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ABSTRACT

E!ectrophoresis on cellulose acetate membranes and in agar,
in coniunchon with the use of a starch gel substmte plate for detecting
a=-amylolytic activity, differentiates o total of at least eight isoenzymes
of human a~amylase.  The tissues investigated were pancrecs, salive,
milk, jejunum, ovarian ;:yst flu-ld ond urine,  Ecch tissue possesses
a distinctive Isoenzyme sh'ucture. |

A two-step procedure ustng DEAE Sephudex ond Sephadex
G 75 was employed to purify the pancreatic, solivary and milk
iscamylases. A method was also discovered capable of separating
urinary pancreatic from salivary amylases.  The behaviour of pancreatic
and urinary {soamylases on Sephadex and polyacrylamide gel columns was
studied.  The molecular welght of a pancreatic iscamylase, P2, wos
determined by gel filtration, .

The hydrolytic action patterns of several purified Isoamylases
on amylose and amylopectin we;'é compared.

Fairly monospeciﬂé aﬁﬂsem dgolﬁst purified pancredfic,
salivary and milk isoamylases were érepared inrabbits.  Immunodiffusion,
immunoelectrophoretic and Inhibition studies were carried out with these
antisera.  The precipitin reaction with a~amylases from some non-human

sources was examined.



Human salivary and pancreatic a~amylases exhibit
differences in kinetic as well as immunological properties.
These isoenzymes could not: previously be distinguished by these
" parameters.  No -d}fferences; howaver, could be found between
rormal urinary pancreatic amylase and that from the urine of a
patfent with caute pancreatitis.

A simple technique was worked out to assess exocrine
“pancreatic function by utilising the ratio of the amountis of |
urinary pancreatic to salivary isoamylases.  This ratio was

-applied to a clinical siudy with encouraging results,
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CHAPTER ONE

The Study of Human Alpha-umylaseé - some
preliminary considerations

!r;fmduction

Aléhc—amylc;ses form a group of enzymes from varlous sources
which cafulyse the cleavoge of fhe glucosid!c linkages of storch
(omylum) and sfarch-like subsfances. I!' has been nssigned the
code number 3.2.1.1, by the Enzyme Commission of 1964 (Florkin
and Stotz; 1965).  The systematic name of al,4 - glucan 4
glucanohydrolase is descriptive of its action.  The enzyme attacks
the internal al;4 linkages in an apparently random manner and the
reducing hemiacetal group liberated by the hydrolysis is in

a-optical configuration (Fig. 1).
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This action is attended by o remarkable decrease in the viscosity
of the starch subsirate, together with the appearance of new
reducing substances.
p-amylases break every alternate glucosidic bond to
produce maltose; y-amylases cleave every glucosidic bond to produce
solely glucose. Both of these amylases are capable of aﬂﬂéklng the

polysaccharides only from the outer chain ends.

Cecurrence | | _
Alpha-amylase is an ubiquitous eﬁzymei T:he firsf
description of clpha‘@myiolyﬂc actlvity was repqrted by
Kirchoff in 1811 when he noted that wheat extracts exerted a
digestive action on starch, Subsgquenﬂy the enzyme was
discoverad In bucteriq; moulds; plants and animals.  This
review is mainly concerned with humen a~amylases,  In
passing we note that the name ‘diastase* was first applied by
Payen and Persoz (1833) to the enzyme from malt because of its
power of separating ’sbluble dextrins from the insoluble enva!opes
of the starch gralns, from the Greck word ‘diastasis' meaning

‘separation.'  This ronm came to be applied to enzymes generally

9.
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but has fallen into disuse, except, rarely, in denoting urinary amylase

(for example, Sachar and Weinhaus, 1956).

General properties of alpha~amylases

All a-amylases investigated have been water=soluble profeins.
The mammalian enzymes have molecular weights of about 50, 000,
The amino=acid composition of several cr’y'stall‘ine a=amylases -
human saliva, hog pancreas, Bacillus subtilis and Aspergillus oryzae -
have been worked out and show a rather average amino acid composition
compared with most proteins (Fischer and Stein, 1960).  They have
high extinction coefficients at 280 my attributable to their rich
content of tyrosine and ﬁypfophdn. So far all the enzymes
investigated have given no indication of free sulphydryl groups.
Substances like phenylmercuric chloride, p-mercu;ibenzoafe and
iodoacetamide do not inhibit the enzyme.  Schramm (1964) reported
that hog pancreatic amylase contains masked SH groups which appear
to be requifed for high ehzymaﬂc activity.  The groups could be

exposed by EDTA, a chelaﬁng dgeht.

The role of caleium

Calcium ions both stabilise the enzyme molecule against



protéolytic attackkc‘nd keep it ina éonf!éﬁ?ﬁtioﬁ necessary for
catalytic activity {Stein and Fischer, 1938; Vallee et al., 1959).
Native a-amylases are completely resistant to a variety of
endogeptidases. Ca't MgH, 'Bu++, Mo ard NiTT are all
effective in this proteéﬂve action, though not all to the same
degres.  a~amylases are rherefbrg'ddﬁiibbiy suited to function
in systems rich in proteases,

When very dilute solutions of omy!aSé .(?0?7N\)¢from'various
sources were exposea to molar excesses of EDTA of the order of
10, 000~ to 100, 000~fold, the enzyme was inhibited to 50% of
the control value within approximately 2 hours (Vallee et cl,, 1959).
Addition of Ca' jons, in excess of the concentration of EDTA,
resulted in an immediate and complete restoration of activity of
the enzymes, demonstrating a complete rever;tbllfty of the
‘inhibition. | Starch exercises a preventive effsct on amylase
inhibition by EDTA.  This was observed by Vallee et al. for human
salivary amylase: it was first noted by Yamamoto (1956) for bacterlal
amylase.  This may be interpreted as indicating that the formation
of the enzyme-substrate complex results in a tightening of the

configuration of the amylase molecule, which, in furn, strengthens

11.
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the binding of the metal.  Alternatively, smrcﬁ and EDTA might
interact with the emylase molecule through a caicium atora,

Using chelation as well as electrodialysis to remove calcium
Hslu and co-workers (1964) have confirmed the findings of Vallee and
his group that liuman salivary amylase requires at least 1 gram-atom of

caleium per molecule of ‘enzyme for full activity.

Tke role of chloride

Mammalian umylcseﬁ have a Mgh afﬂﬁlfy for chloride fons
and are dependent on thein for ac’ﬂ\.my. Humun salivary umy?cse
réuc‘has maximum enzymic nctivfty with 0.0IM CI” (Muus, 1953).
Actlvation by other monovalent ions is also well~known, the order
being CIT B~ I".  Fluoride tends fo inhibit the enzyme by
dépleﬂng it of calclum fons. Ele;:trophorefic mobmﬂes show that
Sdl&cry amylase carries more negative charges in tﬁe presénce of
éh!oride ions than in the presence of the same coﬁcentrution §f ncetﬁfe
‘ioﬁs which do not ocﬂvate} this has been token as evidence for the
combination of CI” with the enzyme (Muus, 1953).  Cn the other hand,
the binding sites for chioride r}nusf be dlffe;l'enrfrpm those involved in the

formation of the enzyme=substrate complex, since the Michaells constant



for the latter Is unaffected by either the noture or the concentration of
the anions nresent (Ono_ g_i;gl_., 1958).

Muus (1953) has reported that recrystaitisation of hghnn
solivary amylase could be enhonced by chloride fons in high -
concantration (0, 1M). - When Co' " and NfH' jors wera used to
| prbn%ofe crystallisation, no further beneficial effect could be chserved

" upon the addirion of chloride fons (Valle et al., 1959).

Amylase inhibitors

{a) Exogenous
The Inhibition of amylase by EDTA and fluoride have been

mentioned,  Whiicker ot al. (1962, 1962a) investigated the effects

of large concentrations of relatively innocuous reagenis such qu alcohols,
carbohydrates, surfocionts, thickeners and salts on hog pancreatic
amylase activity.  They found that alcohols inkiblt amylase

activity in the decreasing order of ethanol, isoproparnel, propylene
glycol, glycercl, ethylene glycol and methanol. There is @ linear
relatlonship between the é?fect of the alcohols on the dlelectric constant
of water and thoir effect on amylase activity,  Urea, glycine and
saccharin are only inhibltory at high concentrations,  Anionlc and
non-lonic surfacmpt# and methyl cellulose have very little effact on

amylase activity.

13.
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In relatively high concentrations cations inhibit amylase

I decreasing order of L3+, Na+, NH4+, Pb'l',i- Cs and K* and anions
3., SO 4", Br and CI,

Inhibition is directly proportional to the square root of fonic

in decreasing order of I, F, NO

strength.  There appears to be a general relationship between the
degree of inhibition of activity and the radius of the hydrated fon.
This work is complementary to that of Urata (1957) who studied the
action of milfimolar quantities of some forty kinds of inorganic salts
upon the activities of various purified amylases previcusly deionised
on a special column,

Of special interest is the Inhibition by carbohydrates which
decrease in the order of disaccharides, sugar alcohels and mono-
saccharides.  Maltose Is the most Inhibitory of the carbohydrates
tested, about 60% of the actlvity being inhibited by 0, IM maltose.
 In wheat and certain other foods amylase inhibltors ﬁcve been
discovered and purified (Militzer et al., 1946); the use of the,se‘
potent substances in combating carles is currently under investigation

(T urner, 1964).

(b) Endogenous

Indirect evidence for the existence of an amylase inhibitor
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in serum was presented by McGeachin and Lewis (1959) and Dreiling
;;:nd his colleagues (1959). ‘They comfnén!*gd on the apparent
disparity between total amylase activity obhihéd by the addition of
the actlvities of different electrophoretic fractions of sera and that
" obfained from amylase determination performed directly on whole
serum.  They postulated an inhibitor in:normal serum which was
removed during the process of electrophoresis.  The 'disparity’
. mentioned above has turned out to be artifac}iuai and Is explainable
- on the basis of the decolorising effect that préfeins have on the starch-
ijodine complex (Wilding, 1953;. Hayashi et al., 1966).

Te dismiss the possibiliry of the existence of an in vive
inhibitor would be precipltate because of evidence from other directions,
‘albett of an inferential nature. - It Is quite reasonable to suppose that
in the wide range of carbohydrate~containing substances in the body
there may be some capable of competing with the natural substrate for
the binding or catalytic sites of amylase. It is not essential fora
competitive Inhibitor to possess an a~1,4 linkage.  Although a~amylases
have no action on 1,3 or 1,6 linked a~D-glucose residues, it is now clear
that they are not completely specific for al,4 glucosidic linkages (Bines
and Whelon, 1960). | Various workers (Wilding, 1963; Gelotte, 1964)

and we (p.50 ), have encountered trailing of amylase when chromatographed



on Sephadex columns.  This is probably due to interaction between
the enzyme and the gel-matrix in view of the similarity in structure
of starch and dextran (Geloffe; 1964).  Another piece of evidence
pointing to such interaction appears in the work of Wilding‘ etal,
(1964).  They reported a pnfient in whom the serum amylase had
an electrophoretic mobility distinctly different from ncrmc!; and

furthermore demonstrated that this was due to the binding of the

enzyme to a paraprotein, IgM.

Historical and gencral survey of human alpha-amylases

The presence of a starch-splitting enzyme in saliva was
first demonstrated by Leuch%m (1831).  He ascertained that starch
gradually dissolved when it was mixed with saliva, It has been

shown that there is no significant difference in the amount of amylase

secreted in the saliva of the adult male and female (McGeachin et al.,

1965). It was not until 1845 that a similar enzyme waos recognised
in the pancreas by Bouchard and Sandras.  The following year
Mangendie reported its presence in the blood.

Cohnheim (1863) detected amylase in urine.  Eventually
amylase was reported to be found in lymph (Rohmnn; 1892),

pericardial fluid (Carlson and Luckhardt, 1908) and in faeces (Brown,

18.
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1914). Hepatic bile was sald to be devoid of amylase (Popper; 1933)

" and if detected in this fluid was the result of an experimental llgc;fién
of the pancreatic ducts (Zucker; 1932) or from pancreatic reflux (Colp
and Doubilef;, 1938).  Human milk was found by Kutiner and Somogyi
(1934) to confain substantial amounts of amylase.  Somogyi (1941)
could not find the enzyme in the cerebrospinal fluid nor in the liver.
He was not able to extract from the liver amylase in quantities greater
than would correspond to the enzyme content of the extra~cellular
fluid.

Green (1957) demonstrated that cysts associated with human
Fallopiun tubes or 'tube~like' epithelium of Mullerian and mesonephric
origin have an amylase content 10 to 700 times greater than the normal
serum; using a saccharogenic method of assay.  Very much smaller
amounts, about 20 Somogyi units per 100 ml,, were reported to be
present in semen (Povea, 1963),

Little wos known as to whether the intestines possessed any
infrinsic amylolytic activity. A claim wos made that amylase-
producing bacteria had been cultured from an inflamed human appendix
(Burnett and Ness, 1955). It was left to Thomson (1945) to show that
an u-umylase; and indeed a y-amylase; were demonstrable in the

epithelium of the small intestine.
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Plasme: amylase = its noture and the regulation of ifs level

Under physiological conditions it is not known for certain why
componenis of exocrine secretions should appear in the blood.

Janowitz and Hollander (1951) postulated an ‘exocrine-endocrine’
partition of digestive enzymes. By measuring the amount of pepsinogen
in the lumen of the stomachand, simultaneously, its clearance by the
kidney, these workers concluded that 1% of pepsinogen found its way
into the blood under basal conditions.  The interprefation of a partition
is not universally accepted and Hirshowitz (1957) has argued that the
plasma enzyme may be derived from disintegrating cells during the
normally rapid turnover of peptic cells.

Cohen (1925) studying variations of blood and urinary amylase
in relation to meals, suggested that the pancreatic enzyme is reabsorbed
from the intestinal tract into the blood=stream.  Direct experimental
evidence appears to invalidate this hypothesis. ~ When large amounts of
amylase are fed to animals no rise in blood levels of the enzyme was found
(Zucker et al., 1932).  Accidental pancreatic fistulae in man Is not
atiended by o drop in serum cmylase levels (Henning, 1930).

Experimental wér!{ in aniniais and man hos implicated three main
routes of entry of puncreatic énzymes into the peripheral circulation. )

These are venous (Popper and Necheles, 1940; Howard et al., 1949),
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lymphatic (Egdahl; 1958; Dument et al., 1958); and peritoneal (Keith
et al., 1950), A fourth oceasional foui‘e of aksorption was demonsfrqfed
for pancreatic amylese by Popper (1940) Thi.s is via tﬁe Biii?xry sysfe}n
of the liver and it was suggested fhaf high blood levels in some pahents
with ocute choleh?hiasls may be secondary. to such hepctobsliory
rf_egurgutuhon, E -
Accerding to Somog)lri (1941) serum amylase is obsent in the
newborn. It first appears usually at two months and can be estimated
quantitatively at three monfhs, reaching a normal level in about one yeo;.
Pancreatic secretion is not well established in the first year of life
(Janowitz and Drelling, 1963).  After this; for any one person, the
level of amylase tends to remain relatively constant.  Recently Burt
and McAlister (1966) examined the amylase content of maternal and cord
blood and found the latter to contain about 20% of the average maternal
values.
The normal adult range of amylase activity in serum is
80 ~ 180 Somogyi units (Wootton, 1964).  Henry and Chiamori (1960)
discovered a significant sex difference in the normal adult range.
Myhie and' Shashua (1966) carried out esﬂmaﬂons of serum amylase,
serum hpqse and unnury c:mylase on Fourteen healfhy pgm‘e and found
no diurnal variation in thelr fwo-hou;'lvy sum;aies; A Thxs ;s in contrast

to the findings of Cohen (1925).



At present the picture of the physiological regulation of
plasma amylase is unclear because not all the sources contributing to

the maintenance of the plasma level are known, nor, in fact, the full

function of the enzyme inman.  An indirect approach to the problem

has been made to study the fluctuations of serum amylase levels in @
variety of diseases. | Several valuable review articleson this aspect
are available (e.g. Somgy;; 1941; Webster and Z?ev'a., 1962;
Janowitz and Dreiling, 1963).  This approach has not proved
particularly rewarding,  Apart from the well=-known elevations of
serum amylase in pancreatitls, sialitls, billary~tract disease and some
forms of gastrointestinal disease, other conditions known to affect the
enzyme level include cerebral trauma, pneumonia, bronchogenic
carcinoma without metastases and staphylococcal enteritis.  As may
well be expected, there Is evidence for a correlation between carbo~
hydrate metebolism and normal plasma amylase regulation.  Reld and
Myers (1933) found the blood amylase in untreated diabetic patients to
be higher than in normal subjects, but within normal limits in diabetic
patients treated with insulin.  The studies of Finn and Cope (1963)
on the Incidence of raised plasma amylase in diabetic coma appear to

confirm Reid and Myers' findings.

20,



A study of the effects of drugs, hormones and other substances
on plasma amylase constitutes another approach to the problem. This
was begun in earnest only inthe mid-1950s and owed much to the work
of Dreiling, Janowitz and thelr co-workers.,”  Normal and diobetic
subjects wifﬁout evidence of abnormal pancreatic function were chosen
for a study in which gluccse‘; fruc’tose; ingulin alone or with glucose,
glucagen or tobultamide were given to these subjeets.  There was a
prompt and significant drop (minimal 40%) in the plasma level of amylase
which disappeared in two hours.  Intravenous ACTH and cortisol
resulted in g biphasic reaction:. a fall in plasma omylase level for -
approximately two hours followed by an increase above normal level,
associated with a modest rise in plasma glucose (Dreiling et al., 1959).
Subjects with hepatocelluldf disease gave a less marked biphasic
response.  In fact, Pfeffer and Hinton (1957) had observed that the

continued administration of ACTH or cortisol resulted in elevated plasma

amylase levels,  This can be interpreted as a predominance of the second

stage of the biphasic reaction. .

Epinephrine Induced a marked rise In plasma amylase level
(Dreiling et al.,, 1953),

The experimental results quoted above suggest that the plasma

amylase is adjusted in response to carbohydrate metabolic requirements.

21,



Species variation

Tﬁere isa f:a‘irlyl Mﬂe sp;ecies v.ari'aﬁoh fn the way mamﬁmls
| exercuse a physiologlcal controi on omylase levels in their body fluids
and in the propemes of the enzyme of different species. DOQs and
rats upparenﬂy do not clear nmylase from their blood as \;\lell as manl
50 fhot blood concentr ations may be of the order of 1000 o 300 units
of ui:ﬁvify per 100 ml.:, while urfne oonmins no or very miﬁufe amounts
of fhe enzyme (Sachmr ond Weinhuus, 1956) . Porcine paﬁcrecs
contoins considerubly Iarger quanﬂﬂm of amylase than the bovine
| organ (Demuelle and Rovery, 1961) " Considerable varlaﬂom in the
dish'ibuﬁon of amylase in exfmpancreaﬂc and exfmsa!ivary tissues of
‘several mammalian species were found by McGeachin and hus co~
workers (McGeachin et al., 1958~ McGeachin cmd Potter, 1960)
Comparoﬂve studies on the electrophoreﬂc mobﬂmes of serum omyla«es
of eleven species of mammals includmg Fa, hcve revealed marked
| ‘d!fferences (Hayushi er nl. . 1966)

Results obmined fmm experiments wifh ammuls, or their
enzymes, can therefore be opplied to man only with cauﬂon,

depending on the nature of the data being extrapolated.

22.,
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CHAPTER TWGOC

Electrophoresis of Human Alpha-amylases

General considerations

The abillty of a protein molecule to migrate in an electric

field depends primarily on its net electric charge, but size and shape

of the molecule also exett their effects.  Depending on the medium

| in which electrophoresis is carried out the electro~osmotic flow of the
solvent also modify the rate of migration of a protein.

By a judicious choice of operating condiﬂom;, such as the
qualitative composition of the buffer; its pH and lonic strength, 6 great
variety of proteins can be separated from each other.  Electrophoresis
has proved to be a valuable analytical procedure in the study of
isoenzymes.  This aspect has been reviewed by Wilkinson (1965);

a helpful manual on the techniques of zone electrophoresis is that by
Smith (19560).

Diethylbarbiturate buffer of pH 8.6 is frequently employed
with varlous media. At this pH most proteins corry a strong negative
charge and migrate towards the anode.  This is an advantageous feature
in so far as humon a-~amylase is concerned because it moves towards the

cathode. It is therefore separated from many other proteins, except



24,

some of the immundglobuﬂns and some enzymes like ribonucleate and
lysozyme.  Increasing the pH only encourages the denaturation of
proteins, lonlc‘st‘rengths of 0,05 = 0.1 are used Becouée at higher

* concenirations conductivity of the buffer causes undesirable heating
- through the Joule effect. A high jonic stréhgth also depresses the
jonisation of charges on proteins (p.68).  There are two other
properties which make 'fhe'vba}bi"hirafe buffer useful, ’Béihg.: monovalent
" the barbiturate anion inferacts minimally with proteins. Artefacts
such as have been observed wifh borate jons are avoided (Cahn,. 1965).
© Cann shows that bovine serum albumin can ine two to fhkée:zones on
cellulose acetate. - Thesé arise from Interaction with the phosphate~
borate buffer used and are.not indications of true hefterogeneity. v
Furthermore; ‘barbital jons being voluminous tend fo migrate slowly in

an electrie field. Conduéﬂ\?if)} and heat arising from the Joule

- effect is kept down,

Review of electrophoretic studies on human alpha-amylases

Free~boundary, paper and cellulose acetate .
electrophoresis

(a) Human amylase from sera.and other tissues,

One of the earliest electrophoretic studies was that of



N’%qus (1953).  This author crystallised salivary amylase and subjected
:f’ to free-boundary electrophoresis., obtaining, in most experiments, a
dcé,:uble peak.  Muus also stated that "there was Indication of small
m}&noums of still faster moving material.®  This is probably the earliest
réference to isoenzymes seen electrophoreticolly.
| McGeachin and Lewis (1959) and Dreiling et al. (1963)
iéactiomted serum using paper electrophoresis.  They concluded that
éoncreaﬁc amylase was found in the reglon of the y-globulins and that,
virith smaller amounts associated with other protein fa‘«:ﬂ:ﬂoms;r the next
icrge region of enzyme activity was in the albumin. region.  The
v’;nference was made that the liver was probably the source of amylase
| ‘;:ssociated with albumin.  In foct; Dreiling and his co-workers made
';:ottempts to identify a‘; a, and P globulin fraction amylase with enzyme
' derived from salivary glands, intestines or oviduct (McGeochin et al.,
1958).  These were; in the opinion of the authors, inconclusive. |
Up to this time the detection of amylase activity depended
mainly on cutting segments of the electrophoretic strips and estimating
| their enzyme contents by the method of Van Loon et al. (1952).
Alternatively the entire strip wos incubated in contact with a plate of
agar gel containing starch, a method first used by Baker and Pellegrino

(1954).  Both techniques are really variations of the amyloclastic

25..



principle.  Meanwhile several groups of workers adduced evidence for
the interference with the colour reaction between tedlne and shrch by
protein (Walding, 1963; Pimstone, 1964; Neumunn 1964) by increqse
in pH (Pimstone, .1964; Theodor and Birnbaum, 1964), and, perhaps, by
dilution (Theodor and Birnbaum, 1964).  In 1965 two systematic studies
on the interaction of human serum protein fractions with the starch~iodine
complex appeared (Wilding, 1965; Search et al., 1965). Both studies
poinf to albumin as béing pcsrﬁc‘ulcrly responsible for reducing the colour
6? the starch-~lodine complex.  Wilding concluded fhot.on electrophoresis
human serum amylase migrates cﬁly with the y-globulin fraction and that
previous reswlls obmiﬁed by sorﬁe'mmers using amyloclastic methods for
invesﬂguﬂﬁg the éub[ecf are invalid.  Following fhése findings,
| sacclﬁrogenic methods -for estimating electrophoretic and chromatographic
distribution of human serumb.omyiuse were developed (Wilding, 1965;
Ujthara et al., 1965; Rahman, 1965).  Ujihara ond his colleagues (1965)
have re~evaluated the distribution of hunﬁﬁ sérum'tséamyluses aﬁd canclude
that @ muiorlly of the saccharoganic activity in normal and certain abnormal
/spaumens resides with the y—-globullns.
Intensive research into the electrophoretic an& immunological
, prdpétﬂes of human sallvary comp;onenfs have been.un‘de'mken' during the
past few years,  This work has béen reviewed by Ellison (i964) and
Mandel and Eltison (1965). |



(b) Urinaory amylase

In coniunction wlth Sephadex gel llltmﬁon ol" urine
| Wilding (1963) sub|ected eluate fractions wnh the hlghest level of
amylase activity to paper electrophoresis. By usjng the starch-agar
plute fechnlqué of Baker cmcl Pellegrlho (1954) he show’ea lhul urine
had murkecl umylolytlc achvlty ln the slow y-glcbulin reglon. |
| ;Delcourl and Delcourr (1953) using puper and Delcourt et al (1964)
using cellulose acetate failed to detect any lsoenzymes Frunzml
(1965) and Franzini and Moda (1965) were able to demonstmfe lwo
amylelytiz enzymes In urlne. A main peak, due to the pancreas,
cppecred in thé y~globulin zorle lri mrmul urine and a secbndvco‘nﬁguous
minor peak, ln contrast to eurller l’lndlngs, in lhe B—globulln zone,
The authors fhoughf that the orgumc source of the minor peck was
perabably the liver, as urines from poflents with acute hepatitis showed

increases in this isoenzyme.

Starch, agar and polyacrylamide gels
Understandably storch has not been favoured as a medium for

electrophoresing amylases since it is attacked by the enzyme. ~ We know
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of only one report of starch gel being used for this purpose (Hoerman, 1959).

This author managed to suppress much amylolytic activity by acetone
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precipnuﬂon of the salivary enzyme by employmen? of o chloﬂde-free
buffer and by currymg out the separoﬂon in the cold “

The year 1964 saw o proliferaﬂon of elech'ophcretic studies
using agar gel, p:oneered by those who were mveshgchng animal
umyleses (K;kkuwa und Oglm 1962 Sick and Nielson, 1964;
Poort and van Venrooy, 1964). A paper from the lnsfifufe of Genetles,
Copenhagen, showed conclusively the electrophoreﬂg mn—-idenﬁl'y of human
salivary and puncreahc amylases (Norby, 1964) Human salivury amylase
itself was shown to be pluml in number. This point wos cnnﬁrmad by
Muus and Vnenchak (1964) on polyacrylomide gel electrnphoresis of
crystalline salivary amy!cse.

This review dates up fo March 1965. Tw&poinfs weré
opparent at the time. Ffrsﬂy little attention appears to have been paid
to human pancreatic amylase isoenzymes; and none af all to those of other
ﬁssugs; such as milk; intestinal mucoso end ovarian cyst flvid, ‘whose
existence wére proven.  An electrophoretic study would not only be of
interest in ttself; It would also provide clues on how to purify some of
the Isoenzymes. Second!)f, we felt that the o\;alloblé methods for
visualising amylolytic actMty were not satisfactery, the mﬁin objection

being that they were not specific for a-amylolytic activity.



Exgerimenial

Materials

Electrophoresis experiments wers carried out on cellulose
acetate strips or agar gel (lonagar No.2).  Both these materials were
purchased from Oxoid er.; London, S.E.1.  Chemicals used were
ANALAR quality from British Drug Houses Ltd.; Poole, England.
The barbiturate buffers were made from luborcl-t;ory grade reagents.
Starch=hydrolysed was obtained in a 2 kg. quantity (LOT 227-1) from
Conucught Medical Research Laboratory, Toronto, Canada.

Apparatus for vacuum ultrafiltration conzisting of collodion
thimbles with glass holders was supplied by Sartorius Membranfilter
GmbH, Goﬂingen; Cermany.

Tissues were obtained post-mortem as fresh as possible.
These included pancreas, salivary glands, liver; jejunal mucosa;
ovarian cyst fluid was obtained from the operating theatre and saliva
fron..staff members.  The diagnostic laboratory of the Department of
Chemical Pothoiogy; Hammersmith Hospltal; was our source of sera

- and urine specimens.

Method

(a¢) General

The tissues were homogenised with chilled saline (0.9%)
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in an ATC-MIX for 2 minutes.  The homogenates were centrifuged
at 10, 000 g for 20 minutes in the cold room to obtain a clear super-
natant.  Samgzles app! {ed to clectrophoresis strips were appropriate
dilutions of the homogenates with barbiturt;xfe buffer.  Urines were
filtered and concentrated o 1/20 their velume by ultrafiltration,

All specimens were deep-frozen till used.  Where possible amylases
purified by chmmctogmphy; described in Chapter Three., were ured

in the experiments.

Initicliy cellulose acetate was the medium employed.  lts
resolving power is not as fine as that of agas, which bacame the medium
of choice.  Resolution was further enhanced by the use of a Wieme
apparatus (Wieme;, 1959). . The essential features are the high fleld
strengths that can be applied and the cooling of the agar slides by
being immersed under petroleum ether (B.P, 30 - 40°C) in a stream of
air bubbles,  The temperature of the slides can be kept at below 10°¢C

automatically.

(b) Making the uQ&r slides

o One per cent agar was made by heating 10 gm. of agar in
a litre of barbiturate buffer of pH 8.6 and ionic strength 0. 05.

5 ml. of 5% thymol in isopropancl was added as a preservative.

Molten agar was allowed to gel in 6" Petri dishes to-form a
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hydrostatically level base.  Gn this were placed 4 clean microscope
slides. 33 ml. of molten agar was fhen.poured into the dish to
produce a height of about 2 mm. of agar over each slide. ~ When

set the slides could be cut out with a scalpel, their edges rrimmed;

and were ready for use.

(c) Application of sample.

Samples of 2 pl. were applied to cellulose acetate sfrips
in the conventional manf;ér; by streaking with a fine pipette.

Each agar slide carried 2 sample slots placed 1 em.
away from the mid=line towards the side of the anode.  The slots
were made by inserting the short side of & 6 x 10 mm. strip of
paper {(Whatman No. 3MM) into the agar and allowing the buffer to
creep up by 4 = 5 mm. before withdrawing the paper. Samples of

2 pl. were applied In each slot.

(d) The electrophoretic run,
For cellulose acetate an electrophoretic run of an hour
was made at 200 volts and 0.4 momps per cm. width of foil.
Conventional runs with agar in a Wieme apparatus ot
200 volts and 20 mamps per slide would require only 20 minutes.
For better separation of the isoamylases our running times were
regularly an hour, and is the reason for placing the sample slots

more towards the anode since amylases move cathodally.



(e) Visualising the zymogram

Instead of agar-cum=starch used by previous investigators,
the substrate was a brand of hydrolysed starch used for electrophoresis.
This starch made up --with buffer in a concentration 0.5 gm. above
that recommended by the manufacturers (10. 2 gm. ) provided a gel
of sufficient consistency to be cast by thin-layer chromatography
apparatus on gf;:ss plates (Shandon Scientific Co., Ltd.; London,
S.W.7).  The thickness setting on thé spreader was 1 mm, ~ When
cﬁol ”the gel sl;rfvni;s sf Ightly ond tufns tra'nslyucent. Plates may be
conveniently sfored in plastic lvunch boxes with polythene bottle caps
as sbocers between the plates. A wad éf cottén wool soaked in 5%
thymol solution included in the box §s§ useful preccuﬂ;m against the
growth of moulds on the starch. |

The buffer was Michueliﬁ'.barbital sodium acetate buffer,
pH 4.9, containing 0. 06M ('ch(!l2 to activate and protect the amylase.
Being phosphate-free it was a guard against phosphorolytic digestion
of the starch gel.

Cn completion of the electrophoretic run cellulose acetate
strips were carefully low‘e_red on a starch plate, aveiding trapping air

bubbles.  Agar slides were treated in the foilovsing manner.
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Cellulose acetate strips, cut to size, were laid on the agar to abtain
an imprint of the zymogram pattern and then transferred to the starch
plate. I am grateful to Dr. J.R. Hobbs for instructing me in this
pmcedure. |

At the end of an hour's incubation at 37°C the strips were
lifted off and the plate stained In a bath consisting of 50 ml. working
fodine solution used in amylase estimations .(Woormn; 1964) and 60:.;11!.
absolute aleohol. . The alcohol toughens the starch film by
precipitating it.  When the undigested background was uniformly
purple and the digested bands stood out clearly on viewing against o
diffuse light source, the wash was terminated.  After dryling a few
minutes in air, the plates can be photographed or scanned (p,. 140).
Cur criteria for the p;esenc;_ﬁf amylolytic activity are that there should
not only be a deca!o;i;@:ﬁon of thc;stdrchw.iodine complex but also an
ixidehtution of the "stu‘ri:H”smface. This is best seen on viewing the
gel surface at an obl!qpe angle agoinst the light.  This very |
effecﬂve!y‘elimimtes artifactual 'bands’ seen at sites that are merely

impregnated with proteins.

Results

On cellulose acetate electrophoresis it was observed that

urine contalned two main Isoamylases, as revealed by thelr digestion



of stqrcﬁ'ge!. The faster moving component appeared fo have the
same mobility as the main band obtained from saliva and salivary
gland extracts.  Extracts of pancreatic tissue and poncreatic juice
produced a band with the same mobility os the slower band of urine
(Fig. 2).  Fig, 2 shows the relative positions of purified salivary®
and pancreatic iscamylases. -

In one experiment the two bands of amylase from urine and
the single bands from saliva and poncreos were cut from the
electrophoresis strip, using portlons of the same strip which had been
developed on starch plates as markers.  The isoenzymes were eluted
out with the buffers described below, concentrated and re-electrophoresed.
Two different buffer systems ware employed: TRIS-glyeine at pH 8.6 and
TRIS-EDTA=borate of Aronsson and Gronwall (1958).  The relative
positions of the bands were retained.

Urirary pancrectic amylase wes increased In patients with
acute pancreatitls. = 1t was quuntitatively less In most patients with
deficient exocrine pahcredﬂé-'r'ﬁnﬁﬂon. Patlents with mumps had
increased urlnary salivary amyluse, ) A more detailed study of ..

urinary isoamyloses forms the subject of Chapter Six of this thesis.













































































































































































































































Fig. 21

Immunodiffusion plate with rabbit antiserum AP2 In
the central well and various purified human lsoamylases
in the peripheral wells.  These ore the pancreatic

- isoamylases P1, P2, the salivary S, and milk M,

groups of Isvumyicses, and normal poolad urine, U.
There 1s complete fusion of the precipitin arcs.

Code for the antiserum in this and the following
figures is explained on p. 110.

na.
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Fig. 22 lmmunodiffusion plate with ontiserum AP In the central
wall and (P + 22), (51 + 52} ond urinory (P24 51)
In the peripheral wells,  PNow the smell devioted
spur formad ot the polnt of fusicn of the ares between
{P1+ P2) ond (51 + £2), with this ontlscrum.

The plote hos beon stalned with Poncoou S,



Fig. 23 Immunodiffusion plate with jejunal extract in the central
well, and varfous rabbit antisera in the peripheral wells.
Antiserum AP1 gives an extra arc with the extract.

, .;/P““)\' f

Fig. 24  Micro-immunodiffusion plate of urinary pancreatic
iscamylase purified from pooled normal urine (N) and
from the urine of a patient with acute pancreatitis (P).
The fsoamylases P2 and S (S1 + 52) occupy the remaining
two wells.  Antiserum AP is in the centre well.  Note
the complete fusion of all the precipitin arcs.
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No precipitin bands were formed with ovarian cyst fluid;
even after 5 days of development.  This was probably due to small
amounts of the enzyme present. Unfoﬂumtely; it was not possible to
concentrate the cyst fluld much by ultrafiltration.

The immunoprecipitates possessed no enzymatic activity
as shown by its lack of digestion of starch gel after incubation for

48 hours.

Immunodiffusion experiments with non~human alpha-amylases

Materials and method

Hog pancreatic amylase (twice crystallised); B. subtilis
amylase (twice crystallised) and amylase from A, oryzae (crude powder)
were obtained from SIGMA CHEMICAL CO.  Fresh pancreas from rats
were homogenised -with chilled 0.9% sallne', centrifuged and the super-

. natant used for the experiment.  All the amylases were diluted to about
the same enzymic activity and were placed In peripheral wells against a
different antlserum in each plate.  The antiserc usad were AP1, AP2,
AP and AS.  The plates were read at the end of 48 hours and again

at the end of 72 hours.

Results

Not all the antisera produced precipitin arcs, nor were
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the arcs formed of the same intensity.  The results of the experirhenis

can be tabulaied as follows.

ANTISERUM
Nature of Antigen = AP AP1  AP2  AS
Hog Pancreas o+ 4+ M
R"ut‘pa-ncreas RS : I -
B. subtilis | .- - - -
A. oryzae - - - -
Legend: v‘-'lx:‘umSeenw |
f weak arc
+ sirong arc.
(TABLE 3

" Figure 25 shows the results of an expes"ir:nventf in which antisera
are present in the peribherdl' 'v'Jel‘lsv with rat pancreas in the centrol well.
The marked precipitates with antiserum AP are evident, :wkivl'e weak arcs
are seen with AP1 and AP2, and none with AS and AM.,

In Figuré 26 the central well contains AP and the peripheral
wells contain, olfermfiv:eiy, hog pancreatic amylase and serial dilutions
of human (P1+ P2). It will be seen that with both hog and rat pancreatic

amylases the precipitates formed are nearer the antiserum wells than that of



118,

Fig. 25 Immunodiffusion plote with an extract of rat pancreas (RP)
in the central well and various antisera to human isoomylases
In the peripheral walls.  Strong precipitin arcs are formed
with antiserum AP.  Weak arcs were discernible in the
original preparation with antisera AP and AP2,

Fig. 26  Immuncdiffusion plate with antiserum AP in the central
well and crystalline hog pancreatic amylase in the
peripheral wells (H), alternating with wells containing
serially diluted human pancreailc isoamylases (P1 + F2), P,
The symbers Indicate the dilutlon of the original extract.



human pancreatic omylase, and that this relative position Is independent

of enzyme concentration (Figure 26).

Imunoelectrophoresis - -

Mathod

Antigen holes and antiscra troughs were punched out of
agar-costed microscope slides with special cutters made for this p{:rpose
(Shandon Co. Ltd., London).  Two patterns are available: one has
two antigen wells on either side of a trough and another in which two
troughs Hé between three holes.  The latter pattern is more sparing of
enzyme and antisera and wos preferred.

After the antigen wells were Ioaded; electrophoresis was
carried out in the Wieme tcmk; as described on p.30  for an hour,

Cellulose acetate transfers were taken of the slides, incubated on starch

plates and stalned with fodine.  This served fo identify the pesitions of

the Tsoenzymes. Approprtate antiscra were plpetted into the troughs.

The slides were Incubated at room temperature in covéred &" Patri dishes

made humid with p!edgfgts mof moistened cottoﬁ mol | The preclpi‘_ﬂn
arcsbagan to appear as early as 6 hours and were well de\;al'gped by the

ang ”-)f ?4 hoursu
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Results

Distinct precipitin arcs were formed by all the antisera,
corresponding In position to the areas of amylolytic digestion of
the starch plate, A few mhﬂr arcs appeared oﬁ prolonged
development when API; AP2 and AM were the antisera qsed;
but these were anodic In situation. | AP and AS ;fvere |
comparatively free of extraneous arcs.

Flgﬁre 27 illustrates the result Qbmined when antisera
AP and AS were placed In the troughs against the ﬁorent qntigem
(P1+ P2) and (S1+ S2).  The precipitin arcs lie In the expected
electrophoretic positions occupied by these isoamylases; thosé
stemming from the interaction between homologous antiserum and
antigen are slightly denser than the arcs which are the producis
of cross-reaction. |

Urine and milk produce bowes! preciﬁiﬂn arcs as may

be anticipated {iom their isoenzyme composition (Figure 28).




























































































































































	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171

