of the glycosidie eater
typee 1In fact in later work (Bhavansndan, Fuddecke, Cerubelli and
Gottsohalk, 1564) Gotischalk has established beyond doubt that at least
balf of the linkazes are O«glycosidic involving serine of threonine,
The dissgresment on the nature of this linkace arose beoause the
alkeline lability of the bond waec interpreted as an indicetion of its
being an ester. Howevar the p ~glinination resstion charscteristio of
gerine snd threonine that have subatituents abolishing the charge on
the aminoe and carboxyl groups sdequately explains the ease with which
a substituent on the hydroxyl group is removed by mildly alksline
conditions, The result of this reaction on u serine or thresonine
residue in peptide linkage and involved in & glycosidic bond through
its hydroxyl group would be the formation of the unssturated c<aminoe
acrylic and X-aminocrotonic ascids respectively.
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Byavméan et al (1964) have followed this reaction bty measuring
the loss of serine and tnmpnine'reeidues ard concomitant relemse of
Keacetylglucosanine, under alkaline conditions.

Evidence for the ester type of linkage was also ovtained from
the pxﬁducfd of weduction by lithium borohydride, a reagent with
redﬁceu estors to the corresponding aloohols but is olaimed not to
react pignificantly with amides except under severe gonditions.

However sblnbiiity problems necessitated conditions of grester severity
than would have been desired, Identification of homoserine mnd
§=hydroxynorvaline was interpreted as evidenoe of ester linkages with
the w~carboxyl groups of aspartic and glutamic acids respectively.

The Neglycosidic or glycosylamine linkage was first proposed
by Johansen, Marsiall snd Neuberger. (1961), althouzh Neuberger (1938)
meny years esrlier mispected that the unidentified nitrogencus cone
ponent he detected in ovaliumin was somehow involved, The basis of this
bolief was the demcnstration of the release of one mole of smmonia per
mole of glycopeptide on mild acid hydrolysis., Working independantly
Nuenke end Cunningham (1961) and later Lee and Hontgomery (1962) and
Yemashina and tskino (1962) confirmed these findings but the latter
group proposed an iminosther type of linkage in which the oxygen of |
the amlde group of-mepsdagine is directly linked to the reduocing carbon
of 8 sugar ré#i&us.

Using & fragment from the ovalbumin glycopeptide contadning only
Bepoetylglucosanine, sspartic acid and "excessive nitrogen" which was

isolated by partial soid hydrolyeis (2 § B,50, st 100° for 20 min)
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Bogﬁﬁnov, Kaverzneva and Andrejeva,(1962) also came to the conclurion
that the most mo‘bably structure was a Neglycosidic linkage.

Pro#f of this structure was brought nearer when Harks, Narshall
an& Feuberger (1963) synthesised 2-acetamifo-l-(l.-pe-aspartanido)-l,
zdidmxyp;n-glucosa, the model compound of the ;roma linknge,
Comparison of a partial acid hydrolysate of this compound with a similay
partinl acid hydrolysate of the glycopeptide (Fletcher, Marshall and
Neubergsr, ‘1963;‘!:) by paper electrophorssis produce a"fingerprintr
glving convincing evidence in fwour‘or this type of bond, Furthermore,
similar treatment of 2«(Le-s-aspartanido)e2-deoxy-D-glucose, the model
compound of the structure propoesed by Rosevear and Saith (1958) gave
en entirvely differonce "fingerprint® {rom the glycopeptide,

i.ﬁ. link=ge involving aspartic acid in glycopepiides from human
¥=gloiulin was also indicated by the work of Rosevear smd Smith (1958)
who sugrested that the bond wus elther that of an.e-amide or an eater,
later Rothfus (1961) working in the same laboratory with tho same
protein mg@asud that the linkage was between the -carboxyl group
of aspartic acid and the amino group of glucosamine., lolan and Smith
(1962 a and b) proposed & similer linksgo in rabbit Yeglobulin and a
‘Suglohul:m from bovine coloatrunm.

Evidence for the linkage itwolving éha pwboxyl group of aspartic
a0id was bhased upom its resistance to papain and leucineminopeéti&mo
(Rosevear snd Smith, 1961). A similar structure linking aspartic acid
to the smino group of glucosamine hne been proposed for the glycte
peptides from a mumber of glycoproteins by licheel, Ostman and Pielmeir
(1963) .
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¥ingler md Inoyue (1961) desoribed the preparation of a glycoe
peptide from o =acid glyooprotein im vhich they propozed a linkage
between the amino group of glucosanine and the Y=carboxyl group of
glutanic 3#01&.

Furthex studies by & number of groups working independently
(vamashina, Fan-l and Makino,{19633 Teukamoto, Yamamoto nond Miyashits,
1864 and Bogdanov, Kaversneva and Andreyove, 1964, and Marshall and
Neuberger, 1964) have achieved the crystallisetion of the N-acetyle
glucosamine-aspartic acid fragment enablins more precise comparisons
to be made with the synthetic mofel compound (AADG), Eoth compounds
have qimilar nelting points, they have the same optical properties
([{5 w + 18,6 = 24,0 fio mutarotation), they were btoth non.reducing end
both yelded cne mole of smmonis on acid hydrolysis. Elemcntary
ana]y&is and infrared spectra were also in ngreement slghough the
lstter inventigetion did not distinguish the proposed structure from
2—1»-9—&npartm:idnd-ﬁaoxw%glucosa. The results of chrounatography
and electrophoresis under n varioty of conditions showed the two
aestédedils to be indistinguishadble, It seems thersfore that the nature
of the linksge in ovalbumin is well establiched. The only posaibvility
that has not heen investigated is the situation in which the secetanido
and the asspartamids groups are transposed, however, by analogy with
other naturslly occurring products this éoes not seem to te a likely
structure. The imino-ether snd aspartyl-glucosamine structures ere
definitely excluded vy these experiments,

Although $he evidence in favour of the N-scylglycosylauine type
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ﬁf iinkage is overwhelnming there has as yet been no direct chemical
demonstration that unequivocally locates the nitrogen atom of the

resdily released ammonis. Thus, there has been no identification

of & glycosylamine or aspuragine in any of the degradation produote
however they were prepared,

A mesns of stabilising onme or other of the bonds by which this
molecule of azmonia is held in the compound ' is needed so that sube
seqent hydrolysis would yield a compound %o which the nitrogen was
still bounds I the proposed structure is ascumed to be correst then
the bond concerned is essentizlly & substituted amide and stebilization
wanld be achieved 4f it were reduced to a secondary amine, Experiments
deseribed in the following pages were designed to obtain & modified
glycopa tide of this form by reduction with lithium aluminium hydride.
BEPUCTIONE WITH COMPLEX METAL HYDRIDES

The history of the use of thie group of compounds for the reduction
of orzenic substances begins with the paper of Finholt; Bond and
Schlesinger in 1647 in which they desorided the preparation of lithium
aluninium hydride (LAH) eand gave deteils of & number of its chemical
and physical properties., A comsiderable mumber of other complex metal
hydrides have teen synthesised of which those finding most common use
in organic chemistry have beon lithium borohydride sud sodiuwm dorohydride
(Schlesinger et al, 1953 and Schlesinger and hrown, 1940). The reduce
ing power of these three agents diifers consideratly, LAD leing quite
clearly the wost powerful and sodium torohydride the least powerful,

Table 21 showe some of the groups that are reduced by each of

the reagents,.
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Table 21

Functional groups reduced by lithivm sluminiuam

Punctional group

Ketone
Ester
Carboxylic acid
Anide -colmz

Amide «CONHR

Amide «oomz

hydride
Wt Moles LAH required

Primary sloohol 0e25
Ssoondary sleohol ) 0.25

Primary alechol 0.5
Primary u;eohol 0.75

Primary saine 1.0
Secondaxy amine 6.’5

Tertiaxy mine 0.5
Aldehyde 0425

from Brown (1962)



Gince the rriwery aim of the pressnt sxpoeriments is to reduce an
amide bond it iz clear that only 1AH will suffice,

The lesser reducing power of lithiua borohydride has bueen shown
to be of iimiﬁed uge in the deterainatlon of the Ceturminal smino scid
in métiéeo and proteins by converting the {ree carboxyl group, after
euwrifiﬁuﬁbg, to an aleoholic group and then isolating the resulting
anino alebbll. (ﬁhﬂmﬂl and heos, 1950j. However sowe workers have
shmn thet 1ithium mehy&riae is not entirely specific and that some
of ti:_e paptide :m are cleaved and others are redueed to seoondary
aminess This obtmervation bas been confirmed in the present studies
turing the synthesis of 2,4~dianinobutane=lwol.

Zeghanien of the reduotion of smides to amines by LAiH.

It has been propoced (Wicovic and Hihsilovie, 19533 Ilousseron,
Jecquier, ousseron-Canet ané Zagdoun, 1952) that the resotion involves
the atiack of a positive miz* 1on on two molecules of the amide,
¥ielding a complex sluminium ion on whioh hydrolyeis forma the correse
ponding anine, Fowever, in certsin circumstances, ss for instance when

there ie steric bindrence, the sotion of LAH upon anides sives aldehydos
or alcohols and the amine compoment, and these reastions would seen to
demand a 4ilferent mzechaniss, _

o oversoue this difficulty Uaylord (1954 and 1950) has suggented
that the sttack ic by the aluminohydrids ion m;‘ in Wtk cases,
so explaining the formation of three different produsts by & single
mechanism.s The sluminohydride ion is believed to exist in other
solution in equilibrium with aluwninium bydride and the hydride ion
(Paidook, 1951}, and it ie postulated tha: the latter io involved
in an attack upon the carbonyl cerbon atom as shown in fig. 25
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‘leading to cleavage of the carbon-oxygen bond and formationm of the
anine, |

It is pertinent to consider the action of LAH on N-formylemines
gince it probably helps to explain the redustiom products of g-‘een:yioxy-
carbonyl derivatives which are to be discussed later, X-formyl
derivatives have been prepared by Blicke and Chi-Jung Lu (1953) by
the action of chloral on & number of emines and they reduced them with
IAH to give Nemsthyl compounds aceording to the reaotiont-

R «NH = 10,1 M p - NH.CH,

 The reduotions were accomplished by vefluming for & hr in ether with
sguinoler quantities of LAH.

In the case of N-scetyl compounds it has been shown that an
snalogous reastion takes place, an example of which is the reduction
of H-acetyl tryptanmine (Eiter and Svierak, 1952) to E-othyil trypt=
nmm by the use of LAH in ether,.

soted ucta of the reduction of the glycopeptide with LAH,

A knowledge of the reducing properties of LAH as extensively
discussed by Gaylord (1956) suggest thep probable products of the reduce
tion of the glycopeptide would be an gnthylglucoamng residue from each
of the Neaoetylglucossmine residues and 2,4-diaminobutane-l-ol from
the asparagine resicdue, The five mammose residues are all in glycoe
sidioc lin_kage and s would not be expeoted to undergo any alterations

For the purpose of the present thesis only 2,4-diaminchutgnesl-ol
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‘conaidered sime the identification of this substance would be suffi=
cientt %o indicate the H-glycosidic neture of the linkage.

A thoraizh seach of the litereture has failed to uncover eny
reference to this compound. It was therefcare necessary to devise &
method for its aynthesis.

The method chosen wes the reduction by LA of Rebenszyloxyoarbonyl
poparagine. It wac hoped that the Nebenwmyloxycarbonyl sroup would
be cleaved fran the asparagine, s it is by catalytis hydrogenationm,
the cartoxyl sroup would be reduscd to & primery aloohol and the amide
group would be reduced to & primary amine, The product should be
readily identifiadle by electrophoresis at a pH at which toth amino
groups ore charged. It wane proposed to garry out the reduction in
tetrahydrofuran, the tenwyloxycarbonyl group msking the asparsgine
sufficiently soluble to permit the reaction to proceed at a reasonable
rate,

it has been shown by Hystrom and Erown (1947) that the LAH reducw
tion of carboxylic acids proceeds without giffielty sccording to the

reactionge
4 R-COOH#.SALIALE, —  (R=CH,0H) 4Ll + 2 LiAlO, + 4 B,

The enmino acide have @lso been shown to give the corresponding
amino alcohols without gifficulty but with the notsble exception of
glycine which falls to give ethanolamine as expected (Vogl and Pohm,
1952) when using 5% LAF in tetrahydrofuran.

An interesting reaction ocours in the case bf succinanic acid and



some of ite derivatives, The soid itcelf ylelds 4-amino-lebutanocl
(B&rryw Twomsy, 19%1) tut the reduction of 2-dodecylsuccinanic acid
ie accompayied by ring closure to yield 3-dodecylpyrrolidine, and a simi-
ler reaction occurs with 2-dodecyle-S-methylsucoinamic seoid (Berry et
aly 1950)s Similarly Earrer and Portmen (1946) have shown that LaAH
reduction of dietlylglutamate leads to the expected produst 2-aminoe
1,5~pentanediol bpt also gives by & clde resction 2-hydroxymetkylpyrroe
lidines, However acetylation of the amino group and reduction with
lithiws borohydride (Grassman, Hornann and Endres, 1955) gives the
straight clain product in high yield on subsequent removel of the
8cetyl groups | “

It was therefore moeseary 0 consider the poesibilitvy that a
s:lmihr cyclisation might ocour in the preparation of 2,4«dimainoe
butaneeleols '

Horeover the reaciion of LAH on bensyloxyearonmyl groups was not
fully approciated at the begimning of this investigation but it was
goon apparent that the reduction products were different from those
obtained by catalytic hydrogenation. Fig. 26 shows & mmber of
theoreticslly poesible mthways and {heir respsotive proiucis.

Host coumonly the products of reduction of carbamates by LAH
are N-nethylawines, thus the reduction of ethyl-H-phenyl caibaunate
gives H-methylaniline (Csylord, 1955) mnd the reduction of Neoarbo-
methoxyearcosine gives dimeihylaminocthanol (Wessely and Swobods,
1651}, In a study of the reduction of the bensyloxycartonyl sroup
in various peptides and amino avids Karrer and Nicolaus (1952) have -
reported the preparation of Remethyl derivetives.
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Thug the reduction of N.bensyloxycarbonylglycine ethyl ester ylelds
benzyl alcohol and N~-methylethanolamine and the reduetion of Nebengyle
oxycarbonylglycyl-L-ducire ethyl ester gave the corresponding fully
reduced derivative. 4

Harever a different type of resction has been reported by Jolles
and Fromageot (1951) who have reduced the c-benmyl ester Gr-ethyl carbobensoxy=
DL-aapartyl-p—glycinate and found the products to be ¢He dipeptide diol,
benzyl alcohol, ethanol, toluene and carbon dioxide.

It is proposed to disouss the experimental procedures and results
involfed in the reduction of g—benzyloxyvcaxfbonyl asparagine at this
stage and to continue the discwssion laer,

EXPIR JHENTAL
Preparaiion of B-bensyloxycarbonyl asparagine.

A modification of the method of Bergman and Zervas (1932) was ’used,
the preparation being repested several times with minor variations,

L-asparagine (6.65 gny 0.05 moles) obtained from BDH was
dissolved in distilled water (125 ml) with gentle waming., Whilst
s8till werm sodiwm bicarbonate (310.5 gms 04,125 moles) was added.

The mixture was stmken with & mechanical shaker and bengyloxy~
carbonyl chloride (9.5 ml; 0.055 moles) was added in four approxi-
mately equal portions over a period of 30 min. Shaking was continued
for 2 hr. The reaction mixture was extracted twice with 10-15 ml of
ether and tte clear ageous solution go obtained was acidified to pH
1.6 ‘by the dropwise addition of concentrated HCl, A thick white

precipitate formed which was collected by filtration and allowed to
dry in eir for 12 - 24 hr, The product had a melting point of 158°.
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recryetallisation was achieved from hot methsnol, 11.P,162-163°

(wmocorr. ); Bergman and Zerves give 165°%(corr.) Yield 8.26 amy 62%

Reduction of N-bensyloxycarbonyl ssparagine by lithivm sluminium
hydride (Law),

LAE (6.1 gn) was added slowly over 20-30 min to tetrshydrofuren
(150 m1). The tetrahydrofuran (THF) was prepared by shaking 1 litre
with stannous chloride (10.0 ga) and lesving to stand at room teupe
erature for 2 hr. After this period the potassium iodide test for pere
oxides was negative, The 7HF was then distilled, the freetion boiling
between 65 and 66° being collectsd, The distillate was left standing
over sodium hydroxide flakes for 24«48 hr. The distillation was repested
and the distillate refluxed over scdium wire for 6 hr, The THF was
redistilled and stored over sodium wire in & dark bottle.

During the addition of the LAH to the THF & considerable amount
of heat was evolved #o a reflux condenser was fitted to avoid excessive
evaporation,

¥hen the mixture had cooled Nebenszyloxycarbonyl asparagine (7.2 gm)
was added in small portions over 20«30 min, Avigorous remction sterted
with the svolution of much heat. The mixiure was refluxsd for approxe-
imstely 186 br.

Excess LAH was destroyed by the csutious addition of 50550 THR.water
until ell resction had cesced with the forsstion of a hulky white preci-
pitate, "he mixture was filiered and the precipitate was sxirsoted
by refluxing with 50 ml of THF for 30 min, The filirates wers combined

and evaporated to dryness at 50° yielding Se6 ml of & pale ysllow oil.
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Tatillstion under hizh vaouun gove s clzar celourless oil thet could
te collected in twofwmctions, the first dletilling at 65° aud the
accond at o townerature atove ‘2‘6 s In woet oxsorimen zv the distilliaste
w2z celleoted es & gingle fractiom.

Preparation of Z2esminobutnno.],i-Tiol.

This wmaa ackhieved by the LAY reduction of the dioshrl ester of
aspartic acid ond the product wes charmoterisod as the erpntelline owalate
according 3o the nothad of Rerrer, Portusn md Suter {1948},

Px'ﬁgmm‘bmn ol the diath;,:l cogter of I-=annartic acid,

The asetiod used mas o modification of that of Newssn cud Smith {1951).
L—éspmrt:%c acid (8.0 gm) wan suapeded in etbancl (60 ml) and dry hrdro-
ohlorie ndis.é ragsed sz i bre  The renction nixture was lelt ctending
e% :f:wz Lo rwratum for l hr and was tien gwapordséd to dryncas. The
reaidue was mﬁiasalvaﬁ in ethanol and the solution again ~varorated to
drimesss  This was rapeated mevoral tiues until no MC) remalnod. The
vm:h:.e pz:yatealuné product wap r&crgatal}.iaed from sethanol-etheyr in the
pmportium 20380 to give & pubatsnes with M7 ..(}9-118 “(Newsan and Smith
{,e:’.i.w 1&9-116"}, Yield 96%  The pmzmmtim was rupeatad an abova.

Reduction of diethvl ester of T ~aspartic acide

Mmtia 20id diethyl aster (7.55) was par?iall:; dissolved in 125 ml
of &,z*y ether and Ieft o o0 tesperatwre for 18 Yre  Excene LAY wes
degtroyed by the cavtious dropwise nddition of 12,0 ml of water ard the
ingoluble recidue was removed by filiretion. The filsrats was ovaporated
to dryness and t‘ha oily veeidus Ciseslved 4n 20,0 ml of methancls A wesk
solution of oxelie acid in methanol was a’ded to preoipitate lithlum
oxnlate which was removed by filtrations The filtrate was evaporated to
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drynoss to give an oilr residue which was distilled undezr high vacuum,
A cleor, mle yollow oil was collsesed vetwesn 12(7-;1260.

The oil (382.4 ug) was disaolved in ethanol (2.0 ml) and oxalic
acid (220 ng) was addeds A guomy, insoluble whitish subsisnce was
produced which becene cryetalline on standing for 3-4 hr at 4%, Fecrys-

‘tellisntion was achieved from hotmthanol to give a substspce with HM.P.

105°
Purification and characterination of ithe reduction gro&uutw.
Elsctrophoresis

Eleotrophoresis was performed in formic acetic buffer (formic acid 70 mlg
acetic acid 15 ml mnde up to 2,500 3l with nter} ¥ 1.9) on Fhataan's
B paper for 0,75 hr at 1000 volts. Lessparagine snd 2-amino butam-l,ai—
Diol were run as markers, Staining by the ninhydrin metlod {17 ninhydrin
in scetcne containiry traces of prridine) indiested threc positive spots,
The major one of these stained purple and had a mobility ecorresponding
to two pesitive ohargos relative to Zeguinotutanes1,4-Piol, Of the
ninor corponents one hed slizhtly greater mobility than the major and
gtoined crev~brorn snd the other hed a mobility corresponding with a
eirple positive shavge and etsined purple. There wes #lso a fourth AN
very minor conponent, staidng blu. ané running with slightly greater
motility than asparagine, Tig. 27
Eltraviolet spectrum,

The vltraviclet spectrum of esch of the distillation frastions was
vecorded with the TUnicsm 5P 700, Both fractions showed tle prescme of
the bengene ring, the first cntainirg relatively more then the second.Fiz. 28

Chromatosraphy on Dowex=50.
& colum 2.5 x 55 ca of Dowex-50 x 8 200-400 in 1* form was set up
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Fig. 27
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and 5 =l of ¢istillate in 5 ml of water allowed Yo rum in. Elution was
started irit‘n diatilled water, 1C ml frections being colleciné until
700 ml bad& rup throushe Ulutlon was then chaged to an kOl gradient
beinz obtained oy setting up two intercomnecting bottlea, one of which
contelned 1 litre of 1 ¥ II¥1 and the other 1 litre of 3 X ICl, the hottle
containing the weaker 5:1uti0n being connected to the co;umz. The
gragient was followed by elntion whith 3 J 1C1,

vortions from aliernate tubes a?.~68~were assayed by isking readings
at 262 By the wave length at which the tenuzene ring would e expected
to absord. The effluent fron the FOl gradient was acssyed firal 1y
spot testing elternein tubes én {iltor peper with the nirkydrin roajzent
& szeondly by telking portiens from the relevant tubes and estluating
tham by the ninhyérin method (Moore and Stein, 1948) as dssoribed on
age 15

“he elution curve ghoved & smll pesk between tules 130 and 146
and a lerge peak botween tubes 190 and 2i6, Elution with 3 X 'EIC‘I showed
8 third pealc between tubes 240 snd 241 giving e Yrown colour ‘;';.th ninhydrine
The three pesis wore named I, II and III respectilgly and clecirophoresis
ghowed that TFI corresponded to the gsoupanent possessic: onu positive charge,
Fil corresponded to the oomponent resoting vlue with ninhydrin and possesss
ing two positdve charges and FIII corresponded o the souponont pocsessing
two positive charges ad repeting grey-brown with. ninhydrin. Fig. 29. Table 22

Charsoterisal ion of e foections elutad. Iron Dowex-S0

1) oxiewtion vith pormangcensbe

The fracticns eluted with water {rom Dowex-5C ware poocled and extroge
ted three tives with 200 nl of ethers The ether extraci was taken to



107

Table 22
Prectionation of reduction producis of bensylw

oxyoarbonyl ssparagine on Dowex-50

Tabe mumber 3262 _— Tube mumber Bogo ”
& 0. 208 38 Tel2
é in?@ 49 26,2
& 0230 42 25.68
10 © Gedd0 F:7. 23,68
12 0,134 46 18.96
01352 48 11.52
16 O.d28 50 12,20
18 0s112 52 . 10.30
25 Oa254 54 T+00
22 0.244 56 6460
24 0246 568 546
26 0e254 60 460
<8 Del26 62 350
30 o212 64 3.0
32 02086 66 2e¢d
34 04194 68 2.2
36 04226
E'j?o m Esm w)
130 0.102 198 5416
132 Cell4 200 384
134 0e149 . 202 4034
136 0179 204 ~ 239
138 04117 206 2.04
140 0.054 208 1,52
142 0.045 ' a0 090
144 0.039 212 054
190 011 214 Ge54
192 0,11 : 216 0
194 3446 218 )
196 4.88
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drynese on 8 rotary evaporator to yield a colourless oil with a faintly
aromatic odour, Oxidation of this 01l was schisved by reaciion witha
hot solution of potassium permouganzte. A white precipliate formed on
adidification which was filtored and drisd in ailr. This subatance
sublimed betwwen 75° nund 90° to form rectmmzular sand rhomboldal orystals
that melted sharply at 115%thus idemtifying it as hemsola acid.
ii) Reaction of fraction eluted with water with phenylisooynnate

The oily product (1 m)) obtained from ths ether extract of the water
elusnt was mived with pheaylisooyanate (1.2 m1) and hwated for 10 min dn
a2 bolling water bath after which 1t was extracted twice wiﬂ; 5 al of
100/120 petroleun ether. Cryatals formed om Gooling which wors recryste-
allised from 100/120 petroleum ather to form colouriess neadlas with
1.0, 77°% the benzyl devivative hss L.P. 76° (o Elvain, 1953).
3i1) Resotion with p.nitrobenmsoyl chloride |

The oily product (1.0 ml) was mixed with p-nitrobensoyl chloride
(0.5 eu) and pyridine (1.0 ml) and hested in & water bath at 100° for
30 min. The mixture waz cooled and 10 ml of 5% sodium blosrbonate was
added, stirring was continuved whilst cooling in su jce bath until the
product was crystalline, The sudstance was rearystallised twice from
ethanol to give a product with M.P. 85° (MoElwmin gives 85° for bensyd
deyivative). Both the previcus two methods were those of Me@lwain (1953).

It is concluded from the sbove results that one of the reduction
producte is bensyl slochol.
Charactorisation of the fractions eluted with HC1

The three compomente reacting with ninhydrin (FI, II snd III)
wore isclated by pooling the relevant tubes and evaporating to dyymess.
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Attempin to orystallise as the hydrochloride weye wnsuccessful.
Format dinitro 1 derivati

The dinitrophenyl (DEP) derivatives were formed by reacting the
relevant compound with 2,4-dinitrofluorobensens in alkaline aquecus
solution. | | ,

Only the derdivatives of FII snd FIII were Iomé; FII was prepared
by distillstion from squeous slkaline solution as deseribed on page

The distillate {spproximstely 50 ml) was shaken with dinttrofluvoro-
benzene (0.4 ml) and sodium bicarbonate (0.5 gm) for 18 br at room
tmpﬁmhzro. an :;xtgm yellow oil was formsd, The squeous supernmatant
wag pipettsd off and the residue shaken for 30 m’ with 25«50 ml of
1 ¥ HaOH. A ysllow solid mﬁml formed on the sides of the vessel,
the supernstant was poured off and the residue extracted thm times
with dry ether. The substanc:c wes reorystallised from hot ethyl acetats
to give a product decomposing at 160°,

FIII was obtained by evaporsting to dryness the material in tubes
246-251 referred to above, The INP derivative was formed by the same
method that has been deseribed for Fil. The substance ua recryetallised
from hot ethanol to give a product with M.P. 184-185°.

The ultraviolet spectrum of FII in 50150 othanolfnm showed
tvo absorption maxime, one at 362 my and another at 404 mis The
molar absorption of the first was 26, 000 snd the sccond was 21,800,
if the solecular weight was taken to be 435.
The ultraviolet spectrum of FIII in 50:50 ethanol-water showed s single
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meximun at 386 Bl The moler absorption was 25,800 if thé moleculay
weight is taksn to be 418, The spectrs are shown in fig. %0,
Formation of the oxalates of FI, FII and FIII,

Dowex~1l was generated in the oxplate formm by suspending the reain
in saturated oxalic scid for 1 hr, deocsnting the supernmatant and resus~
poending the realn in fresh saturated oxslic scid for a further hour,

The resin wae washed repeatedly with distilled water until exeess oxalic
acid had been removed and then poured ss & slurry into a colums 2.2%28 cm

FI was applied in squeocus solution and the column was sluted with
waters. Fractions of 2 ml were gollescted and a aingle drop from sach
teatod with & drop of 105 caloium chloride solution. The tubes which
produced a precipitate by this test were pooled and evaporated io dryneas
A pummy semi crystalline material was formed which was taken up in &
gzmell volume of ethancl and orystallisation schieved by the addition of
éry ether and leaving st 4° overnight. The colourless feathery crystals
melted at 148-150°, The infrared spectrum is shown in fig. [()

A sindiler method was employed with FII dut the final product proved
Gifficult to oryoiallise. Thin was eventually achieved by discolving the
substence in a small volume of weter, adding ethanol until a elight ecloud.
iness appeared and leaving at 4°. Hepetition of this process gave &
pure white orystalline substence melting st 163° ane having ] p™ +7.9°
{0 %.67 in water)y elementery samlysis, founé C, 35.1%§ Hy 7.87
Ny 124164 O, 45439, The infrared spectrum ie chown in fige 10)

The oxalate of FIII was crysisliieed withont difficulty from
methanclewater to give & substance with .7, 155-157° and having
[4] ;@ =8.35 (0 0.96 in water)s elementary analysis, found C,37,913Hy5095;
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Fig. 30
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Ky 10025 O, 46412, The infrared cpectrum is shown in fig o)
Further obseryntions orn FI, I and 111,

Distillation of sn aquecus alkaline solution (After extraction with
ether) of a mixture of FI, II and III yielded an alkalire distillate
(pH C.64) that gave = porple colour with ninhydrin when spot tested on
filter veper. The substance recponsible for the ninhydrin ecolour had
the same electrophoretic mobility ma FII, and its oxslate formed iy the
neutralisation of the distillate with oxalic acid and crrstalliced from
mathanol-water had ¥.P, 162°. fThe elenorteyy annlysis was closely
piniler to the oxalete of PII {found, €, 35,133 B, 7.973 N, 11,163
Oy 45439)e It was conoluded that the cteam diztillato suistance was
FIL,

Oxidation of FII end FITY with potessium peormencanate,.

An sgueous solution of FII (as the hydrochloride) was titrated to
pH 12,05 with ¥ XaOH., Potassium psrﬁangmta (045 H) was added drop=
wise up to a t:tal of about 6 mls The potassium pormanganate was
decolourised and a dark browvn pracipitste of mangsnese dioxide was formed.
The mixture wvas left gtending overnizht and then filterad.

FIII and a commercisl sample of 2,4-diaminotutyric acid {LeLizht)
were trested similarly,.

Eleotrophorasis in formiceatetis bulfor (ses page 03 ) of oxidised
FII dbed four spote reacting #ith ninhyérin, i) having tho saae mobility
end colour as FIII, ii) bavin; the eame properties ss ¥II, 4ii) heving

alizhtly less motility that FIT and atatning a light blue colour and
iv) a meterisl with less mobility then 14i) and having a purple colour
with ninhydrin.
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Oxidised 2,4-dianinobutyric acid gave spois corresponding with
iii) end iv).

Zyd-~tlaminotutyric acid belfore oxidation pave a single spot not
corresponding with 1), ii), 1i4) or iv).

Oxidised FIII gave a single spot staining purple and having slightly

" less mobility than the starting materisl but not correcpending with any
of the spots mentioned avove,

The patterns obtained are shown in fig. 3l.

Titration of FII and FIII,

Electrometric titration of III and FIII was performod using a
lithiuvm glass elsctrode snd a Radiometer pi meter, Titration of bhoth
substances a3 the hydroechlorides or siphate was done in vater and in
the case of FII also in formaldehyde,

The titration of FIl was revested on several occasions, in one
case an unpurified sample was used that was known to contein small amounts
of FIIT (as judged by the staining of olestrophorstic strips). The
material was prepaved vis the formation of the phosphotungatates of the
crude products of reduction. The phosphotungstate was dissolved in
505 acetone in water and decomposed with barium hydroxide., The
insoluble barium phosphotungetate wes removed by filtrationy the |
supernatant which contained tha free diamine was neutralised with
sulphuric acid and evaporated to dryness,

The diemine sulpbate (7.12 mg) was dissolved in waler and titrated
with 0.1 ¥ NaOH and HC), If it is acsumed that the subatsnce is present
83 the 'mar:z sulphate then 7,12 mg is equal to about 34,4 prles.

Using the same material formaldehyde was added in olizht excess
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of two moles per cole of diamine, that is, one mole of formaldehyde
poy mole of aming groups

In another cnae 2z sammle of pure Fil of unknown gueniity was
obtained by distillation from alkaline squoocms gsalution and was titrated
with §_ HCl and N NHaOH.

The curve of the lattcr titration is shown in fig.32

FI11 (spproximately 50 mz) prepared by purification on & Lowax«50
colum was titratod with 1 X RC) and 2 ¥ KaOR.

The titration curve ic showmn in fig. 37
The resotion of FII and FII1 with acid and alkali,

Four experiments were porformed.
i) FII was refluxed for 2 hr in 28 HCl.
41) FII was refluxed for 2 hr in 2 N NaOl.
ii4) FIII was refluxed for 2 hr in 2 N ECl.
iv) FI1I was refluxed for 2 hr in 2 ¥ WalH.

then refluxing was compleote the remction mixture was cooled,
neutralised snd examined by electrophoresis in the formic/mcetic
buffer descrided previously. The patternc odbtained sre shown in fig. 34
The nitrozen content of FIT hydrochlorids,

PIX ¥C1l (10.045 gm) obtained by purification on Dowex«50 was
weighad on s miorobtalance and dried for 2 hr at 60° in veouo.
Beweighing showed & water content of Sedih

For nitrogen estimation FII HC1l {6.,42 mg) was dissolved in water
and mede vp to 2.0 ml. A micro«Kjeldhal method was used, the sulphuric
. meid digest being distilled fyom sodium bhydroxide into 45 boric aeid
containing bromoresol green and metkyl red as indicators. The ammonia
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Titration curve of FII
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Fig. 33
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Fig. 34

Behaviour of FII and FIII with acid and alkali. Electrophoresis in

formic/acetic buffer pH 1.9
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1. . FIII after acid treatment
2e FIIT after =2lkaline itreatment
3. -~ Fii after acid treatment

4. FII after acid itreatment
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8o released was titrated with N/70 sulphuric acid (1.0 ml » 0.2 mg N),
4~amino-? methylaminotutane«l-ol dihydroehloride requires 14.7% He
Ninhydrin estimation of FII ECl.

Ninhydrin estimations were performed .as described on paze
usinz a dilution of the same solution trat was used for the nitrogen esti-
mationas, The mean of iour estimations was used and a colour value
caloulated froz a glycine stand 8rd: curve, The values obiained and the

standard curve ave shown in fig. 36

RESULTS AND DISCUSIION

Haterial eluted with water.

In the experimental section it has already beecn stated that one of
the reduction products is benzyl alcohol, identified by the isolation
of bensoic soid after oxidation by pexmangamtp. This conclucion 18
further coniirmed bty the preparastion of bensyl p-nitrobensoate and bensyls
li-phenyleoarbanate from the eluate.

From this it is cléar that the course of the reaction proceeds
lergely by either pathway 1 or 24 (fige26)s In one cxporiment curve
raduction products of HebensylcarbonyleLeasparagine (5.25 gm) were purie
fied on a column of' Towex-50 a8 deseribed previously and from the water
eluto was oxtracted 2.3 gm of bensyl alcohels The theoretically
expacted amount is 2,50 zm so this corresponds to & yield of 9% It
is concluded from this hizh yield thet pethway 3 makes no simmificant

contritution.

Keterisl eluted with hydrochloric acid,

Electrophoresis of the unpurified starting material showed three
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Table o
E570 g Con". for blank
Blank 0.085
3 wen glycine 0.160 0.075
6'/ugm glycine 0.245 0.1l60
9/u,g;n glycine 0.310 0.225
12 pem glycine 0.410 0.325
15 /,Lgm glycine 0.485 0.400
© 32.1 pen FII 0.308 0.223
64.2//tgm FII 0.522 0.437
64.2 jugm FII 0.520 0.435
128.4 yigm FII 0.950 .0.865

]
U



122

substances reacting with ninhyérin {¥I, II and III). FI, the substance :-
bearing a single positive charze was present only in very minor quantities
and will not be considered further. It was asesumed thes FII and FIII,
botk of which bear & doutle positive cherge wore the produncts of

pathways 1 or 2 (fiz. 26)s

The diffsrence in rpinhydrin colour of the two comgennis w2a
slichtly sugrostive that ¥IT {pursle) was ihe strsisht chsin compound
probedbly pessessing one saino group and one neibylaminoe group and that
FI1I (grey~brown) was the cyclis compound pespnesszing dre amino group
nnd one metbylemino group,

Elemontary anelysis of the oxalate of PII was in sgreement with

that expected for 4—mimﬂ—2-mtby1mim’lmtam-}-cl nono-oxsinte
ddhydrate which vequires ¢, 34.43 Hy 8e2§ By 11e4p Oy 46,03 found,
Cy 354133 Hy 74073 Hy 114163 Oy 45.39« The dry waight estinmation

of the FII dioxolate sent for snalysis iadicated the presence of 13%
wator. The dihydrate requircs 157 of watar,

’i‘itr#fm date showing pX values of 10.1 and 8.1 corresponding
with the 4-smino and Zemethyleamine groups respeatively are in agreee
nment with this structurs, Thus the two pX's of 1y5-propanedianine
are 10,62 and 6,64 (Bertsch, Fernelius and Block, 1955), 8 difference
of 2 pE units. A hydroxyl group on the carbom atom adjimt; {o an
amino group would be expected to lower the pK by about 1 pH unit,
(ethylamine has & pX of 10.63; Evens and fenann, 1951 and sthanole
oaine has & pK of 9.503 Eates and Pinching, 1951), but Neasthyl sube
stitution would be expected to raise it hy about 0.4 of & pB unit,
(elycine has & DX of 9.76 and sarcosine & pK of 10.20 Long, 1961).
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Tiis means that the éumethylamino croup might be expeoted to hove its
pr lowered‘by about 0,6 of a pE unit so that a value of 8.1 1o reasocnable,
The value of 10.0 for d-amino group is also within the expected range.

”Le products ol purnanssnate oxidation of FII have similar cleutro-
phoretmc and ninhydrin staining properties to the oxidation products of
2yd~dinninobubyric acid, which further supports the idantification of
FII.8s the straight chain compound, (it weuld not te expected that the
differcnce betwasn & methylamino and an amnino group woawld be dotected
by these methoda ),

A Nitrozen estimation of FIT a3 the hydrochloride zave a value of 14,7%
.which is ideniical with the caloulated requirement of 1l4.7%  Ninhydrin
estimations bmeed upon thic valve indicated a colour yield of 0,32 per
-emino group if the colqur yield of glycine is taken as egqusl to one.

This low colour yield might'bo taken ss evidence in favour of one of tha
amino groups b2 ing'n-mathylnted pince the ﬁamethglnminn &roup has &~

colour yield of only 0.22 relative to & iree amino group asalculated

Irom a comparison of sarcosine with glycine (Moore and Stein, 1954).

A consideration of the speotrum of the DEP«dordivative of FII
(£ig. 30) shows distinct similarities to tho specirum of di-DHP-diaminoe
butyric acié (pxeparatiod?daécribed on pagelld)s  Thus there du a
nmaxima at 358 mfm(}éa @FII) end a shoulder st 404 miin both come
- pounde., The shoulder is absent in the INP-derivetive of-FIII (fig, 30

,Elaﬁentary anal&sia of FI1 as the free btase, slthough desirebls,
was found to be impraotical due firstly to its volatillty in water
vapour gu making the preporation of & dry sample ¥ary difficult and

secondly to its cpontancous decomposition over & few hours %o & thick
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aticky, black gum.

Troatment with 2 ¥ HC and 2 § NaOH at 100° for 2 hr shows FII
to be unohanged when examimed by eleotrophoresis thus indicating &
fairly stadle structure,

The infrared spectrum is shown in fig, U0)

From the obmervations desoribed above it is comnluded dthat FIT s
4-anino-2.methylaninobutane=1-ol.

The sharasterisation of FIII hes been slightly less successiully
acoomplished than in the case of FII. This material is mot stesm
. distilladble and appesrs oz 8 thick oil or gum in either the free state
or sa the hydrochloride. The slementary analysis of the oxmlate indi-
cates & carbon-nitrogen ratio of 912 suggesting that it is probably the
dioxalete and that one of the anino groups is methylated. A structure
compatitle with this ratio is 3-sminomethyl pyrrelidine dioxalate and
requires an elementary snalysis of C, 38,63 E, 5.723 §, 10,05 Oy 45.7s
This compares closely with the found composition of C, 37.93 B 5.9;
Hy 10.03 Og 46413 and by themselves would have desn stmly suggestive
of this structure. Dry weight sstization indioated the pressnce of
3;: water s0 it is probable that the compound is not hydrsted. However
the behaviour of this compound in soid snd slkeli, in which it is
converted to & substsnce that is elestropboretieslly inmamnmm
from FII, would seen to be against 1%, as & pyrrolidine would have been
expected to be stable under these conditions. However since no informe
ation is available on the stability of saino pyrrolidimes no firm
conclusions should be drswn from this,
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The p& values of 10.4 and 7,0 would ssen to be consistent with
thot expecied of a 3-amino pyrrolidins which has an -imino and amino
group on adjacent carbon atoms, A compnrable situvation s scen in
the cnse of ethylene diamine which has piits of 7.00 and 10.09 (Zertsch,
Fernelius and Block, 1956)s The slight diacrepancy of the higher
pils is yrdmbly due: 0" the 3-amino group of the pyrrolidine being K-methy-
lated (s2¢ poge 122)

Tize35 shows the spectrum of the producta of the ninhydrin resotion
with FIII. It is of interast to note that thore are two maxinme, one
at 4895 mfxand another at 572 mfu The latter ie the one usually cobserved
in wost amino scide except in the case of proline which oboorbs at 440 LY
This is in the same region as the first mentionsd maximup of FII7 and could
be interpreted ars indicating the presence of & sinmilax chromophore to
that in proline.

Oxidtion by permanzanats under the mild conditions deserdhed in
the experimental scetion is elso of intevest since FIIT is appsrently
resistant, the product failing to ehow any differenco from the starting
materinl when examined by ¢lectophoresis, This would be expected for
the pyrrolidine structure since there is no primary alcoholice group
presonts

It was concluded thet there was strong ovidence ir favour of FIII
being S-zethylamino pyrrolidine dioxalate.

I% ocecmed worthwhile however to invemtizete altern~tive methods of

preparing 2,4edigminobutenz-lesl iree of the K-methyl-group, gince the
reduction of Qycopeptides might not always involve the use of thelr

I-bensyloxycartonyl derivatives.
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Alternative method for the preparation of 2,4-iiaminobutane-Iol.
A careful consideration of the various compounds ¢Bat might be

oxpected to yield 2,4-diaminobutane~l-ol suggested that the problem of
finding a suitable blocking group for the amino groups was almost
impossible to solve if LAN was to be used as the reducing agent,

It seensd possible that the difficvity might be overcome if the
milderyeducing sgent lithium borohydride were usad.

As mentioned esrlier (page Al ) Chitnall and Rees (1958) have used
this resgent in on attempt to devige a method for the identification
of the Ceterninal smino acid in proteins and peptides and they cledn thot
its use does not cause any epprecisble reduction of peptide tonds.
However, Bailey (1952) has obJjeoted to the method on the cround that
internediate boron compounds are formed that ave not easily cleaved.

The sohenme proposed involed tsking 2,4-diaminobtutyric acid as the
starting material and then converting it firat to the H N-dimcetyl
derivative and secondly forming the methyl ester. The lithium boroe
hydride reduction of this sudstance should only affect the ester group,
converting it to a primexry aloohol and leaving the two N-acetyl groups
intaot, These could then be cleaved bty mild acid hydrolysis to yleld
free 2y4-dianinobtutane~l«ol,.

EXPERIMENTAL
Preperstion of 2,4-disminotutymie acid,

This compound was prepared hy one of the mothods described by
Adamson (1939)e

Leglutamic soid (30.0 gmj 04204 moles) obiained from ETH was
added to concentrated sulphuric acid (100 ml) and chloroform (60 ml)
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end the mixture was stirred, Sodium azide (16,0 gm) wes added in smsll
portions keeping the tempersture at 45-500. Vhen the evoluiion of
nitrogen had cessed (4~5 hr) the mixture was poursd on to ice and the
aqueous extract so obtained was treated with hot saturated tarium hydr-
oxide until the reaction was woakly acid to Congo Keds Iarium sulphate
was removed by filiration and pioric acid (60.0 gm) in 1400 al of hot
water was added. Large leafy crystele of the dipierate had formed
aftor 24 hr at 4°, the product at this stage having I.P, 180° This
product was dissolved in 500 ml of hot water end concentrated hydro=-
ohloric seid (200 ml) sddeds After cooling the picric meid was removed
by filtration, the filtrate exiractdd three times with ether snd then
~ evaporated to drynees, The crptales of the dihydrochloride so obisined
were ground with ethanol, collected by filtration and dried in sire:
Yield 1644 gn (427%); M.P, 198% (] n‘*‘3‘9°‘ (8 440 in water); the
infrared spectrum is shown in fig,Si). Adamson gives +14+6°(C,3+67 in H,0).
Preparation of the H,N ediacetyl derivative of -8 nobutyric-acid
dihydrochloride,

planinobutyric acid dihydrochloride (4.77 gam) was dissolved in 30 ml
of water sud a solution of sodium hydroxide (4.2 gm) in 25 nl of water
wae Bided from a buretie until the pH (meamured by glass eleotrode) wes
11425. Acetic anhydride was then added in 1.0 ml portions, the nimture
being etirred and the pH kept eonetant by the addition of scdium hydro-
xide from the turette. The reaction proceeded rapidly, its course being
shown in fig. 37 ond table 23 after the theoretically required amount
of acetic anhydride had been added (4.9 ml) the uptake of sodium hydroe

xide sbruptly doubled, indicating that scelic anhydride was no longer
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Fig. 37
[} |1 1 i \ ! { H Ly { _ 1 |
2 4 6 8 30 12 14 16 18 20 22 24
ml NaGz '

Table

Reaction of diaminobutyric scid with acetic anhydride

232

ml acetic ml NaOH pH

anhydri de 442 W

0 0 11.25
1.0 2.3 11.25
2.0 4.6 11.25
3.0 T.1 11.20
4.0 9.6 11,30
5.0 12.3 11.25
6.0 17.0 11,30
7.0 21.6 11.25
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Tescting with anino groups but was being hydrolyeed to two moles of
“neetic acid,

The reaction uixture was aeidifled to pE 3 by &be =ddition of hydroe
chloric acid and then evaporated tn dryness. The reoidve comeisted of
sodium ohloride in a nearly colourless oil which was extracted into a
amll volune of methsnols A portion of the extract wam kept on ons
side from which the K,7'diascetyl comppumd was crystalliced from ethanole
othyl acetate, MPISS [ =13,3 (¢ 3,02 in water.) Yield 95-1007 on
tasies of acotic anhydride uptske.

Freperation of R, Ntdiscstyldianmincbutyric neid methyl ester. |

 Hethyletion was sffected by passing diszosetlans directly into a
solution of the subetarce in methanol, the methanol extract doscribed
in the lsnt section being used without further purificatiom.

m;mmthm w3z prepared by the modified cethod of Ds Foer and
Backer {1963)s The distilistion apperatug thet was used had been
carefully flamed at rll joints and edgen #o as to mirdmise the riek of
explosion during the preparation.

i’atmaii:m hydroxide (5 gm) was diseolved in 7,5 ml of water and
placed in the reaction vessel with 25 nl of ethanols This mixture was
heated to 60-657 on & water bath and a solution of p~tolysulphonylimethyle
nitroeamide (N-methylonitrosctoluensepesulphonsmide; 21.5 ga) in 100 ml
of ether was acded from & dropping funmel, The dissomethane so |
vrepeyed was distilied directly into the methanol extract wmtil the
solution acquired a pormanent yellow coloux, 1he exceas diacomethane
was destroyed with a few drops of scetic aoid snd the product evaporated
to dryness to yield a pale yeliow oil which was ext-acted three iimes
into dry ether. The exiracts wore pooled and after 48 br approxe
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' imatﬂiy;l gm of pure white crystals wore obtained having 15.P. 100° and
Y_b(] wa33,7° (c 1.66 in water), Yidldd approximately 207 i |

The infrared spectrs of N ,¥ '~diacetyldiaminobutyric F&Amthyl
ester are shown in £igs.b+10) (See addendum pagebs).

The reduction of R,ﬁ'-ﬂimatxldiaainobutxgic acid metihyl ester
with lithim borohyds 1dh '
P__r__cw tion of solution of lithium borohydride

Lithium borohydride (approx 5 jm) supplied by EDH was added to 50 al
of tetrahydrofuran (dried -as desoribed previcusly) end refluxed for 4-5
hre The remmining insoluble material m-x':utémd of{ throuvgh a §lave
ﬂintéﬁ to give a olear colourless filtrate which was stored at 4%
Reduction of the ester.

Hy¥tediasetyldiaminobtutyric acid methyl ester (250 ng) was disaolved
in 30 ol of tetrahydrofuran and the solution of lithium borohydride (10 ml)
was added odded ané the mixture refluxed for 6 hry cooled and watsr added
dropwise until all exceess lithium torohydride hed been destroyed. The
ingoluble deconpolition products were removed by filtration, extracted
by refluxing 4«5 min with ethanol and filtereds The filirates were
contined und evaporated to dryness to give a whitich gummy residue which
was extracted into ethand leaving & small amount o_l’ insoluble white
powier, The athanol extract was evaporsted to dryneas to give a gummy
white partially crystalline materisl, in a repeat of this experiment,
which was perforamed in precisely the same way, the product at this stage
was taken up in 5 ml of water, a drop of ~hich was found to weact
stronsly on popers with the ninhydrin meagent,

Paper elsctrophoresis of the products im the formic-acetic wuffer
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and under the conditions deseribed previously , showed the presence
of four ninhydrin positive compoments, (fig. 38) one, present in smsll
azount, having the same colour and mobility as disminolutyric acid,
& second rather more intense spot with slightly less mobility than
FII, and & third, the mejor compoment, having the same mobility as
as FII, bt giving & slishtly redder colour sand & fourth minor component,
gray in colour, and with about the same mobility se FIIX.
Fractionation of reduction products of the methyl sster on Dowex-30
Dowex~50 x 8} 200~400 mesh in the hydrogen form was made into
& column 3 x 37 em.
The reduction products were spplied and the coluzn was eluted
with a hydrochloric seid gradient starting at 1 N and going to 3 H.
Fractione of 10 m) were collected and on completion of the gradient
elution was gontinued with 3 N hydrochloric seid. Altemate tubes were
tested by spotting on filter peper and staining with the ninhydrin
reagent, Two groupe of tubes were observed to give & positive rwaction,
the Cirst between tubes 156-168 and the second betwoen tubes 188~198.
Pairs of tubes fyom the relevant regions were posled (each pair being
numbered by & Romen numeral), svaporated to dryness, taken up in
5 5l of water snd estimated by the ninhydrin method (fig. 39 and
table 24)s Three peske were apparent and wers named PI, PII and PIIX
ss indicated.
Papor eleotrophorssia of each pesk showed that FI corresponded
with the spot having the same mobility ss FIII and that PII corresponded
with the apot having slichtly less mobility. For some umexplained
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Table 24

Fractionation of reduction producis of diacetyldimzinobutyrie

acid methyl utor. o Dowex~50

Fraction number E5?0‘ an

1 0.249

11 0607
Iz 1.60
w 1.00

v 0.554

vI 0.43%9

Vil 0.164

VIl 0,068

X 0.048

X 0,027

XX 0.308

X1z 0.646

m 0.“2

xv 0.394

xvI 04167
V1T 1.30

XVIIx 0,62

Ixx 0345

XX 0.364
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Teason the material in the third peak, PIII, was not detsctable

on the electrophoretic strip with the ninhydrin resgent.

Preparstion of the oxalstes of PI end PII
The relevant tubes (I-VII for PI and XI-XV for PIl)} were pooled,

evaporated to dryness and the residues of emch dissolved in 2 ul of
water. '

& column of Dowex=) (1.0 x 24,0 on} generated in the oxzlste
forn as desoribed on page 11l was set up and washed exhaustively
with water, Frestions of 5 ml were collected and a drop from each
was tosnted with a few dyops of caleivm chloride. Tubes 1 and 2 gave
& preocipitate of calcium oxalate @o they were pooled and evaporated
‘to dryness to give & pure white partially crystalline substance with
HoPe 156157 The infrared spsctrum is shown in fig.?() . Elemente
ary snalyeis showed C4 335.19 Hy 5473 H; 10493 Oy 5043

The column was regeperated, washed exhaustively, the solution
of PII applisd and treated se descrided sbove to yicld spproximately
15 mg of pure white orystsle having H.P, 129-130°%, The infrared spectrum
is ghown in fig, 9() « Elementary analyesis chowsd C, 34.33 H, 6.2}
Ny 8453 Oy 51404

ISCUSSION
Since the object of this experiment wes to prepars an unaquivoosl

saaple of 2,4-dinzinobutane-1-0l only thos: two compounds that had

sleotrophoretic modilities closely similar to FII were considexed.

It is fairly clear from the way in which the reduction has yislded

s mltiplicity of producge that the reaction has not mchieved the
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main objoct, The vesults are of interest however, in that they throw
some 1izht on the remotivity of 1ithiun torchydride. The appesrance
of a ninhydrin positive substance in the reduction products prior
%o acid hydrolyeis is probably indicative of some cleavage of acetamido
groupe slthough it is possitle that this may be explained by the forme
ation of an Neethyl devrivative, Clectrophoresis of the reduciion
producta before hydrolysis (fig. 38) chows a singly charged material
and faint traces of doubly oharsed substances which is in agreement
with the splitting or reduction of scetanido bonds. This is in con-
trast with the usually scoepted view that amide bonds are noi affected
by lithium borohydride.
_ ‘The slementary smalysis of PI ie in close agreement with the
 structure shovn in fige 40, which conteins one end a half moles of
oxalate per mole of dismine and nfii_inglt moletule of water. This
structure requires C, 35.5) Hy 5.95 Ny 10495 Oy 5045
It is therefors concluded that PI is probebly 2,4~iismincbutane~l-cl.
The elementary smalysis of PII indicates s carbon-nitrogen ratio
of 9.511 vhich is difficult to reconoile with auy likely structure,
particularly 8s the infrared spectra of PI and PII are closely similar.
It seems most likely that the difficulty 3.a caused by the presence
of oxslic acid as an impurity, The very small amount of msterial
available did not allow further investigation to clear up this problem.
The experiment demcnstrates that conclusions drawn from reduciions
with 1lithium borohydride should ke made with caution, bacmuse of the

poesibility of unexpected side resctions,
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Following the preparation of these compounds it was decided to
proceed with the reduction of the mndel compound, Z-acetamidoel-
(Lwfwaspartanido )=l ,2-did00xy < -D-glucose.

Reduction of the N-bensyloxycarbonyl derivative of 3,4,6-tri.-acetyle
gescatamidowle(Lw waspartanido Joly 2-dideoxy ~p~Doplucose with LAH

The asterial used in this reduotion was synthesised end kindly
given by Dr. R.D. Marshall, It represents the model compound of the
linkage between ssparagine and Nesoetylgluccssmine that is found in
thﬁa ovalbunin glycopeptide, It was proposed to reduce the compound
with LAH in tetrabydrofuran snd to idemtify the products after acid
hyﬁ:ol,ytiaa The substancos imvolved in the yeaction and ites expeoted
course are shown in fig. 41. ,

During the reduction it was expected that tho C-scetyl groups
would be cleaved to give athanol and the originsl hydroxyl groups on
the sugar, the scetanido group would give s sesondary amins as would
the group in the linkage and the li-bensyloxycarbonyl group would give
an Nesethyl group. Eydrolysis was then expected to clesve the bond
betweon the Cel of the sugar snd the sspartamido nitrogen to yield
equinolar amounte of R-ethylglucosanine snd J-amino-2-methylaninge
butane~l-cl.

EXPERIMENTAL
Redustion of the Nebensyloxyearionyl derivative of 2,5;_6_:&1*1—6-3@.&1-
zmtmido-l-SL;bmmhl,z-didwwd)ﬁhwm. |

The model compound (11.5 ms) was dissolved in 8-9 ml of hot tetra-
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Fig. 41

" The reduction of the N-benzyloxycarbonyl derivative of
3,4 ,6=tri-O-acetyl-2-acetamido-1-(L-p-aspartamido)-1,2-

dideoxy-p-D-glucose with lithium aluminium hydride

CHOAC | . c|:00H
N==C==CH ==CH
H O 2 |
N#H.CBZO
LAH

|
N—C—CH—CH
H Hy |

ANH'CHB
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hydrofuren, s smell amount remsining cut of solution. LA (50.0 mg)
was added end the mizturo heated under reflux for 24 br. Normal
hydrochloric soid (1,3 nl) was added to destroy the exocess LAH and
the mixture evaporated to drymess. Fthanol (9573 4«5 ml) was added
and most of the matorial went into solution, The small insoluble residue
was removed by centrifugation and the supernatait wan foumd to be
positive to the ninhydrin resgent on paper. The alccholis supernatant
waa evaporsted to dryness yielding sheaves of erystals in a yellowish
0ils The whole residue was dissolved in 0,5 al of water snd the oole
ution brought to phi 8 by the dropwise addition of normal sodiun
hydroxide causing the precipitation of a whitish substance which was
resoved by centrifugation. The supernatent gave a positive ﬁinhydrin
reaction.
Paper slectrophoresis sni paper obromstography of the produats
2~matm1do-}.~(L-p-nspartamiéo)nl,?&iﬁmx&~p-néglmae {AADG)
before reduction, after reduction and after reduction snd asid
hydrolyeis was examined by descending pepsr ohromstography (#hatman's
T ) in phenclesmmonis (500 gm orystalline phenol in 125 ml of water
1 ul of 880 ammonis was sdded to 200 ml of phenol soluticn),

Paper eleotrophoresis was performed on Vhatman's 33 in the formice
scetic buffor of pH 1.9, for 45 min at 1000 v on the products of the
hydrolysis of reduced AADG snd the reduction pruoducts of Neacetyle
rethylglueogeninide after scid hydrolysis (see hlov). The patterns
obtained are shown in fige. 42 snd 43-

The redustion of a mixture of the X and 0 enomers of N-scetylmethyle

gluconaninide with lan
A mixture of the « and p anomers of F-acetylnethylglucosaminide
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Pig. 42

Paper chromatography of reduced AADG in phenol/ammonia

1? AADG

2. Reduced AADG

5« Hydrolysed reduced AADG
4. FI, FII and FIII |
5. Aspartic acid

6., Glucosamine
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Electrophoresis of reduced AADG in formic/acetic buffer pH 1.9

1.

2.

3.

4.
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AADG

Reduced AADG
Hydrolysed reduced AADG
N-ethylglucbsamine

Gluccsamine
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was kindly prepared by V. Bhoyroo according to the methed of

| Zilliken, Rose, Breun and Syorgy (1955) modified slightly by the
use of Zeocarb 225 instead of Amberiite IR.120, The preparatiom

hsd iePe 179-160° and B) | m +44° (¢ 1.66 in water)s (Z1lliken et al
give [*] - = 4105%),

The ¢lucogeminide (206,2 mg) woe added to 15 nl of totrahydro-
furen with LAK (200 mg) and refluxed for 24 kr. The tetrshydrofuran
was remcved by cemirifugation and excess LAl was destroyed by the
dropwise addition of dilute hydrochloric acid. A precipitste formed
which was removed hy centrifugation and the supernatant evaporated
to drynese. The two rvsidues were extracted with & small volume of
water and ihe exiract evaporaied to dryness. The pale ysllow product
8o obtained was dissolved in 2 =l of pyridine andé treated by shaking
with ncetic anbydride, (1.5 ml) at 4° for 16 hy, Excesa resgents
were removed by repeated additions of 2-3 ml of water follewed by
evaporstion to drynese. The oily residue was extracted into 5«4 ml
of chlorofora which on svaporsiion yielded & product that was negative
to both the ninhydrin and silver nitrate testas. _

The acetylated reduced methylglucosaminide ao prepared was then
hydrolysed under the same conditions as the reduced AADC {constant
boiling HCL for 6 hr et 100°). The hydrolysate was evaporsted to
dryness, 3-4 ml of water added and the evaporation repeated to give
& brown s0lid residue which was diesolved in the minims)l quantity
of methanol. Ether was added until a dark coloured substance came
out of solution which wac separated by centrifugution. The virtually
colourless supernatant was evaporsted on a watch glass glving sheaves
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of colourless crystals which hed 1,7, {dccomp.) 160-160° and in
aquecus solution was ninhydrin snd silver positiva. {(Clucosanine has

.Ps 110%; decomp,).
gulte of r chroms slect resis

Fiz. 42 ehows the relative mobilities of the various substances
in phenol-amnonis, AADG without any protecting groups ran with the
least mobility and geve s brown colour with ninhyérin (Fletoher
ot al, 1963 a ), after reduction but prior to hycrolysis it ran
8o & single spot with greater mobility and stnined blue with ninhydrin,
suzcesting that the reduction had occurred as anticipated and had
- altered tho msparagine fype of siruciure. Ho ohange wns apparent in
the substance after soid hydrolysies The reduciion products of Heacetyl-
methylzlucosaninide ran with the same mobility ss glucosamine,

Paper electrophoresis (fiz. 43) at & pli (1.9) ot which ell
t;mino groups would be expeoted {0 be fully ionised indicates that
reduced AADD {after aoid Lydrolysis) runs as & single major component
staining blue-purple with ninhyirin and having a mobiliiy corvespond-
ing with approximately three positive charses as compared with
unreduced AADG., There were also three or four minor spois with
lesser mobility. It was concluded fron these resulte that LAE rede
" wuction of AAIG has effected ihe chanses shown in fige 41+ The proe
duction of two new cstionic aroups is in sgrecwment with its obaerved
electrophorotic uobility. As is to be expecteé the presence of the
charged groups in the linksse end on Ce2 of the sugar remder the
Nwrlyeosidic bond very resistant to acid hydrolycis. The minor
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components pregunably indiczte & slight amount of breakdown.

Similarly electrophoresis of the rednction products of Heacetyle
sethylalucossainide {fig. 43) showed the presence of two components,
one having the same mobility as slucossmine and the other having
slizhtly sreater modility. They both stained purple with ninhydrin,
two strips run under the sane conditions ghowsd that both eomponents
and glucosaning stained black with silver and that with an anilinee
diphenylemine resgent (Sumith, 1560) only the more mobile component
gave & slipghtly positive reactlon, It was concluded that the rede
uction of Neacetyluethylslucosaminide produces ¥-ethylglucosamine
but in the preeent preparation theve is contanimstion with glucos-
enines The decomposition point iz in felr agreement with the figure
of 1&9~1?1° found by Mr. B. Pilcon (personsl communication) and that
of Carson (1955) who found 160-101°,

I% is cloar from these results of the reduction of AADG that
no materisl correcponding with dinmincbutancl, or ite N-methyl
derivative, has been produced. It was therefore necessary to modify
the reducéd raterisl so that it wzs susceptidble to scid hydrolysis.
The wethod chosen vas to fully acetylate the oompound with scetic
anhydride in pyridins to give the substance shown in fige.44.
Zxperimental
Tha acetyletion of reduced AADG

The hydrolysate of the reduction producis of ALDG was dissolved
in pyridine (3.0 ml) end mcetic anhydride (1.5 ml) was added and
the mixture left at 4° for 12 hr. Uzcess reagent and solvent were

renoved by repecated additions of suell volumes of water and evapors
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Fig. 44
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Acetylation of reduced AADG
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rtion to dryness.
tylated reduced AADG

The produst was dissolved in constaut boiling 10l (3.0 ml) snd
gontly refluxed for thres hours. The hydrolysate was evaporated to
dryness, 2-3 ml of water was added and the evaporation repested.
The residue wes dissolved in 0.25 ml of water.
Paper elecirophoresie and chromatorrs of the lyante

Dencending paper chromatography was performsd on Fhatman's 33§
in the solvent systems i) phemol-smmonia (as desoribed previously)
asud 31} ethyl scetute.pyridine-asetio acid-water in the proportions
515:1¢3 (Fischer and Febel, 1955).

4~anino-2-methylaningbutane«-l-0) (referred to in future as
A¥AB and is synonymous with FII), Nesthylglucosamine and giuuonuine
wore used as markers. The patterns obtained are shown in ﬁgs. 45
and 46,
Eesults and discussion

Figes 45 and 46 indicate that in solvent 4) AMAB runs ss two
components (evidently containing FIII1 ae mn impurity), the one
with grester mobility being FII (if ninhydrin colour is to be taken
as & relisble criterion). The hydrolysste of AALG runs ss several
componsnts two of whioh corvespond closely with the two components
of AMAB (FII end FIII). Clucosemine snd N-ethylglueocsamine would
appear to run with the same mébility as osch other, so it is not
possible to determine if AADG has yielded sny N-ethylglusosamine,
althouzh there ig a spot nith the correct wohilit¥e«
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Fig. 45
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" Paper chromatography.of hydrolysed ‘é‘qétylﬁtéd',‘fe'dﬁded. AADG
1. - FIT and FIII . |
2. Hydrolysed acetylated reduced AADG

3o XNe-ethylglucosamine and glucosamine
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Fig. 46
1 2 3
Elgctrophoresis in
formic/acetic tuffer
0 _ pH 1.9 of hydrolysed
acetylated reduced AADG
o (0

1. Hydrolysed acetylated reduced AADG

2. Glucosamine

3¢ FII and FIII
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In solvent ii) ANAB again runs es two components but in this
cass the one attributed to FII is the slower. The hydrolysate of
reduced AADG runs as two components, one of which corresponds
closely wifbh the spot attridbuted to FIII and the other having fair
cmapgndnm with FlI. Glueosamine and Heathylglucosanine sgain
would appear to be unsepnratsﬂf by this solvant.

The results of paper slesctrophoresis are gquits unequivoesl,
siving two major ami tvo minor components,. The faster of the major
components runs as & discrete spot having identical mobility with
FII and giving the same colour with ninhydrin, The other major
component is probably unhydrolysed redugsd AADG. Of the two ainor
spots, the faster correaponds with glucosamine, btut the slower is
not resdily identifiable althouzh it is possibly a emall amount of
aspartic scid from unreduced zaterial,

It is conoluded that the hydrolysis of scetylated redused AADC
results in the formation of AMAR (FII). It is possidbie that the
failure to identify Kesthylglucossmine is due to its very low colour

yield with ninhydrin (1,57 of the colour given by glyoinej lir. B.
¥ilson, personal communication). This may also explain the failure
{0 separate it fron gluéqnam by chromatozraphy.

Since this experiment gave the desired results it was declded to
apply simileyr procedures to the glycopeptide,.
Experimental
Acetylation of the N~benzyl 1 g

Hebensyloxyoarbony) slycopeptide (68.6 mgy prepared by promsse-
carboxypeptidase digestion)} known to contsin espartic acid as the
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only amino acid was dissolved in 4.0 nl of pyridine and 3.0 ml of
é.ce*h:la anbydride. The solution was shaken at 4° for 24 hr ond excess
reagont and solvent removed by repented addition of a smsll volume
of water and evaporation to dryness. The residue was extracted into
dry ethyl aceiate &nd evaporated to dryness.

Since the theoretiosl molecular weight of ths bensyloxysarbonyl
glysopeptide is 1680, 68.6 mg is equivalent to 53,0 wmoles. It was
saloulated from the dats of Erown (1951) that each mole of fully
ace;yhtcd glycopeptide would require 18 moles of LAH go that 53.0

moles would yequire approxizately 1 millimols. A threefold excesa
{114 ng) was used. The glycopeptidc was dissolved in 30 al of tetra-
hydrofursn, the LAH added and the mixture vefluxea for 6 hr after
vhich N HOL (6.0 ml) was added to desiroy the excess LAH. The mixte
ure was svaporated to dyyness lesving a glusy residue which was
extracted with O.1 uml of waters. Insoluble material sms removed by
centrifugation snd othancl was sdded o 50-957. After 2 hr at 4°
& floocoulent white pravipitate had formed which was separated by
cenirifugation and dried in 8 vacuun dessicator over ?205 and aodium

hydroxide flakes,

Yarmose estimation of reducad glycopeptide
The orcinol-sulphuric seid procedure described previously was

useds

Heduced glycopeptide (1G.215 mg) was dissolvad in water and
made up to 10.0 ml. Reading from a stendard curve it was seen that
0.3 ml of the solution contained 100 ugm of msmnose, which represents
a mennose content of 32,7 for the glycopeptide. Tha lowness of
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‘this figure (thecretical content on the basis of S moles of mannose
per mole of glycopeptide is H35) is probably csused bty impurities
in the preparstion, notably sali. lowever the sstimation doss show
that s glycopeptide containing fraction has been isolated from
other reduction produats. The mexmose estimation is shown in fig. 47
 and table 25,
Ultravislet specivum of the reduced glycopsptide

- The glycopeptide solution (0.5 ml) referred to in the previous
parsgraph was diluted to 10.0 ml to give & concentration of 0.051 mg/ml.
Exanination with the recordins spectrophotonster (Unicam SP 760) in
Suprasil cells of light path 1.0 ¢m gave the specirun shown in fig. 48,

The molar extinotion at 205 m/ was 48503 the molar extinution
of the unreduced glycopepiide at the same wavelength is 84C0. The
‘wpectrun §s shown in rig.4Be.

Acid is of the xeduced opeptide

The reduced glycopeptide (6.4 mg) was dissolved in 1.0 ml of
constant boiling BCl and heated at 100° for 6 hr. The IC1 was remove
ed by wapor;tian leaving a brownish yesidue which was dissolved
in 0,5 ml of water,

Descending paper chroastography was performed in the solvent
oystems i) ethyl svetate-pyridine.acetic acidewater in the prope
ortions 5:5;1:3. and i) phenol-ammonia (s deseribed previously)e.

Tuplicate runs were made and aspertic acid, munnose, glucossmine
and AHAB were used ss markers, The results ave showm in figs, 49
end 50.

Paper electrophoresis was performed under the conditions as
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Fig. 47
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Mannose estimation of reduced glycopeptide

Table 24 .
E505 i Corr. for blank

Blank 0.013

100 jigm mammose 0.227 0.214
200 prgm mannose 0.448 0.435
300 pigm mannose - 0.703% 0,690
400 pigm mannose 0.965 0.952
034 mg glyco. 0.238 0.225
0.34 mg glyco. 0.235 0.222
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Spectrum of reduced glycopeptide
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Paper chromatography of reduction products of glycopeptide

1. Bydrolysed reduced glrcopeptide

2. Ne~ethylglucosamine and glucosamine

3. FII and FIII
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deseribed provicusly. The patterns obiained are shown in {ig. 50
The subsiances were detecied Ly the ninhydrin and the silver
nethodss

Hesulis and discussion
c | .

It is apparent that ascid hydrolysis of tha glycopeptide has
yielded four or five different compounds. There is no satisfastory
correspondence of any of these with ANAB s had ‘um;x hoped. In the
absence of synthetic model compounds as markers it iz not possible
to atiribute the components obtaimed to any purticular degradation
product except thet in one case cne of the spots oan be identified
with reasonsile certainty es glucossmime (indicsted im fige 49).
ibis suggests that the mductia# was inecaplete and that soma of the
acetanido groups have remained unchanged., It was alsc noted that
no aspartic ecid could be detecied, indicating complete reduction
of all the carboxyl groups.

geatmwh
Agpin it is seen the¢ the hydrolysis has falled to give any

substance corresponding with either AMAE or aspartic seid, although
several other degradation produots have bean separated.

It is concluded that ll‘hbaﬁ@ the :nduofm iz incowpleis, the
failure o deteot any sspartic soid (or sminobutansdiol) indicates
that in all molecules tik amide bond of the linkage has been red~
uceds Furthermore the merked resistance {o hydrolysis is explained
if the acetanido group on the sugar residue to which the aspartis
acid iz attached has also been reduced to give an Heethyl group.
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0
0 | 1.

Niﬁhydrin Silver
Electrophoresis of reduction_pioducts of glycopeptide in
formic/acetic buffer pH 1.9
1. = Hydrolysed reduced glycépeptidé“ |
2. FII and FIII

e Aminobutanediol .
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Thore would then be two poritively charged groups in close pmximity
to the bond that is 4o be split which would effectively prevent the
spproach of the proton necessary for hydrolysis.
These findinge were in agreenent with the resulis obiained with AADG.
It was therefore decided to acctylate the reduced glycopeptids and -
repeat the kydrolysis,
 Acetylation of the reduced clveopeptide

A solution of the glycopeptide (2,0 ulj containing 2.4 mg glyco=
peptide) vas evaporated to dryness and dissolved in 3.0 m) of pyridine
m 2.0 m} of acetic snhydride, The solution wae shaken st 4% for
18 hr, Excess reacent end solvent were removed by evaporation and
the residue was dissolved in a small wvolume of water,.
Electrophoresis of the products

The conditions employsd were as descoribed before. Tha pattern
obtained is shown in fig. 51.
Results and discussion

The electrophoretic psitern obtained by staining with ninkydrin
indicites that the hydrolysis has yielded two maln componenis, one
with very little wmobility (probably only that due to electroend-
osnosis) and the other of groater dntensity with o wmobility ‘m",
valont to 1.5 positive charges ns compsred with glucosamine. This
latter compound gave s brownish colour with ninhydrin, Thers ware
also two minor componenta, one of which was probably attridutsile
to glucogsning, licat notatle however, was the atsence of any spot
corresponding with ANAE,

The compound with very little mobility (whiech alco gave s browne
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Fig.. 51
s 2 3
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0
Ninhydrinv‘

Electrophoresis of acetylated hydrolysed reduced glycopeptide

in formic/acetic buffer pH 1.9

1. Glucosamine

2. Hydrolysed acetylated reduced glycopeptide
3¢ FIT and FIII
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ish colour with ninhydrin) wes possibly unhydrolysed partially
reduced glyecopeptide, A

The identifiontion of the major component will be discussed

later.
| Since no MIAB has been obtrnined by thie method en alternative
hydrolysis scheme was vsed, It wap considered thet the failure to
detect AMAD wes possidbly due to the interference of degredation
products from the suger residuves that sre not present in AADG, It
seened poscible thersfore that 1 & preliminary mild scid hydrolyeis
were performed to clesve any susceptidble glycosidic bonde (those
not involving the reducing carbon etor of sn s#ino or Heuthylamino
rugar) end the fragment containing the sspartic soid«carbohydirate
linkace seperated, acetylated apd hydrolysed, then s situstion
nove clopely resenbling the case of AADG might be achievsd,
Furthee experiments on the redused glyeopeptide

Enduced glycopeptide (5.5 mz) was diesolved in 3,0 ul of 2 § HC1
end heated under reflux for % he,

The hydrolysate, witbout further troatment, wss spplied to a
column of Dowex~2 zenerated in the acetste form ané was oluted with
waier,

Fraoticrs of 5.0 ol were collected by band and epo§ toztad on
vaper by the ninhydrin method. A ponitive resction waz observed in
tubee 2, 35, 4 and 5 (the pE was neutrel), The tubes were pooled
gnd evaporated to a smell volume and applied t¢ a column of Dowex-S50
generated in the hydrogen form. Flution was domaenced with water

and run until 120 ml had beer colleoted when the elution wes ohanged
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to 2 & XCl. Fractions of 10.0 ml were collecied and the pIi observed
to become acid in tube 5. Upot testing on filtsr paper withniahydrin
cave & positive reaction in tubes 5 and 6 which were pcoled and
avaporated to dryncss.

The residue was dissolved in 3.0 wl of pyridine and 2.0 ml
of acetic enhydride and shuker at 2° for 18 hr. The resgent and
solvent were yemoved by evaporation and the residue hydrolysed in
2 X HCL by heating under reflux. 7he hydrochloric acid was removed
by eveporation and the residue was dissolved in 8 cmell volume of
water,

Slecirophoresin of the products of hydrolysis
The conditions were as described beforc. The puitern obtained

is ghown in fig. 52.
fegulte and discussion

Eleciropheresie shows o single component sisining brown with
ninhyérin snd having 1.5 positive charges rxelative to glucosamine
gl AuABs Nome of the latter compound could be delected for certain
although the single component tended to extend forwards into the
regim charrclerdetic of ALAB,

It seens possible (hat the single Yrowm steining component
observed in eack of the hydrolysates may e explsired in the followe
ing waye

From the studies of seversl groups of vorkers (Tletcher et al,
19635 Clamp end Yough, 1665; iontgomexy et 81, 1965) 4% is likely
that the heterossccharide wvnit is a brauched structure possibly
of the foram shown in fig.l. It is reaconubly certein that the E-acetyle
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Hydrolysate of acetylated reduced glycopeptide after’

preliminary purification on Dowex-2. Electrophoresis

in formic/acetic buffer pH 1.9

1, FIT and FIII
2. Hydrolysate of glycopeptide

3. Glucosamine
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glucosanine that is involved in the linkuge is also liunked at eithexr
the 5, 4 or 6 position to a socond R-scetylglucosamine resicdue.

This structure might help to explain the major component possessing
1.5 positive charges, The molecule that would be expected to arise
from the LAR reduction of an asparsgine-N-acetylglucosamine-l-scetyle
gmdm complex would be vm«thﬂshem-g-otwlgmcos;
anine which would possess four positive charges snd would be expe
ected to be very resistant to acid hydrolysis. The diserepency in
the mobility between the observed and that expected with four pos
itive charges is possidble due to the large sise of the molecule and
firn adsorption to the paper.

Ths most probable explanstion of the findings, therefore, is
that the reduction ylelds a fragment that is sufficiently stable to
soid hydrolyeis to prevent the liberation of say AAB. The failure
of acetylstion to overcome the problem is possibly dus 1) to & faile
ure to scetylate the Neothyl groups and the sseondsry amine in the
linkage or ii) to the rate of deacetylation under the sonditions
of hydrolysis greatly excseding the rate of cleavage of the bonds
bholding the individual residues together. The firat possibility
would appear to be & little unlikely since the procedure has been &
succoss in the ease of AADG. ;

The failure of these experiments nsgeseitated the &evelopment of
sn slternative method to overcoms the difficulties of hydrolysis.

It was proposed to prepare & f&lly methylated, Nebanzyloxycarbonyl
glycopeptides which after rt&uotim with LAH would be made %o rea#t
with 2,4-dinitrofluorocbensens to form the DIP derivative, and would
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then be hydrolysed to give di-DEP-AMAB and the DNP derivatives of
variously methylated Neathylglnoosamines, Paper chromatogrephy would
then be used to compares the products of reduction with & genuine
semple of 4i-~DNP-AMAD (the preparation of this compound waz desoribed
earlier).

Experimsntal

et £ £ Nebenzyl 1 ide
. The glyccpeptide was oarbobemsoxylated as described previously.
& solutiom (5.0 ml) of thic materisl containing approximately 75 mg
of glycopeptide was evaporated to dryness and the residue dissolved
in lio nl of dimethyl sulphoxide {obtained from B.D.E.). Barium
oxide (1.2 gm) and iodomethane (1.0 mlj cbtained from B.D.H.) were
sdded and the mixture left at 36° for 18 hr after which a further
addition of similar quantities of dimethyl sulphoxide, bariusm oxide
and iodomethane was made, This was again repeated after § hx and the
mixture left for a further 18 khr at 36° after whioch it was extraoted
ﬁth 10 nl of chloroform. An emulsion formed which was broken by |
centrifugation for 15 min at 2500 rev/ain. The chloroform layer

was pipetted off and thw residue extracted three times into chlor-
ofox-n. The chloroform extrants ware pooled, washed once with water
and then dried over anhydrous sodium sulphate, The extract was then
svaporated to zive & brownish oil which was dissolved in 1.2 ml

of chloroform and dropped into cold 80/100 petroleum ether. 4 viscous
trownish oil separated cut and long nsedle shsped orystals of
dimethyl sulphoxide formed on standing in the cold for 1 hr. The
petroleun ether and dimethyl sulphoxide were decanted off and the
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oily reaidue dissolved in 1.0 m1 of chloroform. The trestment with
60/100 petroleum ether was repssted twice, a pale trown viscous oil
being obtained which was dried in a vacuum dessicator over !’205 in
infrared spectrum performed in tetyahydrofursn was vnry yoorly

defined snd no definite estimate of the degree of methylation could

be mude,

The methylated glymptptidt‘ m éisaé_ive# in 5,0 ul of tetre-
hydvrofuren ané 150 ng of LAH was added. %hmtmmhnte&’ ,
undsr reflux for 4 hre Excess LAH was destroyed by the addition
of tetrahydrofursn-water in the proportions 50150 and the insoluble
aaterisl was removed by filtrations The residue was extrected three
tines by refluzing for 20 min in tetrahydrofuran. The {iltrates
wore pooled and evaporated to dryness, Spot testing of the filtrate
on filter paper gave & brown colour with ainhydrin, |

- 4n attempt to scetylate and hydrolyse the mtcrul was made at
this atage but slectropharesis failed to dnmamta any AMAB..
Silver ataining gave a pattern that was very similar to that found
in the previous experiment. . \ . o

tion of the INP vative of the reduced mel ted flyco-
The reduced mﬁwhta& glywpeptidn solution was mads alkaline
by the sdditlon of 2030 mg of sodiun carbomate, 2,4-dinitroflucro-
bensene (0.0l ml) 4n ethanol was added giving a clear solution which
wes stood Bt room tempermture for 18 hr. The intense yellow solution
so obtained was pipetted off the excess sodium carbonate and evapor-
atadwms.mﬁiﬁtmwmwus.cﬂarﬁgﬁclw
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heating under reflux for 1 hr, The IC1 was removed by evaporation
and the residue dissclved in 0,5 ml of ethanols.
' Descanding paper chrommtography on Whatsan's 3l was performed
in the following solvent systems. ' '
i) Putanocle-acetie acid-water in the proportions 120330:50.
ii) ristilled waters
iil) 70% Nepropenol-water
iv) 505 Nepropmnol-water with 15 amnonis.
v) 30% Nepropanol-water
vi) N<hexane-pyridine in the proportions T0130.
wii) Nehoxans-pyridine in the proportions 80:20.
viii) N-heptans-pyridine in the proportions 70130.

DA~DEP-AMAB (FII), DNP«FIII, di-DiP«diaminobutyric avid and
dinitrophencl were used ms marker subetances. The firet two were
prepared ans m&am previcusly.

Hesults snd discussion
" The chromstograns obisined by the use of the solvent syetems
listed above sre shown in £igs« 53-60+ In esch omse the hydrolycate
of the IiP-reduced zethylsted glycopeptide yields spots corresponde
ing with di-DEP=AHAB and DNP-FIII. In some of the solvents the rel-
evant substences heve run either withthe solvent froat or have
Temained st the origin, dut in the cases of sclvents iv), vi) and
vii) quite satisfactory intermediate mobilities have been obtalned.
Morsover in solvent iv), d1-DNP«AMAB hae been separsted from DHP-FIII
and aspots corresponding with both of these eubstances are apparent
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in the hydrolysate.

it is concluded from this experimsnt that substitution of the
reduced glycopeptide by s group that is vesistant io acid hydrolysis
(bsP-) allows the liberation of the substituted AMAB. The resotions
involved aiso liberate other LLP substituted materials that bave
not been identified,

It is clear from this experiment that the proposed Neaoyl glyco-
sylamine linksge to the / ~osarboxyl group of sspartic scid is correct
for in no other way oould di-DNPei-aminoeZ-methylanincbutane-l-ol
arise. The single molecule of ammonie relessed by mild hydrolysis
is therefore correctly sssigned to s position in the linkage. The
utilisation of this procedurs s & geners) method for determiming the
nature of {he carbohyirate-protein linksge in glycoproteins is
pxé‘ba‘bly linmited Ly the need to prepare & slycopeptide containing
cnly the amino acid to which the carbolydirste is stisched, If other
szine scide are present them reduction with LAE would give a poly-
smine that would be totally resistant to hydrolysis 80 preventing
the liberstion of AAB or ite LNP derivative.
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Figs. 53 - 56

53
54
55
56

O+
(O
(O3
(ONS
? [ ol
[ J Y

(GRS
OB

< — S),\,

O O = <=

0 | :
0O\

Dist. water : 70% propanol 50% propanol

Bu - Ac - B0 ;

Paper chromatography of hydrolysate of DNP reduced methylated glycopeptide

1, DiP- FII 2. TWHydrolysate of DNP-glycopeptide 3, DNP- FIII




171

i~ A A 8
1 2 3 1 2 3 1 2 3 12 3
(\hh J SN SR L
o/ NN ¢

Ly

Figs. 57 - 60
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Paper chromatography of hydrolysate of DNP reduced methyladed glycoﬁeptide

l. DNP- FII 2, Hydrolysed DNP-glycopeptide‘ 3, DNP- FIII
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IN THE ASPARTIC ACID~CARBONYDRATE COMPLEX FROM
OQVALBUMIN AND STUDIIS ON RELATED COMPOURDS

INTRODUCTION

The titration of the ovalihumin glycopeptide having aspartic
acid as mwmaammmumttdtothwtwim;
ieable groups, one corresponding with the cc~garboxyl group and the
other corresponding with the amino group of aspartic asid, The
carbohydrate component would not ba expecied to nske any contrie
bution since all three glm;’uamm residuss are scctylated,

An earlier titration of m glyecopeptide econtaining several other
sning mcide besides aspartic aeid (Johansen et al, 1963) showed the
two expscted ionisations but alse gave some indication that & third
group ionising at a hizh pH might be present. In the experimente
degoribed in this thesis it is this thivd group that has been studied
and asceordingly titrations have been continued up into the pH
rangs 12.0«13,0. In & yecent paper Honigomery, les and ¥u {(1965)
bave also noticed an iemisation in this rangs but have attriluted
it to degrmdation products.

The localisation of this group presented something of & problem
but it was suspectsd that one of the amide bonds in the molecule
might be involved. On this assuaption it was considered worthe
while to examine the ultraviolet spsotrum of the compound in the
region in which the saide bond is known to absorb.

Ley and Arends (1932) cemonstrated that acetamide absorbs in
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the 200 m/\region end five yeare later Magill et el (1937) noticed
absorption below 240 my in peptides. This sbsorption smounted to
more than the absorption of the component snino soids and thay
v »astributeﬂ the excvess to the peptide bonde. Hore recoently Ham and
Platt (1952) have shown this absorption to be & broad band with
B maximum at 185 A which they eomiiﬁ;z-eﬁ corresponded to »
transition. In extending théu studies Saidel and coworkers in &
runber of pepers (Saidel, 19553 Saidel end Lieberman, 1558) bave
investigated the sffect of various substitutions on the basic peptide
chromophore which they represent thusie
Ta i
c N
b

o

-—

They bave shown thet sbsorption of this chromophoreis markedly
affected by the presence of ionisable groups on the various possible
subatitutents, Thus, sn ionised csrboxyl st Z resulis in s consider
able incresse in absorption and if molar extinctions are plotted
ageinat pH en 5 shaped cuxve is produced with an inflexion at the
pk of the carboxyl group., This indicates that the spectral chance
iz not & direct effect of acid upon the peptide link but is an
indirvect effect operating through the earboxyl group.

It seens possidble that a similar change might ke odesorvable
in the glycopeptide in the region in which the ionisation is det-
eoted by ¢lectrometric titration,

In sprelininary expevimsnt it was shown that Ne.acetylslusosamine
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in vator has sn anide atsorption spectrum with & molar extinetion
of 2060 at 205 mji« Before further diseussing the hizh pE of the
glycopeptide it is proposed to consider the bedeviour of Neacetyle
glucosanine In alkali,

m Heaootylslucosanine was sxamined by potentiometric titrste
ion and also Ly measuring the ultreviolet absorption at diffevent
Pi's 4n the alkaline renge, |

in estizate of the molar extinstion was obtsined Ly taking three
weighed amcunts of Hemcetylslucosamine (21.635, £149%0 and 22442 ng)
diusolving sach in water and making up to 1 lityw. Thres specire
of sach solution were recorded end ths extinction of emch ceasured
&t 205 mue The values obtained were 2370j 23203 17603 19103 19204
1980y 208032120 (ome result differed so widely from the rost that
it was not imcluded) ziving & mean of 2060,

Free Reacetyl glucossaine (30.2 ng) was dissolved im spprox-
imately 1 ml of 0a1 H KC1, made up to 1.5 al and titrated with a
glass cleotrode (Fadiomster) using & microeoell of 2-3 ml capecity
through whioh 8 slow current of nitrogen was passed. ‘easurenments
wore oade at 20° and additions of acid or alksli were made with
an Agla miorometer syringe. The ssms Spparatus wes used in all otber
potentiomstric titrations that are descrived. The curve obisined
is shown in fiz. 61 snd the calculations are shown in teble 26,

Spectrophotometrio titraticn was performed at 26° by maldnz up
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8 stook solution of H-avetylglusosamine (233%.4 mg in 100 ml of watexr).
Portions (2.0 ml) of this stook solution were taken and diluted
with 3.0 ml emounts of esodium bydroxide solutions of different
conoentration. The pH of the ﬁaﬂting mixture was measured with
& glass elecirods and & solution of sodium hydroxids of matching
pH was made up for use in the refarence c¢ell. Suprasil cells of
1ight path 0.1 om wers used, A recording speotrophotoneter (Unicam
8¢ 700) was used end spectra were recordsd from about 200 mx to
24C mpe Readings were taken st 218 myand the values were plotted
ageinst pil, The curve obtained is shown in fig. 62 and the csleulstions
are ghown in table 27.
) ‘ i

An examination of the titration curve of Neasetyl glucosanine
obtained by the electrometrio method indicates s pK value of about
11.8, The calmulated value obtained after correction for the conce
entration of hydroxy) ions ond taking the mean of five readings
was 11.76 at 20°, |

The value ealculated fyrom the curve obtained by speetrophoto-
metrie titrution, taking the mean of six vemdings waa 11.65 st 26°,

The moidie properties of the sugars was first noted by Eullgren
(1898) who formulated the resotion thus,

R-0F —— R-0" +H

Hichaslie and Fona (1913) observed that alcohols such as gly-
cerol and mannitol were aleo weakly soidic but to s considerably
lesger degree than the sugzars, Some years later Urblas and Shaffer
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Fig. 61

180 —

140 |

Ml :
N NaCH 6o

pH

Potentiometric titration of N-acetylg}ucosamine 30.2 mg

. Table 26
Calculations of pK

o _ [ra) +{or']
rH [5a] [4 | fou§ —-——& o log K,
10,8 | 0.078 | 0.013 | 0.00043 6.21 0.794 | 11.59
1.2 | 0.065 | 0.026 | 0.00107 2.66 0.392 | 11.59
11.6 | 0.052 | 0.039 | 0.0027 1.51 0.179 | 11.78
11,9 |0.035 | 0.052 | 0.00675 1.01 0.004 | 11.90
12.0 | 0.026 | 0.065 | 0.0085 | 0.610-.-|-0.214 | 11.79
12,3 |0.013 | 0.078 | 0.0135 0.342 | -0s342 | 11.88

Mean value of pKa = 11,76 at 2o°
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0.5

0.4
E217 ’Wl7i/v

0.3

0e2

Spectrophotometric titration of N-acetylglucosamine
Table 27
" Calculations of pK.

dM = optical density of the unionised molecule = 0.105
d. = optical density of the ion = 0.520

I
. d. -4

pH d dI -d d - QM log:§—1?7gg pK
10.3 | 120 400 15 + 1,43 11.73
11.0 175 245 70 " 4+ 0.69 11.69
11.5 275 245 170 + 0,16 11.66
12.0 395 125 290 . - - 0.365 11.63
12.5 470 50 %65 - 0.863 11,64
13.0 505 . 15 © 400 - 1.43 11.57

Mean value of pKa = 11,65 at 26°

e =
e e
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{1931; postulated that the sugars were in fact polybasic acids

and they determined the velues of two dissociation constants for
&lucose, fructuse and sucrose, in the case of the latter compound
they suapected the presence of & third acidic group having s pK
veiue in the region of 14424 Table 28 summarises some of the sugazxe
end other relevant substances and tholr pE values,

It seoms rensonable to attridbute the pxl of the sugars to an
fonieation on the hydroxyl group at C-1 slthough there is little
cozment t0 be found in the litersture on this point. The values
obaerved ( in the region of pE 12) are in quite good syreement
with figures obtained from a comsideration of analogous structures.
Thus the pk of ethanol (16.23 Ballinger and Lomg, 1960) is lowsred
by sbout two pH units 1f & second oxygen atom is linked to the care
bon aton of the primary alooholie group, &8s in the case of the
hydrated form of scetaldehyde which has a pk of 14.2 at 0° (Euler,
1506). A similar situation is seen if the pX of trichlorcethancl
(12.24 st 25°, Ballinger and Lomg, 1960) is compared with the pK
of chlorel hydrate (9.77 at #5°, Gustaffsom and Johansen, 1948).
In this case the second oxygen atom causes & lowering of the pX
bty sbout 2.5 pH units. Eowever the differsnce is sccounted for by
the fact that the pK of acetaldehyds was measured st 0° wheress
the pK of ethanol is an extrspolated value tased on pK's of other
substances messured at 25°,

Furthermore the pK's of ethylenme glycol (14.24 at 19°%, Michmeldis,
19135 15.1 at 25°, Ballinger and Lomg, 1960), glycerol (14,15 at
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Table 28

The pK wvaluen of some weak acide

Substance A ™ Nethed = Reference
Ethanol | 16.2 o - Ballinger & Long (1960)
Mo thanol 15.5 5 w o w
Acstanide 15.1 c Eranch & Clayton (1928)
Acetaldehyde 1442 0 Buler (1906)

Ethylens glyeol 14.24 19 K Hicheelds (AM3)
Glycercl 14.15 1705 E  Uichaelis & Rona (1913)
Erythritol 139 18 H " "

Lemethyl 137 16,519 & noom
glms'ids
pmethyl 13.58 15.5-19 H " "
glucoside

Serbitol 12.6 17, H " "

" 14.14 0 ¢ Thamsen (1952)
" 13.57 18 ¢ "
Iuleitol 13.46 19.0 B Micheolis & Roma (1913)
Hannitol 13.47 17.5 H " "
" 14.09 0 G Thamsen (1952)
n 13.50 18 G "
Glucose 12,18 17.5-18 E  Michaslis & Rema (1913)
" 12.92 0 ¢ Thameen (1952)

-’
e,
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Glucose

Galsctose

Fraotose

Sorbose
Rhamnose
Xylose
Arsbinose
Sucross

.

"

- Haltoss

Lactose
Raffinose

W
1243
12,09
12,11
12,34
12.28
11.97
12.05
12,68
11.7

12.5

11.56
12:2
12,14

12-34'
12.62°

12,60
12.51

12.05
12.22
12674

PRy

15.81
14,10

13.24
13.61
14,18

15.52
13.52

1
16

25
25
17-18,5
17-18,5
17=18.5
18.5
25
25
.4 |
17.5
15.5
18.0
17.0
18,5419
25
1745
17.5
16.5
18.%

Hethod

H&C
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Reference
Thassen (1952)
Urban & Shaffer (1931)
Hirsch & Schlags (1929)
Urben and Sharfer (1931)
Nicheelis & Rome (1913)

" "
" "

Urben & Shaffer (1931)

Birsch & Schlsge (1929)

Urban & Shaffer (1921)

Michaslis (1913)

"
"

Micheelis & Rons (1913)
«  om

Urban & Shaffer (1931)

Eirsch & Schlags (1929)

Michaelis (1913)

Hichaslis & Fons (1913)

" "

B = hydrogen eleoctrode C = conductivity G = glass alsctirods
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17457, Michselis and Rone, 1913) indicate that neighbouring hyde
roxyls, through & combination of inductive snd statisticsl effects,
also lower the pK of sn isolated alecholde sroup by sbout 2 pH
units. Thue the combined effects of these two fastors would give
an expected pK of approximately 12;2 in ths cage of the reducing
sugere. it is not possible to decide if this lonisetion osours in
the straight chain aldehydie form or in the ring form since in
both cases the carbon atom st poaition ) § :I.s' linked t6 two oxygen
etous, that is; the hydrated aldehydic group in the forwer snd the
oxygen of the ring in the latter,

In agreement with the above mssignment are the observed pK's
of theo = and § ~methylglucosides which are about 1.5 pH units higher
than in the free suzer, snd thus correspond more clossly with the
values observed in the sugar slechole and in the ;&2 values of the
reducing sugsrs.

In the cass of E-soetylglucopanine the pK1 ie distinetly lowsy
than in the other sugars (Ly about 0.4+0.5 of 8 pH wnit), an effect
that is precusatly due to the presence of the acetamido zroup at
C2, slthough the difference in the pk's of Nessetylglyoine (3.67
at 20% King and King, 1956) and glyoollis scid (3,63 at 25%; Himss,
1936} is only 0.16 of & pB unit, There is no obvious resson for the
discrepancy in the effect of the mcetanido group imt it 4s possible
that steric factors mey plsy a pert. 1t is however fairly ceriasin
that the acetamido group hes & distinetly greater scidifying effect
than a hydroxyl group on a neighbouring ionisation.
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The titration of AADG

The same exparimentsal f{echniques were used as in the previous
titretions. ‘

For the potentionetric titration AADG (1033 mg) was dissolved
in waler and titrated sgsinst ¥ HCl end K NaOH., The curve obtained
is ehown in fig. 63. |

For the speetrophotometric titration AADG (1.4 mg) was dissolved
in 5.0 ol of water and treated with alkali as previcucly damibgd-
The sbsorption was read at 213 By using 1.0 cm Suprasil cells,

The cirve obtained is shown in fig, 64. -
Th: titration of the tida _

The vame experimental technigues were used ss before.
Glycopeptide (16.34 mg) prepeved by pronsse-carboxypeptidase
digestion and known to contsin sspartic soid as the only amino acid

was dissolved in spproximately 1 ml of O.1 M KC1 and potentiomet~
rically titreted with 0.1 I FC1 and 0.1 X FaOH. The curve obtained

is shown in fig. 65. The speotrophotometric titration is ehown in fig. 66
me titration of the N~bonsyloxycarbonyl depivative of Ne(Lefwaspe

1 ) =Pailu .

The material used in this experimsnt was prepared and kindly
given by Dr. G. 5. Marks, (Marks and Hewberger, 1961).

The substance (73.98 mg) was dissolved in approximately 1 ml
of water and titrated with 1,0 K HC1 and 0.5 ¥ HeOH.

3pec§rophntometrie titration was not performed.
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Potentiometrié titration of AADG
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Figo. 64
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Spectrophotometric titration of AADG
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Fig. 65
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Potentiometric titration of the glycopeptide
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Spectrophotometric titration of the glycopeptide
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The titration of diaceiviethylensdiamine
Potentiometric titration of this substance on seversl occasions

failed to give convincing evidence of any pK in the range accessible
to this method, ' '

Yox the spectrophotometric titwration diaestylothylensdinning
(20,095 mg) was dicpolved in water and made up %o 500 zl and treated
88 desoribed previously., The curve so ontained is showm in fig. 67.

L L 4 tylethyl

Ethylenedianine (40.0 wl) was mixed with & ol of weter and
acetic anhydride (110 ml) was slowly added with cooling under run=
ning weter, The reaction mixture was left at room temperature for
20 nin snd thon evsporated to drymess. The product was tvice oryst-
sllised fyom ethanol to give & substanoe with M., 172-1757.

Results and diseussion

It ie meen fyum the ourves that are obiained from the titretion
of AADG by both the potentiometric and the specirophotowstrie methods
that this substsnce possesses & group with & pX of 12.5« in the »
case of the glycopeptide the curve cobtained by the spestrophotometris
method indicaten & pX of 1.9 tut that obtained by the potentiocmetric
nethod gives the lower velue of 11.25. The ressons for this discrepe
ancy are nol clears It is provably explicable in terms of a differ~
ence in experimental lechnique. It hss not been possible to repeat
the titretions because sufficient glycopepiide of the neceasary
composition has not been availatle,

This type of ionisation and its aasociated spesirophotometric
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changes have not previously een described in proteins ox glyco-
proticine, Howover ihe iconisation of amde groups hes been descyibed
in & wide variety of couspounds erd in some ceses ihe change in
ultraviolet absorption has alsc been inveatigated. The ionisation
conctants of these éubs;tmcea vary ovar & wide yange acsording to
the siructure of the molecule in whioh the amide group is present.
In particular nsighbouring earbonyl groups as in the grouping
;@.ﬁﬁ.c&.ﬁﬁ.co. are responsible for grestly ineressing the acidity
of the substansce,

Thyee questions concerning the third pk of the glycopeptide
arises i) 45 the pK value ikat is ovserved in remscnable agreement
with theoretical considerations derived from analogous struotures,
1i) what is the basis of the epectrsl change amd, iii) what is the
nost likely form of the ionising structure? |

In an sttemapt to answer question 1} it iz ceon from tadle 28
thet the pk of acetamide is 15,1 ané from the discussion on the
p5 of Hescetylglucosamine it has besn shown that the ¢ffect of the
ring oxygen in a sugar is to :eduéa ihe pK of & group on Cel by
about 2 ph urits. Furthermors it gesms that the effect of an scetanido
group as compared with a hydroxyl group ou Ce2 ip to lower the pk
of & group on Cel by sbout 0.5 of 8 pH unif. 1f & further lowering
by an uncertain amount, due to hydroxyl groups iu the uoleculse,
is taken into mccount then the puserved velue of 1l.0 (spestirophoto-
metric titration) is probtably in accordance with expostationss

¥ith regard to question ii), Stuckey, (1947) has investigated



the abeorption apectrum of hydantoin and has drawn atiention to the
possibility of keto-encl tavtomerism in the JC0HH. group having
showm thet the seeond carbonyl group in the JCO.NE.CO. group fage
ilitaten omolie=ation in alkaline sclution. Using the open chain
comounds ncetﬁlurea and hydantoic seid Stuckey hes chown that the
forzer exhibits heto-anol tautomeriem wheérean the latier does not,
- which would pppesyr $o confizm the effect of the second carbonyl
Eroups |
Schauenstein and Perke (1954) mlce working with the hydantoins
heve come to essentially the same conclusions, attributing ihe absorp-
tion ohanges to the =N~ group. With regard to quection 1ii)
1t appeare thet Lo enion is 1ikely to be of the form CeNe

In the cpme of AANC and the glyméeptide & very similar grouping
is found in the linkmco between suger snd awmino #0id, except that
the cecond cerbonyl group is replaced by the xing oxygen of Neasatyle
gluconanine, It also seenm= probable that the acetamido group on C-2
facilitateo tautcmeriestion and ionisation of the emide bond in
the linksge since no ionisation is observed im separtylslucosylsmine
{the nodel compound without the 2eacetamido groun)s

In the caces that have Just been discussed it is clear that the
ketowenol tautomerism and the ionisntion are olosely interrelated
events or indecd diffarmt napects of the eame svent, In the case
of free N-asetylslucosamine however, the spectral changes poasibly
have a diffarent oripin. Thet is, they ars not an expresgion of an
ionisation ooccurring within the amide group but sre & response to
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au ionisation oscurring on s meighbouring carbon stom (ihe hydroxyl
on Cel), Thus there io & spectrel chsnge analogous 4o that investe
izated by Saidel and coworkers wiere ihe changes sre caused by an
ionisation at & distance irom the peptide bond.

Lowever it im aloc possivie that ihe ionicstion occurring in
ithe linkage in the glycopeptide and ALDG hms an elffeci on the sbsorpe
tion of the scetanido group of ihe Eeaceiyigiucosamine in the same
way as the ionisaiion at Cel does in iree Keacetylglucosamine,

it is suzgested toet in glycopeptides of ewitsvle composition
this ionisation et high pH andé ite sssociated speetrml chenges
uizht be of use in detesting the H-ylyvosidic iype of linkage betwasn
Heacetyiglucosanine and aspariic acid.
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SUMMARY

The primery objeot of these studies has been t0 elusidats the
precise natuxre of ihs oheuical bomd linking carbobydrate to protein
in ovalbunin,

As s preliminery to any such studies it was necesssry to pre-
pare a glycopeptide containing only the axino asid (sspartic acid)
to which the carbohyirate is attached., Two snsynic procedures
were used, The first involved the use of a fairly non-apecific
protesse (which is almost certainly s mixture of ensymes) known
_ae Pronase~P whigh is derived from the n‘lcw Streptomyces
griseus, Digestion by this ensyns was followed by substitution of
the free amino group of the glycopeptide by the bensyloxycarbonyl
group and further digestion with carboxypeptidase. This was found
to yield a zlyoopeptide of the required structure, The second enge
ymie procedurs that was investigated involved digestion with papain
followed by digeation with pronase, However this procedure yielded
& clycopeptide containing frastiomal molar quantities of amino soids
other than aspartic seid. It would appear that papsin digestion
gives ® fragment that does mot possess the specificity requirements
for pronase to clesve the remaining ezino scids,

The molesular night‘ of the glycopeptide prepared by the first
method was estimated by messuring the molar extinetion of a weished
ampunt of the Hebenayloxycarbonyl substituted glynopqptldh The
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moler extinction of the bensyloxycarbonyl group was messured for

& number of known compounds and & mean velue caloulated, & velue

of 1570 was obteined for the umsutstituted zlycopeptide which is

in agreoment with the knowh composition of five residues of mannose,
three residues of Ne-asetylglucozamine and ons residue of aspartic
aoid,

The linkege was shown to iavolve the p-carboxyl group of asp-
artic acid by forming the phenylthiohydantoin derivative of the
glycopeptide, It could be dezonstrated that this procedure did
not lead to any clesvsge of;the carbolydrate-protein bond ss would
kave happened if the Iinkaga haé been through the X «carboxyl group.

Although it hase beex fai:ly coriain for & muzber of years that
the linkege was that of an Hwzlyccside there has nsvsr been any
unequivoeal chepioal demonstration of the nitrogen in the bond
since this is relesczed as & mole of sumonis on hydrolysis. The
poesibility of reducing the bond from an amide to an amine by the
use of lithiua aluminiun byéride (LAE), end isoleting the diamine
compound formed from aspartic acid (ssparagine as it is in the
Slycopeptide) was studied.

it was necessary to synthesize this disnine (2,4-dimaminobutane-
l1e0l) for use as & model compound and some mothods of achieving
this have been imvestigated. The reduction of XE-benzyloxytarbonyl-
ssparaging with LAH and the charsoterisation of the products has
been desoribed, The main product was identified ss Ze-anino-2-methyl~
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aainotutans-leol (ANAB)e in alternmsive schems involving the rede
uction of H,li'wdiacetyldiacincbutyric acid methyl ester with lithium
borohydrice bas also been investigated. A brief study of the LAY
reduction of Emscetylumethylglucossninide suggests that the soet-
anido group is reduced to an Nesthyl groupe.

Sinilar yeductions of tle model compound of the linkage (2
acetanidoel~(L-p-aspartanido)«l,2-dideoxy=} ~Deglucoses mq) by
LiH have been made to yield AMAB, For some inmdequately explained
reason the reduction of the glycopeptide camnot be mmde to give
this coupound by the wethod that was suooessful with m&. However
the foymation of the DEP dewivative of the redused glycopeptide
Yielde Qi-DHP«AMAE on moid hydrolysin so dencnstrating the Hegly-
cosidic nature of ihe linkeges. The synthesis of the DIP derivatives
of the model compounds has also been desoribed,

Potentiometric titration of the glycopeptide some yesrs ago
sugaoested t;:a presence of an lonising group in the high salkaline
range. ihis has been more carefully investigated and both potent-
iometric anéd spectrophotometric (using the absorption of the amide
bond) titration curves have besn plotted indicating an asid dis-
sociation in the pE range 11l-12. Similar titx_'ntxona cf AADG gave
conparable results. It was suggested that the site of the ioniastion
was in the carbotydrate-protein hond snd & miﬁmtm of compounds
possessing similayr groupings lent support to this idem. Thus spectroe
photometric titmation of disoetylethylemsdismine indicated a pkK
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of 134, It ia oconcluded that the fonisation involves the release
of & proton {rom the imine group in the earbohydrate-~protein linke
age, '

Froe Y~-scotylelucosanine was also titrated by both methode and
K values of 11.76 at 20° and 11.65 at 26° wers obtained, This
iondcation lmz beon assi:med to the hydroxyl et C-1 and its low
value in comparison with oiher sugavs is in agreecent with the
known acidifying effect of & neighbouring aceismido groups
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Elenentayy analysis of dili-scetyldisainobutyric asid
Reguires; Cy 4755 Hy 605933 By 135095 Oy 5keTs
Founé, Co 4713 Hy 64713 By 348} Cy 32,0,

Elensntary analysis of di-Ji-avstyldianinobutyrio acid methyl ester
Esquires, €, 5G.0p H, 7&36‘ Ny 1503 0, £5,6.
Found , Cy 49463 Hy 64973 Hy 135+3) Op 3041
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List of infrared spectra

P I oxalate 1 (1)
F II oxalate 2 (1)
F III oxalate 3 (1)
F II (free) § (1)
2,4 -dtaainobutyric soid HC1 5 (1)
Diacetyldtaminobutyric acid 6 (1)
Diacetyldieminobutyric acid methyl eater 7 (1)
P I oxalate 6 (1)

P II oxalate 9 (1)
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