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PROTBIN

in both plants apd aniuels a substbaose in
conbained, which is produced within the former,
end i dwparted through thely food to the labtexs
To bobh, ibs uses ave mumberilesss IL ds one of
the most complicated subsbances, it is very
changesble in conposition undew various clycumstancses,
and bence is a spouree of chemical transformations,
especially within tho enimsl body, which comnob
oven be imagined withoub 1% T4 iz unguesbionsbly
the most dmportant of all known substances in the
orpanic kingdoms Withowt &t no life appenws

possible on our plenet.s  Through ite meang the

chiel phonomena of 1life ovre producaeds

The Chemistyy of Vegelable and Animal Physiology.
GedoMulder, Iranslabed by Dy Frovbeyrg, Berwick, 1848,



OERODUCEION,

Of 211 the vnsolved problems of hiolosy and blochenisbiy, pechaps
the understanding of protein synthesie and Its ju yvilre accomplishment
de sbill the greabeste Th ds now well esteblished, by degradative
progedures, that all proteins ave composed of amino-scoids Linked
together by peptide bonds. Anolybical methods ave now available Loy
detiermmining the composition and even the exaet aninoe acid sequence in
a protein,. Modemn work on pyobein gtructure indicates that probein
molesules diffey, nob only in thelw m::cxs‘k:i:imen:t; awdno aeids, but also
in the sequence in vhich they ave arvanged. In consequenco, unny
Qifferent types of gyntheblo arvongsment must be owvellable in every
gell io ovder Go account for the vericty of protein species vhich they
gontain. It i, theveforve, necessary Lov any proposed theory of
probeln synthesis 0 be able to explain these gpecific abilivies
wivich epparently ave inberent in ovewy cell.

The wequirenenbs for protein synthesls ave thres fold:-

(2) Precursors, .o building blocks, which are evenbually fiee amino acids
(h) A mechanism for Livlking them by pepbide bond formation

{e) A meoans of onsuring a definite orvdew of nusenbly of these aminoe

aid regidues.

Inorsy of Pepbide Bond Formntion. -

The formation of a popbide from two smino aclds ds accompavied by

an dnevease I free cnorgy, the average value of 3000 calovies per mole
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being widely quoteds It hag been caleulated by Lindersbrom-lang (1982)
shat this figure ds nob sbricbly covrest,. The figure is approximebely
covrent for synthesis of diepepiides from free anivoe acids, bub if
di~peptides ave uwnited, then the energy of formation of peptide bonds
will be smaller than 3000 salories per mole. The possibilisy exluts,
thevafore, that, 1¥ swmell pepbides ave produced in significent
contenbrations, polymevisotion of the poplides might ovour undew
favourable clivoumsbanves. The coupling of lovge peptides might ocour
velavively easily.  1b would therefove be rvelevant al Whis point bo
considexr the preoursors of probein gynbhesls, whebhor they bo simple
andng acgids, di-peptides oy other stbsbonces.

Progursors in Probeln Svothesda,

The problem of the nature of the precursors of probein synthesis
vesolyes Lteell into the quesltion of whebher probeins ave made dirvectly
fram fres anine acids or by using pepbides or other avine acid derivobives
(eepe nolivated amino acids). The evidenoe for the participabion of
peptides in probein synthesis depends on three types of spproach:

(a) Whwt peptides omeur in oslls ¢

(b} Coam pépbides.mpplied to tiseues bo u‘i;ilﬁgsm Por probein synthesis ?
This btype of evidence demonds that the pepbiden cen pasgs inbo the oell
and reach the slbe of ulbilisation withoubs hydvolysis and it is frequently
Aiffionlt to dbbaln sonclusive prool of fhls.

(¢} Is thove any evidence of dilubion of labelled amine scids by pepbide

pools during their incorporasion inte protolng ?
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() The gocurrence of peptides in cells:

Mtompbs hove been mede to demongbratie the presence of pepbides in
suffiolent quantity sod variety to allow of such syabbesis. Chrisbensen,
Robhwell, Seors and Strelcher (39%} ware wable to dempnsbeois the
presence of amino eoids conjugates, apart from pglutabhilone, onrnogineg
or angerine in liver and muscle fissues The scareldy of inbermedioto
precuraors has also been dhseyved by Halvorson and Spilegelman (1962}

worldng with Saccharonyees cerlyisine, They found that nono of the

smino acids was deplebed from the ecells when the ubilissbion of one of
them for growbh or ongyme Lormation wag prevented by the presence of &
synthelic avalogue. Therofore, no apprecicble quantiby of intermediaste
presursors appeaved bo be duvolved dn the gynbbesis of the eozyme ov
protelo excapt Tov posgible precursows alyveady so complex as to rewmuirve
the enbrance of the swine acid viose wbilisabion was blookeds

On the obther hand, the presence of pepbide weberial in vissues hag
been elaimed by Borscok and his co-worlkers (1949)e ‘Ihese workers isoloted
o pepbide materiol frow wmany sources including plesma, gulnea-pig heart,
kidoey and spleen. In o bissue bomogenabe, lobelled amine aclds were
incorporated fagier inbo this pepbide materinl shan dnto proteins I6 has
boen shown that there are al lesst four componenbs in this peptide moterial
(Fels and Misclius 1951). | The biologionl significance of this popltide
vamaing in doubb.

The majority of the chemicel evidence tlms gives no support to the

concept of peptides as inbermediates in the gynthesis ol proteins. There
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may woll he inbermedioten of a pepbide nature with o high turnovey rabe
presents dn the tlssues, but such intermcdiatos, beilng transient and
present in low conceubration, would not be ::i'oafi:i.ly debected by the
mebhods enployed to dates

(b) The wiilisobticn of poptides: The witilisation of peptides in place

ol Teee andno pcdds hog not provided much more conclusire evidence of
thely pertieipation dn protelin synbthesise

i pavenberel feediug expeviments on wnole anlmals, pepbides ov
parbial hydrolysates of protein were found to be less effective than
eminoe acids or complebe hydrolysatos of proteins. Thus Christensen ,(3,950)
showed thot an animal ecould be maintained in positive vitrogen balevnoce
with owino acids dnjecved luntyovencugly. Peopbides, howsver, were unzble
to maintain tho balance and were largely ewcreted in the uvine, On tho
other band, Chrisbonsen and Rafa (1952) have demoustwabed thal certain
pepbides can actually pass through the cell membrane of the Fhrlich

ageites tumour celles This, howevor, camnot be taken as indicebing that

>

z

all cvells con asgpimilave peptides, sines, in this cose, the cell uwndep
cxamination conld hardiy be called typical, being neoplastic and existing
under voique clroumstbancen in the peritoneal cavibye

Stwdies on animel cells carvied out wveler in vitvg conditions bove
led %o some combrodictory evidences Borsook o al (1952) have shown thob
the presence of frog anine acids sbimulated the uptake of lebelled amino
acidg inbto haemoglobin of wabbit veticulocyles. Using this systen

Vizet mmd Lawboyt (19548) weve unsble to show that di- or tri-popbides



e

could oot in this woy to any signilicent exbenk,  Wizmeb and Lonbent
conciuded that the slight stimlation chgerved was due Yo the production
of frec amino acids from the peptides by hydrolysis which took plase in
plasgmne  Holwin (19519 bhas demonstrated that a mixbure of froe amino
acids sbimulates the preduction of of « amylose by pigeon pancrens
slices. Sohucher wnd lokin (1954) exbended this work to wibonugleose
and Lipase, babt were unsble o show ¢hat o mizbure of peptbides was
superior to the wixture of free amino aclds for the syubbesis of these
enzyines.  On the other lnwnd, Iﬁyam,ﬁﬁt and Sorm (1956), using mouse
pancreas aliceg, have dbbained evideonce thet pavbisl hydrolysabtes of
chymotyypsinogen will sbimulate the production of probesse and onylosg.
They also showed thet parbiol hydwolysates of other probeins stimulated
enzymae production bub the mapnitude of the vesponse was dependent on the
provein fron which the partial hydrolysobe was prepaved. Unsil the
Lindiops of P@ﬁlﬂ,ﬁfﬁ axdl Ef@mn san be reeonciled with those of Scluachew
and, Holedn, W4 do not popsible vo dvaw any Civm oonolusions aboub ubilisabion
of popbides foy GREYmS gyatheais by the pancreags

Phsmue ouliure methods hove beon amloyed in an offort to debemning
the vole of popbides in probein synbtbesis. Flacher (1948) found thab

3

chilcken myeloblasts prew much betlew in a parbial thow in a complebe

probein hydvolysate. Wimniclk aod Thonick (19683) obbained sinilor
vesulbs, but concluded that hydrolysis of the peoptides to free amino
o0ids was baolking place. Hagle (1955) showed theb o doficicnd modium
coudd be mado Yo support growth if sovexal synthebls di-poptides were

added, Duce again the possibility of hydrolysis eowld not be eliminated.
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If pephides wore inbormedistes in protein synthesis, il ls veasonsble
B0 suppose thal micoro-organiss with pepbides og o gpesific reguiranent
Por growth might be Tound. Yo Pnet, no orgoanion with an obeoluls
pequivanend for veplides hag beon founds  Morsover, vhen o pepblde
hag been Sound o have prowkhepromobing propeviies, this has, in some
cases, beon shown o be due ho hydvolysis of the pepiide {‘lz"igmm@ 1947 s
Sumponds and Pruben, 19483 Kvebl and Weubon, 19483 Shmonds and Foubon,

a,b
10497 Gay Loy, Simpends ond Foubon, 1880; Malin, Conden and Dunn; 1861
Morndklo and Virtenen, 1951 Vivbanon and Burwikico, 2951}, On the othew

hond, there da ovidenwe that porbial hydrdlyeates of probeing have greabtor

geavbirpromating properbies thon complebe andne acld mixbures for corioin
bacteoria (Sprince and Woolley {1848), Doan and Melurs (1060), Klunssgdyo
Siemy and Myohjem (A95L). By coubrast, Dankd and Thowne (1949)
prepared syubholbin paphides and i’m.md.. thet these weye infexior to the

sorrespeading free amine acids as aubrdeobs for yeawbe The use of

gyathetio smino aoid anslogues has supporbed the view that micoro=-organdisins

con uhilise pepbides. Thus Mowsholl apd voods {1852) hove shown that

the dxbiblbion of bacterial geowbh by dmetbflituyptophan son be vevegsed
Wy brptophan peptides in a anowecompebitive waye  They supgest theb
A-m@bhytbryptophon ixhiibits geowbh by viztuo of &8 obiliby to inbibis
synbhoals of tryptopban peptides; thus o supply of peptides dn the
medivm vanders the Organisms doscnsitive to d=methylioyptophan. Kihawa,
Mstullough and Snell (1952) have shown thot D-olondne prevents the

-

growsh of Lootobaciilug oreblnosis by dohdblbing the assiviletion of




Tealonine, bub bhat Dealanivne bes po dohibiting nction in the presence

of aleoayl poplides. These eubhors gupeest that the Demuing acid

& k3

dahibite the passage of feelanive soross the coll menbrancs, whersas
peptides poass judepondentiy and ave couverved iute the lros amlno scids
within the sell. Clnilarly. Kihsra and angt {1955} demongbrabed thal,

=}
NN

1P the geowth of o micwve-oprgandan Le lvbibited by o synthstic awmino acid

-;.;,

emalopue, he veversel of this dnhibition fs move effectively achieved by

the addition of the corvesponding cwning aeld as a pepbtide component, thon
by the adddtion of bthe free swing aeld. Roviands, Gale, Folkes and
Mowrion (A957) heve shown thabt free plubanio acid csn accvmulete within

]

Shoapbylococous sursus  wideh hag boen dncubated with peptides contalning

n

glubemic aold resifues. The presense of glucose has been showm o be
voquived for this procesg.  Prood thab peptides are abesorhed ag such
has been shbained by showlug thet covrboln peptides cege Y eglubamyle

valine or Y eglubanyleloucine glve vige 40 o move wapld scawmlatlon of
glubamio sedd within the cell than is dbbained vwhen glubtomie acid ihsel?
is the exbermal source,

b would blme appoar that pepbides cen ponebrale the cglld wall of

-w WA

]

o goan he fagher dn the case of o

Pk

bacterin and tThat bhe rete of poachrat
popiide than In the case of the freo aminoe =2oid T

guperioriby of pepbides ovor the corvegponding fres smine acids in

).

L »

:) l 5
~y gedamegdd
vacherminl antyidd

Pm

ion may depend on thelr more popid sssiniletlon wabhey
thay thely use ag inbemnedisbes in probein avothesise Similerily, the

vesulbe obbained by Mawnhall and Weods (1952) and Eihara and Smell (1985)



e

oon be expladned on the basls of quicker penetyation of the cell
mahrane by pg@ﬁfiﬁtﬁﬁi than by free oming acids.

Prom these various studles on peptids viilisablon, &b ds apparont
that there is no weauivosal evidenss of o popbide vequirement op
stimletion in the case of animal tissucs. I the case of bacteria,
thers ds reascon o believe that pepbides penelrate into the cell, in
soms casos @moro capldly than do the corvesponding owine acidse I6 hog
alsc beon egbablished {(Rowlands et ol (1957)) that 4he pepbides ave
subgequently bydwolysed in somo insbences aob loagte.  Thus,; thove is
0o reason for concluding thebt whbiligaticn of popbides by basberio

»

anerihably dwplies a wole of pepbides in provein syathesis.

hY » a * - : o howy 5 PR N g
(e} Dilution of lebolled mmino acids by pepbide poolss I probeins ore

k4R
R

syabhesised direshly from amino acids withoubh the intexvenbtion of
poptide ivbermmedisobeg, then, i the anino acids ave labelled, the same
omine acid should heve the ssme gpoodfic agtivily ot all Llosi din the
probein awleculs,  Auy pool of the unlabelled pepbilde insermediato will
dilube the ischope and this will result dn wnoven disbeibublion of the
lebed throughout the protiein wmolesule,

Anfingen ond Shelvherg (L961) hove found unegual labelling of
agparbic ond glubawmic acid moleovles in ovalbumin, syaihesised in vilyo

nedbating a niase of hen oviducts dn a ldbelled bloagbonobe medivm.

e

s

\1:‘,;
[
s

Shwiler results bave been dblalined in 'vfz;;ﬂ"aa,(ﬁ%'i; eidberg and fnfingen, (3.952.))

AL T ATy l‘w
Though there was much Jess dlggymetey in the labelling, Uhe lnegualiby

"

of the lobelling was grestepd ob the begimning and tendod o grow less,



the longer the durabion of the cxperiments These studios were exbended
o other proteins and the seme dnequeldiy of lebelling wos foued In
Jnauddn ond wibenwclesse (Vonghan end Mnfinson, 1954)s These vemuilis
are Intevprebed no dndienting the propence of podls of popbides of
daffeving nige fron whdch probeins ove synbhesiseds Ib ghould, howevar,
be borne in mind that Whese rewulss would also be obbodned 4 4ifforant
perbe of the proteln moleoule were cynthesiscd ey ddfferent Gimes
(Daigldosh; 2085)s Thovre 4o os yob no defindte dnformablon of thio
podnis

This dneqelity of lebelling hap not been found by othex woxlors
unfler obher expovimentol condiilons. Malw, Nevberges and Pervons (1952)
sxmnined the terminel and nunw-bomninaed valine vesidues of rab ond rabbilb
hocmoglobin end found that the lobeliing wos oqale Godin and Vork (1956)
eorried ont o mowe wigoring oxperdment and found thot after tho Inbmom
venous afdmindetration to a leetablng goad of o wireare of Iysine peptidas
(prepored from conein) ond 14@~1y&£nﬁ, the lobeliding of the lyoine wms
equal dn all parts of the caseln molesulcs TFrom the remulbs, they
concindo that cascin 4o synthesised fvom free omino scids and thal no
popbiden take pavt oo sudhe

A glightly different approoch wee odopbed by Simpson and Velick
{1964} ond Holwborg end Velick {(1984) vho injested rabbits with olght
dfforent labelled amine oolds ond debermined tholy sperific activibtien
in three engymes wibth dlfferont turnover times in muscle Hismucs In

the case of all the omino aclds tho zoble of the speoific notlvities
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of the amino oelds in the three cngymes wes the some.  This would
dndlcate that the threo engymnes aye Comed ©rom $he pome eming ncld
peod and thet o giveon amine ecid dn o proboln ds weplaced ef the somo
woiie dn ell the positiloms da wihich 3% ocouve. 0L thewe were any
signdficant onount of poptides, the vabioa of the speodlic activibics
of the awino acids dn the thvse proteins would he differcnds

In zoviewing the evidease of dilublon of lebelled eming agdde by
peptide pools, 46 is oppowcnt thet the ovidence dbdaived by Anfincen and
hls co-vorkers 4a fn £lat conbradiotion to thod of other Jovostidgnbors
in this ficld. Tho negabkive evidense of Godin ond Work depends on thely

I

Iyaine=conbaining pepiidos being absorbed Into the mommery gland colls
as euch, and not Dedng hydvolysed holore entyy, in which oaso equallby
af lebolling dn bhe syathesised provoein would be the vopulb. Howovor,

thewve ds vo evidenee that the pepdides aeupployed for this sluly ove

3

sadtabilo bullding Wlocks for the ayabbhesis of cosein moleculen. Walle

%

£,

bhay ove prepogod Leom casteln by portdel hydvolysls 1t cownot be assumed
that the pepbides so fommed axe capable of being wbiliszed by the celld

for the Commatlon of coscine.

Tho evifenge for the ootuwrense of poptide intermediates in the
pyothesis of probein s exbrenely confusing. While the exishonce of
suech internediates has nob been debested by chomfenl monns, this moy only
dndioavo they pepbides have o very wopdd bumover and thab the

conventrabion ab ey woeent e very lows The appovent Daabhility of
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onimal tlosues bo wiilise peplides, as shown by lodk of stimdabion o
providing pepbides exogenously, may merely ludicatoe theb peptides swe
hydrolysed befors enbey inbko the cell. This explanction coe also be
paed v the caso of the cwpeviments of Godiv and Work, vhewe the giving
ol pept: $des alang with lebelled fvee aming acids failed to csuse wegual
laballing of awing agld residnes in onselis Shero s Ghus no poskEive
evidonce foy the wbilisation of peptide meberial for proboin synbhesis
in mommalian eells and 16 would sppose saffer o agsswac bthob probeins ave

synthesised withoub the pevbicipation of peptides.

Quher Pogsible Tobexmedigbon in Proteln Synbhosis:  The conclusion thad

peptides may nob be inbermediabes dn probein gynthesis lewvez us with the
quaghicon of whether the biologiesl febricetion of proteins from Qree amino
acids, ds, dn faol, o ohe=singe proctoss, ov whebber o seawvel for albsrnabive
inbemediaten 1o dnddesbeds  The poosibilibty of inbermedinten bop been

ghvangihaned by sone recent emperimenis pevformed by Hultbin eand bis

gollengues.
Tiwlbin (1956) bap obbained evidence thed fwo shages are involved

:E;E

dn the dmeorporetion of “Cweglyvoine ond alago of Wi aiteuoing (Bultin and

Boglkow 1856} fubo probeins of o cellsfras liver preparsbion conbaining

-vl

misrosonsg. AL difforent periods alter addition of the labelled awing
acid to o microgome preparobion, o lerge excoss of wildhelled glycineg o
leveing wesn sdded for the purpese of isobope dilubion. I the dilubion
was wede very eavly dn bthe experiwmeny, tho subseipent lucorpovation was

ponsidersbly decrenseds  As the btiwme of addibion was dncreosed, less ond



less offect was nobiced on the degree of incorporation and indeed, if
the addition was made afber Lifbeen to twenby minutes therve was no
npprecisble effect at all on the incorporstion as compared with the
gontrolse This has led to the conclusion that, ofter the firsy
fifseen to twenty wminubes, smino acid for incovporabion was no longew
supplied from the general smino acid pool bub vather fyom pome othew
intermediates presumebly originally devdved from the pool bub no longer
in eqnilibriuﬁ with its  Thab the microsomes had no pert in theformation
of this inbtermediate wos shown by the fact thab, i the addition of the
microsomes was delayed unbil afver twenby minubes, dilubion with
unlabelled amine acid as before had no offect on the subsequent amino
aeld dncorporaticn.  Thus some inbermediate ds formed in the cell sbop
which ds subsequently ubilised by the mlcerosomes.

These obaservations of Hultin find a paralleld in recent studles off
enzymic scbivation of free amino aclids. In cell-sfree gystems, 1t is
appareat thelb ATP i duwolved in amino sodd incorporation into probeing.
Thug Pcterson and Grecvberg (1952) found thet ATP ncoclerated aming aeid
lanorpovation into probein in vityo in an enzyme sybben that wos composed
of mibochondria plug a supernstant froction of rabt liver homogenuabeos
Siekevitz (1952) had found ovidence of a soluble go-factor produced by
mitochondria vhich stimulated amino acld incocporabion in vitro inbo
rab liver micvosomes. He also obgerved some stimulabion by ATP and
concluded Tthat NP was dovolved din the formabion of the goluble

ao-Lactbor. Zomeonil and cowworkers followed up the observation that
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the highest rete of locorporatlion of lobelled anpino aglds was dnto
the micvosoms fraction of liver (Hultin (1950)s Borsook (1950)) by
showing that this incorporafion zequived AVP and a heakwlobile nopns
dialysable consbituant of the superontant frochion of liver homogenato
cenbrifugation at 100,000 g Keller snd Zomeondk (1966) have shown
that thers ave Live cssenbtial components in an dncorporablon systom
prepaved from rat livere These ave (1) wicrosome fraction, (2) cell
supernotant, (5) ATP and uzually on ATP - vegenerabing sysbem, (4) QP
or GIP, (B) the lsbelled amino acid., The omission of any oune of these
components causes cessation of lncovporation,  Littlefield and Kellep
(1986) have simplificd the incorporntion system by using cellulay
Tragtions prepared by 0.5M zodium chlovide cxbtraction and centywifugal
fracoionation of dilatilled watex lysates of Fhrlich mouse asciiep
tunour aells. Hevo it dis possible to dhbain geod incorporation
lnto the vibomicleoprobein parbiculate fraction of the microsomes in
the almost complete wbsence of the manbrovcus Lipoprotein fraction, The
vole of GIP or GOP is wiknown.  Sevoyal obther dimwleotides of guanine
were Sried bub none wes found to be effective. (Kolley ond Zomeenil (1956)).
Faxt of the enzymic regquivemont of the incopporation gysbem vas
aceounted for by enzymes vhich would genersbe ATP from a precursor such
as phosphocreatine, phosphopyruvate or phogphoglycerate, It wes gppoooid
however, that afier Portification of the incorporating system with the
precursors and the approprisbe ATP genevating ensymes, heoab-lablle,

non~dialysable components of the soluble fraction were sbill roquived.
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Hoaglond (1955) davestipated the seluble protoin frackion and found
that after dinlysis the soluble protein froctioa satalysed an
exchange of pyrophosphete (FPY2) with ATP whlch was cvhonced several
fold by the addibion of pure leoming ccides  This sugsested that tho
omine aclds weve boling activated on an amino=onyl AMP compounds On
the addition of hydvoxylamine, the cavboxyleactivated amino acld
veaebs o foxm bthe bydvozymote whille AR aud pyrophospbobte accumilabc.

The reaction may be formilabed 2«

o+ MP ¢ HOOC-GHNHp ——  BeMP-CO-CHRNH, + BP9

ErdiPrCOGIAEL ¢ N — B+ HOWCO-CHEN,

It wvas found that Dromino aclds wore dnerbs A fraction wop obiained
from the soluble probein fraction by precipitobion ob pi 6 This
precipitate was dissolved in buffer pH 7.0 and wan found to be oboud
five times as active as vhe oviginal golublc probtein frachbion.
(Hoogland, Keller ond Zamcenik, (1956)). Yo debermine whether sepaveite
enzymes mediate the activebion of dndividusl anmino acids, several

iso-oleotrically precipitable fractions were testaed Por thelir achiviby

bowards o rapr

oa

abive growp of anilng acidse Tun this way sepavete

activasing enzyimes bave been prepaved fov leucine and olanine. On

¢

Prachionotion with ammondivn sulphate o mebbionine activat

sing cnzyme
wos obtaineds

Gole, Coote and Work (195%) have econfizmed Hoagland's findings

andl have exomined the distribution of thig acbivaiing enzyme in

..
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severnl mamnnddan blssues. They found that the onzyme was widely

de

dstribubed in gulnea plg tissue and that the highest consentration

wos in the pencyeage Yhepe woskers have propared the pil b enzyme
frow obher vlosues, e g bovine and plg pancrons and have abbenpbed
to fragbionote dte Thelr work indicabes that there is o different
dlgbribubion of, engyme acliviby btowards different amlno acids and

A

this difforonee ls chavecteristie of the type of tilsasue Trom which

the enzymo was prepareds A sindlar enzmyme preporation cepable of
scbivating cerbain anino nelds has beon raporbed by Donoss and Novelll
(1986) vho were studying micro-organismg. Borsook (1965) has described
an acbivebing enzyme sygbem which he dbtained from the supernabent,
after cenvpifugation at 100,000 g, of 1y fscsd vabbll rebiculooyios.

Thege Dindings would suggest theb, before boing dlucovporated into
proteing, the amino acids may be activeved by the systom desexibed by
Hoagland,

Holle},r (1957) suggested that the aminoeacyl compound could undergo
o penction with anobher substance (X) with the production of an

aming acld-A compound and the liborabion of AMP and the fvec enzyme.

Bogyme + AR & S0P ——= Jngyme = AL = AUR + PP
{‘f}? ac*um"f%

fngyme = AL = AUP ¢+ K T > Bozyme + AKX+ AMP
The method cuployed to detemmine whether, in fact, this reaction was

5.0

opourving was to assume that the menckion was rovergible and that 14



AP wewe added ANP would be Toxmed, Holley was able to show that,

¥,

on the addition of labelled AMP, radlo active MNP was produced. He
used the i § envyue system of Doagland and found that, with a mixture
of Tifheon onlne acids, be dbtained a good yicld of ATP from added M.
He found thelt this production wan prevented by the presence of
viboauckaesse On Durther cxomination bhe showed thab the activiby
of the ominw asid mixture vesided with Iealonine. This moy dmply
that there is wmore then cne compound X, dece one compound Loy cach
amine acild, and bthat in the couvse of the preporation of the sysban
wly the Xecompound appropyiabe Loz Lealanine s not destyoyeds

It would Thevelove appear that the activated amino acids undergo
o Lorther veaction with unknown compounds ond that this reaction io

A

vibonuclesse gensibive, Implying vhabt BHA plays some part ab this stape.

Mechandem of Mming Acld Agsenbly fn
Predetermined Saquencos.

Hoving considered the enevgy requivenenis and the nature of the
building blocks used dn probein gynthesis, we ave now in a position
to view the theorles which have beon proposed 4o aceount for the Pinal
asserhly of amino wcid residuen in the specific sequences peculiar o
ench type of probein.

There ave two nain theories of protein synthesis which must be
dlsouspeds
(o) Teangpepbidabion sheory.

(b) Teumplave Fheorye



(a)

17,

Trangpepuidation theory:  This theory avose out of the work of

Bargmarmand his school on the ayobhetio eepacitics of proboolyile
enzymess  Borgmamn(1937) showed thabk lubracellulax pm‘i;emiyt:ﬁ.ce GREYING:S
aconld bring sbout the condensobion of acetyl, bengoyl or carbobonzony
derivatives of o nuibey of amino seids with aniline or phenylhydrazine.
These reastlionsg veprogsented the synthesis of pepbide bonds. In the same
woy ebymobuypain woudd cobalyse tho condensation of beungoyl tyvosine and
glyoine anilide to foram benmoyl=tyrosyleglycine anilide in 65% yicld,

(Bevgnoanemd Frubon (1944)). This veaction may be formulobed ag followni-
Bowtyr & Ely-lliFh — Ba-lyrenly-iiih

This reaction takes ploce on socount of the insolubllity of the
profuct and whether this insolubility Cactor ds of imporbance in

o &

animal tissues s nob knowns There iz, moreover, no cvidence £ov

o &

seourrenge of such subgtitubed amino poids dn Living tissues and the

vee of more physiclogleal compotnds e g ocetylated or phosphorylated
omino soids has nob been profitehle. Thus Cohen and MeGilveey (1.947)
were unable to syntheasise peaiine bippuric acid from pesming benzolis and
Heaoetyl glycine in an cagyne systenm sapsble of effcebing the synthesis
with free glycines  Borsock {i&&?’:) found That Nephosphoxylated glyeinc
and Denzoyl phosphate wore no more agtive iv the gynthesis of hippuric
acld then glycine and benzoic acid slthoupgh ATP is known Lo promebe

the synthesis undery anaerdbic conditlonz.

Duping the course of these studies gvidenes was found supgesting
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the pooarcence of oxchonge reacticns during hydwolysis of swmide and
pepbide bondg,  Depgumsn and fPeasukel~0onvas {:%.9:-5‘}) ghudied the
reackion: -

. papain
Lﬁﬁhwi‘? > Bregly-iHeFh 4 N,

=
S

De glyeilily

ilewe the hydvelysis of bhippuyylamide by papain dn the presence of
avdline, and found thet considersbly wove hipgpuric aold ocullide was
foemed then could bo accounted Loy under the clveumsbancesn by direct
synthesis freom hydvolyais productkss This picture wae Qimdly
catablished by the advent of isobopiae technlques vwhen Jobnsbon, Mycek
zndd Teubon (16 f‘{l}) demonstrabed the veplacomnent of awmide ¥ by dacbtopic N
during the hydmolyais of bongoyl glyeinsmide by papain in he presence
of W amaonium salbe. Frubon, Jobuston and Fried (1951) showsd theb
lengbhening of & peptide chain can be aobicved by probeclybic engymes
under cexbaln condiiiong,  Thus 1T cothopsin or papain cabelysed
hydwolysis of benzoyl tyrosinamido in the presence of glyocinonide is
atopped short of the ogquilibyiom point benguyle-tyrogyl-glyeinmaide

2

ean be dsolaboed,  This veachkicon can be formilabed e

sz'l;yzt'«»}m-l”? o ghy=lty 2 Boetyreglylll, -+ Wi

Thege wveactlong eve all exomples of rausemidetion’s
In the gage way “rengpeptidation® reachions occur in vwhich
replacament of one of the oumponenta of o pepbide bond Linking o

eadno oodd vesldues Gabes placey 6. bennoyl tyrosyl glycinamide

incubabed with chymotaypein end lobelled glyoivamide wesulis in the
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lobel appeaving in the dipeptide (Johwsbton, Mycck aund Frubon (19850b)).
12 > < &

This veaction may be wribtten (-

Baebyp=glyNi 4 gLy Y Boebypegdy i, -+ glylil,
2 2 2

Fruton (1952) demonstrated that glycyleglycine can be svbabitubed fov
the temminal vepidue of carbobenzoxy-glyeyl-phenylalanine vndey the
influence of papain, vis 1=

papain
gly-gly  +  cha-gly-phe > chamglymoly=gly <+  phe

These reacbiong will ocouy provided the necesshvy cnergy, in the fora
of o preformed amido opr pepbide bond, is availables

These findiags have been made the basis of the tvonspeptidation
theory as propounded by Fruton,  He postulates that peptides or amiden
can serve in proteln synthesis by donsting emino acids to acoepbors as
yvob unddentificed. These vreactions would be estalysed by the inbtracellular
probeolyvic engymos which have been shown o be capeble of eithey
perfoming hydvolytie and condensabion resgtions oy veplacancnd
veackions (transemidation or transpeptidation)e The extens o vhilch
hydvolysis or xoplacement ceccurs depends on the pH of the vesction
mixbure and ot physiclogical pli values replacement reactions may
predominatces

However, the transpeptidation theony ;h:m some dravoocks. Tor a
Transpepbidation nechaniem o be vegponsible for the enbire synthesis
of proteing would require the preseuce of simple peptides in collse
No aubstanbiol cvidence Loy the occuvrence of these peptideos in

aolls 1o ob hond bo date.  Furbhewmore; albthough the engymes studied
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show gpecificlly bowards the acoepbor moleoule,e. s o popbide, they

2,

exhibit 1ittle or no speaificity for the amine acid or yeptide

& L ]

vransfereed. However, the posgibililty thet trangpepbidation

%]

k2

reactiong may be dnvolved in the Tinal sioges of protein synthosis
from polypoptildes should not be overlooked, snd in such capes enzyme

gpecdficlty may well be greatexs

(») Tamlate Theory:  Obher investigators hoave proposed model sysbems

baged ou the idon thot precursors are ergpuised into protein molegules
on o templotes  In most of the theowles the template is formed fiom
vibooueleic asid (RNA) or ribomueleo-probein. There s sbundawnd
evidence in the liberobure bo comnest RNA with protein synbhesilss

A wevent cxocllent review of this field i given by Brachet (1955).
Mogt of the evidenne ds civoumgbonbinl In wabuve, bub recent sbudy

on ecli~free systems for probein gynbthesis have provided more

divest evidence of RNA parbticipation, Thug Cale and TFollkes (198

’i

found that protein synthesis in the parbicles of a cell-fres

&y

preparatdon of Staphylosocous aureus was abolished by breatment
with ribonucleanse. Purbhewmore, addition of either HNA ox DNA
prepared feom the fragmented Stophylococous auveuns auvgmenbed the
proteln sypbhesige, Those findings bave been confivmed by Hunter
and Busler (1958) wodking on Bacillus megatherivm.  Zamecnil and
Keller (1954) have found that the addition of vibomolense provenbted

the upboke of wadlo-acbive omino acids inbo the microsomes of a

eocll-frze gysben prepoved from vob liver,  Beljaoski (1954) in
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worlidng with lysed Werocotous lysodelliticus cells found that the
ineorporabion of vadio-active glycive wos dnhibiied by trcatment
with ribonucleases A role for DA in probein gynthesis hes been
proposed by Aldfrey (1954). a1l thymus maiclel isolabed in suorose
solution were Found bo lncorporats labelled alanine into nuelear
proteing in the preosence of an energy source. Tweabtment wibth
wibomcleonse Qid not aolbter the incorporablon waereas btreotmontd
with deoxyribonuslesse vearly sbolighed dnsoyporablon cublrelye

Ih would eppear that, in the meclous, THA participotes in probein
synthesis.

Dounce (1052) cnvisages the mucleic acid molecules og Torming o
master tomplabe wialelh can either veoprofuce ibtaelf ox produse o
gpeeific avvengencod of amine acidsg. Dounce posbulated that AL
sonbributes the noecessavy enerpgy by wmeans of o phosphotransfenose
which twangfers Its terminal phogphate to the phosphate of muclelc
acid, the ned result helung the transfer of o pyvophosphote Linkape
Prom AT® bo muolelc acids  The amino groups of awmino ocids bhen
reoct o form amino-phosphate compounds on the mucleic acld, and for
cach amino group =zo combined, the phosphete wilch came originally
FPeon the ATP io dlgplaced and appears as inowpanic phosphaites  Anothow
engyne Linkg the free cavboxyl group of the adjacent amino acid to the
phogphate bound awing group to fomm o pepbide Linkage. The peptide
50 Pormed then leaves the bemplate ond the phosphate of the mucleic

acid is then free to repeat the viwle process of synbhesise One
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clags of cozymnos (‘.‘t?l) medintes the abiockment of the ewming aoid Go
the nuclelc avidy another (Pg) offects the formabion of tho pepbide
bonds and concomitant liberation of the Pcapﬁi.c}.e chain from the bomplabe,
This theory bas uwndergone modificabion in viow of the carboxyl
acbivabion of anine acids descwibed by Hoaglavd (1955) and dlsoussed
SOV ims, Bormook (1955) suggested thet the omino aeids ave
avbached to thoe phosphates of auelcic acids by thelr carboxyl groups.
Then, as before in Dounce's scheme, ancther enzyme formg the peptidc
bond, therdhy wemoving the oniao acids dnvolved from the nuclelice acid
bomplabes Bovsook’s schare calls for some mechanimm of transporting
the acbivoted aming acid to the tamplate. For this role he suggesis
givher the acbivating cngyme ibsclf or o co-engyme or mucleotide, On
the other band  Zomeenik, Keller, Hoaglend, Lilttleficold and Lofbfield
(1956) do not think thot there is any chemical abbachment bebween the
omdne aodd and the nueleice pedd bowplobe.  Phey suggest that the
activated awino acyl woleobide campounds line up along o ribooucleoprotein
vemplate with thoir side chaln R groups delermining 'i;h!:a sequenco by
their obiliby o £4% inbo parbicular spegts ocourping on the
ribomuclesprotein s face. Pepitide boud PCormabion takes place
bebween adjacont andno seld residuss snd the vibouucleoprotein
passes on the protein or large peptide chain to other parts of the
well, purticularly the membroavovs, Lipidevich, deosycholabe-~soluble

portion of the wicrosome Trection for trovnsformebion inko a complebed

proteln molecule ow Lipo protein copler.

.
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There i os yeb ao positive preof that wuclelce ocids con ach as
templates in the monner invisaged by the variouws suthows mentionsd
above though the perbicipation of RNVA in the caxly fovmative stape
of probeln syuthssls fs becaming wch wore certain, The exast mode
of this pavticipetion io as yob nob wndevstoods

Ih would be nowise ab this point in our kunovledge of probein
gynthesis to Imaginoe that the template theory and the branspepbidation
theory ave mubually exclusive. I way well be that the true picbure
of protein synthesis lies somewhers da the corbinabion of these two

(RIS NI

Taoorporation without nel protein mynthosls ( * sxchonpe reachicn @ ).

Most of the studics on protein syunthesis have employed lobellicd

2 o

amino acids. The cxiterion of protein synthesis has boen the

e "

Incorporation of the labelled omino acid jnto tho proboin and this hag

b
heen demonstrated by mony workers (sce veview by Dowsook (1953) and
Gale (1955)). in The mojority of cases, it has beon showm sonclusively
that the lebelled amino acid has become incorporabed into protelin, the
X

radiomactivity of the protein not diminishing with prolonged aund repeated

washings with hot and eold WCA, or with solubion ond reprecipibation of
the probtcin, (n the other hand, in moyy of the oxporiments ia sidei
incorporation of labelled amino acids bas beoen established, no actual
net protein synthesis bas boen demonstrabed. It is thervelfore, rclovant

at thisz point to consider whether incorporvabion of Lébelled amine ocids

is synonymous with probein syobhesise



Gale and Folkes ( 195%) s working with cecll-free proporations of
Staphylococcus aurceus, have showa that in the presence of o complete
amine acid mixture (Condibion 1) incorporation of He-glutemic acid
proceads lincarly for some hours and is sgcompanled by a sigeificant
Increase in probein nitrogens  On the other hand, if only one amino
acid is present (Condibion 2), the incorporation ceases vhen only a
fraction of the added eminoe acld hag been ingorporated and no nedv
synthosis of protein con be domonstyateds Moweover, 18 cell-free
propavationg of Stapbylococaus auveus, rendeved radio-active by
pravions incorporalti on of 1‘3“%531111;&11:1@ acid, ore inaubated with
12ﬁwga;111"umni€3 acid and an encwgy sourvee there is o loss of radioe
activity from the prepavetion due %o an exchange reoction,

e

Prom this evidence, it would appear thal the incorporation under
Condition 2 tokes place ap a result of an exchange rcaction bobween
the amine acid added to the medium and corvesponding residuos in
certain of the proteins present in the prepavatlon, I5 may be that
sueh oxchange lucorporatlon is an acbivity of a pavt ox pavks of the
protein synthesising mechanism and that this activity can occur when
total protein synthesis is nob possible.

In the case of protein synbhegis a labelled amino acid can thus
begome truly incorporebted into a protein by two main methodss
(1) oxchange mesctions (2) de novo protoin synthesise These Hwo
metholds may well operate ab one and the some bime, bub under speclol
conditions, e.pge condition 2 the oxchange vate predominotes and no

net probein synthesis ocours. It is thevefore desiwxable when studying
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protein synthesis to be able to dancnstvatc an actunl ast insrease in
probein contente  One of the most sengitive mebhods of demonsbrabiag
net protein increase is to measure the awmount of an cugyme present belore

e o
.

and afer incdbation, noreases will be detected by this meons which

would nob be revenled by chemienl methodss Chemical metbeds con oaly
pdve an Ladicatlon of overall protein increase, wherens,; cuzyme assay
gives informedon Theb a specific protein has been gynthosiscd and an
abtbenpt can bo made to isolate a pure producet. This principle has, in
Taal, beon applied by Gale and obherg to the study of protein synthesis
in bacboriae

In the case of highor animols the study of enzymes also offers a
means of following the course of protein synthezis and con be used ag an
aneillaxy ald in the inborpretation of lobelled amino acld ixcorporation
do580 However, the use of engyme gsynthosis as a Lool demands some
cellebype In which cngzyme burnover ds wepids  Such a sibtuabtion cbbaing
in vhe digostive glands, . g vhe panorease Vie have thevefore atbempted
an inbepgrased study of the process of probein gynthesis es it ocours in
the poncreas, using not only isobopic and engymic vechnique, bub aluo
corglloting these with chemicel chonges and electron mleroscopys

Wo selectedl the ponereas because the oxoveine pard i highly
specialised for the synthesis and secwrction of well knowa ensymes and
a nuber of gtudies have alrcady been made on it. The organ con be
dopleted of ils engymo content ab will by the injection of pilocarpine
or carbamylcholine altery which intense protein synthesis must beke

place in ovder to restore by cnzymic counbent within three Lo five houvs.
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Pigeon pancreas was selected beeousce hovs the organ ds well defliaed
and ig relatively honogeoeouss It contalng very Litvle adipose
tissue and the consisbtency of the oxgewn is very sulbeble for sliciog

techuigues.

THE  PANCRIAS,

Mistologically, the poncreas counsiste of long tubular seercting
alwcolie  The temminal alveold consist of gramlaw, somewbat condesl
shaped cells Lining the lumen. In the apieal porticon of the oclls
are located the secrebory gramilos. (Plate 1)  These gramiles which
conbain the digestive enzymes, such as, amylase and lipase, ave
discharged ivko the alveolay lumen on weselpt of a suibtable gbimvlus,
suah as foods Afver the discharge phage, the cell mamfacbures the
grovales wilch slovily scowmilate in tho npiloal vegion. There is thus

£
3

&

coretory cyele' in the pancrens during which the gramilarity veries
with the state of funcbional activiity. Daly and Miveky (1952) studicd
the changes in ongyme activity in mousc pancreas during the cyecle of
seoretion and syathesis. They exemined protease, amylase, lipase ond,
in onec case, carbogypepbidase, ond found thet the cyclicol vaviations
came at about bthe same time for the different cnzymes. Thoy found thab
the mialnal ongymle acbivity aflter pilocorpine stimulation cocurred

one and a hall hours afber the stimilus, whewveng, with food, the minimal

cnayme activity was found afboey three to five hourss The loss of
Y N



cngyme protein cen be very larges idn one case, wnincty per cent of
the tobal pancveablo cngymes were losh in the courae of secrebion.
Fernandes and Jwmqueira (1955) conducted hiopey experiments on pigeons,
in vindch they took semples of the poncrens ovey a poerlod of seven hours
after cavbamylcholine stiawlatione They found that the minimum enzyme
level (607) occurved one hour afbew shimwlabions  Afber four hours
the enzyme lovel wag acbually shove the gbarting value. Dincen and
Robevboon (195658), vho were studying mouse panoreas used pilocarpine
and

as the stimulant/ found that the mindmum cnzyme level was at one hour
They also noted that afber seven bours the enzyme level cxceeded the
sharting value,

Thne chemical cvidence for a subsbontial lozs In engymo protein
ag o wesult of geowelion parallels the oxigivnl microscoplce dhservations
of Heddconbadin (1875) snd later workows. They dboerved that the zymogen
rrailes formed a considerable pavt of the vesting oell and thebt almost
all these gramiles are exbruded during seorgtion. Tvon in the restiang
pancrens, howevor, (. the pancrens of a fasting animel), o slow
gtoady scoretion gresg on, the omounb of vwhich waries in different
anlmalse  In the xabbly, for vihich precise measurements are avoilable,
the tobal engyme content of tho constont secvetion of the resting
pancreas ie cbout one thivd that of the actively scorvebing gland

(Baxi;erp (1951)).

Avadysis of cell frocblons dbbained from pencrens: Sluce enzyme activity

seems to go along with the presence of grawwles in the paocreag, it ig
reagonable to ask vhother the enzyme content of the gland is contfluned

b0 the gronuvless This is besbt explored by differenbial cenbrifugation.
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pifforentiad eentrdfupgebion of oclls has been exbensively applicd Go the
'&)ﬁ;@ahemi@a&, study of gvb-selluler strugtures, and In the case of the
livory hes yiclded o vosh ooeunt of Informebions. Btudies on the
PANCrens are LNower hDoweyese

Fhemin (1985) fractionshed pancreatic tlssue, hompgenised 3n 025 1
guerone, by differentisl veubxifugaticn and found congilderable yariation
from cupeviment o cxporiment. His vesulis wepe : -  Nuclel 4 » 5.5
Gramiles and Mitochondria 27 - 86%, Mlovosones A8 « 3.5% and Gell
Sop BY = 8%  These vesulis aro expressed as o per cenbage of the
sobel aobivity found in the whelewcoll homogonatcs

Holin (1955} has cayvied oud o glightly more olsborato fwachlonabion
Qf‘ dag panorens In 0. 25 M suorose.  The wosulis he dbiained fox canmylase
dlabrlbubion ave ag followm ¢ - Mocled 1520, Gramiles 1780,
Wbochondrda 520, Morosumes 2%, CGell Sap 1080, The zesulds aws
expressed as fmdlh end Hoe uwndbs pey mgs He

Te ds thus appavent that tho wmylase contont of vthe pavoweatis gland
ds not confined o the gramules. T4 way bo wondered whethew the high
eall sap engyme conbens avises Teon gramiles ruptured dn the course of
ditferantial contrifugation. Thig podnt wlll be considered vhon wo
prosent our own data.  In Shis comcetion, 4% ds pewtinent to quobc a
shord cwmundcation by Sicbext (19552}, 4o viioh he studied tho
distribulion of enzymes dn the mcleus, mitoshondyico and mierosomes &
ecld sap in seveynl gpecies. The txypsin and cathepein weve especially
consentrated dn the micleus, emylase we unifoxnly ddstwdbuted, vhoreas

lipaso and esberase were more consentvabted in the mitochondpis.
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Although Bicbert’s daba vequire 40 be examined when they oveatually
appeey dn doball, 4t would seem thet the dletribuvblon of amylese in
the cell =map ds not pavalleled by other cnzynes.

thaneas dn Goll Gomoonenbs ducing the cyele of seopetion end wesgbibution.

[rokape s ni S

Since there 48 o geeab losa of enzyue proveins duving the dlschorge
phase and this loas is mode good within o fow howrs, considerable
probein synthesis mash felke place fn the vesovery phose of the cyoles
Th would be of value to exewnine the paneyeabic aells furdng thisg $ine
for changes In composibion vhich ocouy ag o veswly of suweh probeln
gymbhesis. Quanbibative chenges in two componsubs, probein pad
mucledn acids, bave veceived abbtontion dn this waye
(o) Peotolps Galy end Mirsky (1982) Tound thet there was vo measurable
chomge in the bolal contemt of poncreatic peobein durlng scorobion and
synthesise  Theve ave, bowsver, considewvable changes dn the content
of the engyme probolns smounbing to sone Swenty pomgend loss, followed
by westibubions Trom those datie thene anthors conslude that, as
Papidly as the ougzymes owo %:Sméwﬁ& other protein ds formed dn the
gland welatively wapidly and thabt this protein fs gradunlly dransformed
into the enzymes destlaed Lor scorebion. The abeense of change in
proboin codtbent during seoweblon was dvfovred fyom Alforense by
adding up the non=proiein conghiliuvents of the gland ond sublrocting
from the botal welglibe Thin seems an amagingly dndiveod approsech
b0 o measurcmeny of probeidn constens and ceptalnly does not Justidy

the claborate hypothesis which Noly ond Miveky bulld on 4f.
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On the obher hand, Farber and Sidvansty (105¢a) studied the offech

ry R

of othionine upon probtein metabelisn dn the vabt panoreas and Lound thav
the protelin contont paralleled the anylame Lovel snd dhe Jevel of Tobal
engyme acbivities. They cxbended these sbudies {Farber ot ol {1956h))
and found thot, affter stimletion with carbamylcholine or pilosavpine,
heve was o decrsage dn pancveas welghlb, protein arbzogen, sod enzyme
aetivity during depleblon.  The Botal proteolytic activities eclosely
Tollowsd the amylase acbivitien. Thoy also found, in comon with
magy obhey workers dn bthie ©ield, that the wegponse Ho stinulation
was quibe varieble from oumimal (o awinsle

1.

sachct and Caspersson, (1941), dn theilr originnl

5_-:

(b) Muelele acids:

ablong, correloted a high BNA conbsunb with active protein synbhesise
Such an assoolablion exists io the pancress snd Caspersson (1041) wsing
mioregpegtrophotonebrie methoeds repovbed chavges in the RUA counbeunt
dueing the secreticom oyoles Thers appesred to be an incrense during

the gynthetlc phage and a loss ab seorebion. However, these yesulbs

were shown 6 be du ervor vhen more accurabte apechrophobometris methods

beoame ayalloble. Soveral workers, using purely chemnicesd methods, have
ghovin that there i no apparvent incronge in RWA conteut of the pancrens
duping the secretion coyele. (Robinowiteh, Valeri, Hobhschild, Comara,
Sesso and Junguedra (1952)3 Dely end Mirshy (18852): DelensGrenson (1952)
ond Langer and Grased (1955)).  In apresmont with this, Daly and Mireky

» & R

(1.059) cxomined the pamerentio julce Prom o dog injecbed with pilocarpine

4

and could nob detest the pressnes of any muclelce acsids



Rebinoviteh eb ol (1952) nod Doly end Miesky (1952) studicd the DNA
contient of the panoreas duping the seoretion oyele. They could dobech
ag change aad it would therefoms appear that no oell division is btaking
place during the aycle of scorebion, Freed (1955), working with
tadpole paneorens, wag ahle %o ghow by aybochemical studies thot the
mclele acid content 444 nob vamy during the secretory ovoles

0o the other hend, Cobernier and Kovyrev (1949) who weve studying
the mclale acid ¢ enb of the dog panoreas afber ghimulabion with
georabin yoporbed an inoresse of hoth DHA and RNA afber threc o
four hourss

The mojority of the evidence would indiogbe thebt there dso no
chenge in elthor RUA or A conbent of the ponecrens during whe
seercblon ayoles s does, however, conlivm the genersl welationabip
bebween the RNA content of an orgen aud the Insengity of probein

synthosis in il

Htudics of protein synthesls by the paocross:

s

Two approsches hove Bboen made in these studleg. A mubor of

3 .

investipators have emloved labelled molcooules. T nddibion o
fow have examived the Pommetion of enzmymes 4n dsolobed Poogments of

PRGNS s

(2) oobopic Studdes: There is ovidence thel the e protoing of the panereas
veadily Incorporate lobelled molowules, Thus Alifrey, Daly and

MWirsly (1955) found Fhab the upboks of L"}Emggﬂ rodne hy the proteins
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of the pancreas vas oshout twice that osourping dn the Lliver and about
four times that occurving in the kidncye

Incorporabtion inbo various parts of the pancress cell has also
beon examined. Whug, Allfrey et 2l (2.95.5) mneasured the upteke of
l%’mfg‘lyeim by the mixed protein of tho whole tissue, the microsome
protein and the sell superantant protein (aflew 1055900{)@. Thoy
found, vhen they compaved the vime-incovporabion curves of the
microsome protvein and mixed tissue protein, thal the L uptake
by the microsome probein was highor than that of the mixed {issue
probedn inivially and thob the curves subseguently crosseds They

a

soncluded that the microsome protein probably lies on the pabhway
of synthesis of the genernl tissuc probeins Move vecently (Daly,
Allfrey and Mirgky (1955)), i% bhas been found that the most sctive
circumstances

protein that could be obtalned under these cases wag btrypsinogen
and chymotrypeinogens  The uptoke into these probveins wvap greabeor
then that into the muclecprobeln fraction, The authovrs concluded
thay the mwcleoprobein could not give vise bo these enzymes. IU may
be ecomented that the deberminalbilon of isotopic ixncorporatlon wos
made by digesting the whole proteoin fraction by the Kjeldahl method
and the subsequent liberation of gaseous niirogen by hypdbromite.
This means that all the amino acids of the protein ore involved and
thot no consideration da glven to the faob thot different protcing
conbalin dlfferant cmounts of glycine, and, therefore, incorporvation

inbo mixed proteing moy give wise %o cwproneous yvesulbs, due to a



wardsble degree of dilubion of glycine by obtbher amino acids.
The effeot of stimulaticon on labelling of pancreas proteln has
also beon examined, 1ifrey b ol (1955) studied the effect of feeding
on the incovporation of 3"5,&1 inbo mixed tisoue probeing of the pancreas.
Wee veocelved injections of ‘bN«» dycine every one and a balf hours fop

cipht hourse Oono group was fed just belore the oxperimeny Began and

voceived no more food, so that in these andmals the enzyme content of

%—-—‘
fot

thoe poncreas grodunlly incyeased during the periocd of the experiment,

A second grovp was fed continpously throughoutb the eyperiment, providing
soveral cycles of pancreatic synthesis and scovebion. The mixed tissue
proteins were exomined o theiv 9 contents two hours afber the final
injestion of glycine. The liver protelns from the Hwo groups showed

‘i
wn wel

no &iffovense in PN content s but bthere wag o great Adfforence in the

mixzed probeins of the paaoreas. There was greaber incorporation of
pan creatic animals

Wy anto the proteing of those, fod before the experiment. This would

show that move protein was passing through the glends of thes conbimually

£od mwice and therefopre more gynthesis ocourred, Sioce the duration

of the ewperinents was the same, the rabe of syobhesis must be

accelerated Dy seevebion, The velidity of this conclusion depends

¥

on she essumpblon that the curve of the gpeoific activiby of frec

>

glycine is the some For fed and faghed animalse  This will be commented
o when we progent our own datos

Aldfrey ot ol (1983) almo showed that secvebion bad a grecber

3%

Plect on the incorpocabion of “Heglyolne into the mwicrosone
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pyobeda, bub that the locorporabion of 4 Yieglyoine inbo the RMA

purines was uwneffocted by sueh ebinuloblion.  On the other hand,

. e - & - L ) 3;4;‘4 o . a
Pornendes and Junguedsa (L065) uscd ““U-glycine to study incorporabion

into probeoin and inbo RUA ab the same times  They found thab, alter

stimulation by corbamyloholine,; thoye was en dncressed insorporation

4

off lebelled glycine iubo probein and at the same tine o paraliel

J. 1)

inerease Lo lngorporation inbto RWA.  The explavoeblon may lic in

L] L)

the possible conbamination of the TNA with highly acbive probeins
The method of preperation of RNA desoribed by these workers would
support thils viow

The svidence provided by the upc of 5% 4o measuro RN urnover

baz alse proved to be confiiebing  Wlus, Gubeoymiov and LLina (1950)

b & fi’#} 7 % O h T )
have weporbed an incrsase of 9 upbale by RUA of many tiassuep after

shimalabion with secrotin. The inoreases they dbbained wore L2007

by pancrens, 4004 by the parotid, end 5007 by the livews It i

]

popsible that the resulis dbinined wore due bo the pregsence of
sonteminating subsbonces, such ap inovganic phogphato, in theie
RUA prepavation, which widler the experimentel condiftions wonld have
a verny high radio-asbivity, However, Uz Deken-iranson (1953)
worling with mouse pausrens, and usiag bebber maalybical metheds,
vas unable to show any incroase in 5% uptake by BNA afber stismlation
by pllovarping.

It would appear thet the lack of inoveased dncovporail on of
ik

»

4, . B8 . . . . .
“Ceglyoine or “20 iuto RNA would agreo with the quanbltative date



that there is no change in RA during the secrebory cycle. This
agpect of pancyeatic metebolism will vecetvo further congidewvation
in the light of our own data.

Juaqueira, Hivsch and Rothachild (1955) have studied the upbalke
of 14?Gmg;1y‘c:lm by the proteing of vat pancreabic julces They found
that in rabts continuously stimulebed by dntravenous secvebin theb
:"‘?’G«nglyaine does nob appear in the pancreatic Juice unbild nincly
minntes afber injection. On the dnjechion of previcusly lehelled
plasma proteing they found that vno radloeachivity appeaved in the
pancreatic Juice, thus showlng that plasma probeins cannob serve as
the precurseors of pancreatic engyme provein and that no plasma
proteins ave excrebed ae puch along with the pancreatic Julce.

Trom those various sbudles on dzobope upbake by pancresbic
tiasue and eell Tractions it ds appawent that the dncovporation vate
1o high and, os in obhor tissues (Mulbin (2950)), the microsome
fraction ls highest at cawly time intorvals afber administration
of the labelled compoundge This upialke is enhanced by stimuli
cavging dlischange of secrebilon. Porallel changes in RNA mebobolisn
following dischavge are still dispubed, smd the welidbility of the
evidence favounring changes in RNA mebabolism with seoreblon can be called

in quostbicn.

(b) Bozyme Synthesls by Pencrces Slices and Homogenates: IHokin (19512)
demongtrated that plgeon pancreas slices can synbthosise anylase on

inoubation with glucose and a completc mixture of amino acids. Labeyr



Holin (19851h) moddfied the amino acid requirement to the wive
essenbial amino aclds present . in amylase plus tyrosine. During the
.,s'i,mi,}:;eﬁ.!.s the upbake of oxygen was increased as compared with a
nm'sméynithras:iszlng slice, The value of cerbain kotowacids
(corresponding bo cerbain essentisl amine aelds) was also demonshbrateds
These studies in mylaso synthesis were exbendoed when Schucher and
Holein (1954) showed that obher cnzymes, wibomiclease and Llipago,
wore also synthesised by pancreas slicose

MeReHokin {1956) demonsiveted that dn mouse pancreas "slices"”
gynbhesis of amylase ook place under acyebic condiblovs. The
addition of amino acids bo slices of peucreas from fed mice did nob
augnent the productlon of amylose as had beon demonsbrated dn tho
case of plgeon bizsue (Hokin, (1951a)). However, if the nmouse hed
been fasted for twenby four houvs, then the addition of amino aeids
to the lacubation mixbure augmented the production of mnylasc.

Younsthon and Fricdon (1956) have confimmed Hokin's work on
pigoeon pancrens slices and bhave investigoated the effect of cnewgy
souzzes othey than glucose.  Foucbose LiGe=diphosphate and ATP wore
found to be effective bul glucose itseld was superior.  Several
amino acld analogues weye tyded and were found to be inhibibvory to
the incroase in anylase found on incubabion. Tho effecht of various
homnones, autibiobics and a mizbure of purines spd pyrimidincs had
no effect on the course of the synthesis. Sbwavb (L95%) has reporbed

that with pancreatic slices he can dbtain similor vesulis to those



KV

described ?gy Holedan though porbapshds lonovease ix the preseuce of
amlng ac:‘i,{ix; iz nob a0 largc. At the seme tine he finds that
vadio~acblive tyrogine and yvedic-actbive glyoine ave incovporated
into the protoing of the tlosus,.  Wohen, howover, he includes dn
bis dncubation medium an intibiltor suweh as fluropheunylalanine, he
finds thot, while the upboke of lobelled amino aclds is reduced,
the productice of awylese by the tissue slices s Juliibited much
legs. This would sugpest thet the production of anylase in bliosue
slices in not entively o de nove sywbhesls from amiao aclds, Lub
perhinps also ontalls the production of smylase wolecules from
polypoptilde fatermediaton. Fornandes and Junqueira (1956) wore,
howover, unable 50 ¢blain any lncrense dn amylase conbonk on
incubation of pigoon pancreas slices in the presence of conplebs
amino acld mixburss. In an abbenpd to Justify thelr dobe, they
point oul bthat the vabe of synbhesis obboined in tissue alices by

Hokin far exceols the capaoily of the panorens to gyntlhesise amylase

An vivo. In thelr biopsy expordments on the some plgeon poucrens,

thay Tound bhat, following doplebicon, nmylose yegtovation was fap

less than the focbor of three times the depleted level as found by
Holkdn in pancreatic alicos. Phio would appeaw bo supgoesht thab

dn vivo  the wate of amylase synbhesis is dboub one quarber of thob
found in witro. % woudd appeay yom bhe Pigores prescaobed dn theiw
paper that the nitisl value of the smgylase leovel in their tlssue

slices ds very kigh as compaxed to the Indtial volue quobed by ilokin



v moy be nenbioned ol this nolub that our own dad

. bo he discuased

lotier, indicobeg that Fernendes and Junqueiva may well hove foiled

e
3

o sesure adoguats expulsicn of engymes ab bthe beglming of thelir
erporinent.

Holtin and fokia (1.954) sbudlied the incorporabion of © 92p into
the mucleotides of BNA in pancreasn slices duying onayme synihesis
and. seovebion.  They found that the incorporation of 52 Nake)
Hwobally Johibited under apserdbic omnditicns. On stlmlation of

engyme gynthesis by the 248800 on of o camplobe amine acid mixbur

there is an dncreeso in the speslfic activiiy of RNAP apnd als

s

an increasc o respiveblion.  Omission of buypbopben sbolished the
shinmelating offeot of the amino acids on engyme production, bub had
w0 offect on wespivatlon or RYAP buraover. Tt would appear thai
the Inerecssed bturnover dn IR noted was nob dirvectly related Ho the
increased gyothesis of proteln, bul o sone effeot on evergy
metel S0

The gynihesis of awylase by cellsfree honogevotes bas bear

slatmed by Straub eod bls co-warkeen {1958)  Thoy have demonstrabed

that, dn a homogenzbe of pigeon psuersas or s "Mitoshondwisl" froction

of this homogonake, an incwveass In mgylose content vesulis on incubabion
with a complebe amino aold mizture ond a hipgh concentrabion of ATE,

Hey bowevow, prinbs oub that, while this s o "homogennte’, theve
ave still structuren preseny o which poereahililty faobors sbill

operate.  Uonsequently, he prepaprad o water exbyracht of csehbong-dnioed



e

pancrens snd demonsbroted that this prepavation covld abill synthesise
snylage when incubabed with AP end amino scids. e found that the
synthesis of anmylose was lohibited by elther Chlorsmphenicol op
Tluorophenylalanine, Ribomuclease alao appeared 4o inberfere with
this synbhosls. In a laber paper, Stravb and his coeworkers (1957¢)
have furthew invesbigated this sygien by using vadlo-acbive awmino
aoids, and ©ind in the homogenate and cell-free gystom that the
uptake of rediowachive amino secids and anylase synbhesis do nob
oceur in parallel. They showed that, for the gynthesis of
amylagse, only two amino acids are vequived, viz. arginine and
threonine. These amino acids ave presumsbly requirved foy the
completion of the amylase molecule from precursoxs of a polypepbide
nature. Since synthesis coovrs in the “mitochondrial® prepavration,
he suggests thot the union of the polypepbides with avginine and
throonine ocours in this part of the eells Hls scheme of synthesis

io show diagramabically thug:-

Microsomes. Mitochonderia, Gramrles,
de novo Synthesis fvom | AP + Argloine + Threonine

amlne aclds.

|

Pro-cnzyme - > Amylag

R




Teem the doba on penorcatic alices I% 4 appavens thab

enzyme formation dn vitro can be demonshrebed. The ¢lalm

o

that 1% con cosur in cellefyse gysbems hos also beon mades,

and thie will be cvalveted dn o labeyr seotion of this

Toan this svrvey of the Liserebove on engyme fonmatilon
by whe ponoroas, there ave abill a nuwboer of Tundsmental
poivte in ueced of elucidetlon and there ave several FTeabures
in digpube by Alfferent dwvrentlgatonse In ovder WO usQ
pangroatic cogyme synbhesis bo thyow Light on the mechonisn
of probein synthesis, % has thevefore hesn necessarny Go
atbompl a oomplelo bilochemical cxemivebion of the changos
ooourkdng dn the progess of enmyns fommatlon by this glond.
The date have been sgsenbled in the following seobiong, which
are Pinally brought together in o general discusaion.

J. The Composicion of the Ponuweas ab vosh and

duving seoreblon.

, VI .
2« The Upbahe of ““Owlegiyoine by the probeing of
Aiffevont acll froctions of Pilgeon Ponerens.
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The Mobabeliom of A during tho secyetory oycle.

In vitro Synthesip of Auylascs

The lozation of Boved Mylase v the Panopeatlo Uelle

The role of the Mlovosonss in Posyme formatlon.
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The Composition of the Poncroag
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TCRODUCTTON,

Shuddes on the conposilion of the pancvess vaported in the
literatore are not very numerous and hnve alrcady beon enumerated
in the dubroduction 4o this thesis. The resulis thet heve bean
dotained by other workers have tended o be counbradictory or nob
vory couplebc. In gpder o clarify the position, we undexbook
the avalysis of the ponecress ob rest and in achive seovebliom The
provious state of kuoviedge moy bo briefly resopitulated,

Regbiog glands  Kheshin (1983) has Pracbionated nowmal pigeon

pancreas and hos Pound that the emylase dlgtribution is very varieble.
He veporis the digtnibubion, as Tollows:~ Mucled cbce 4B, 5%,
draniles and mitoohondria 97 « 56%, Micvosomes 15 = 3a 30,

Coll Sop 5% e 53% Holein (1955) feactionabed vosbing dog

panceens and found that the highest concentretion of anylase per

mgs of mitrogen vas to be found in the grawles. Thoe micvroscanes
were very low indeed; as discussed laber, this may be dve %o the
lack of accessibility of the amylase in the microsomes.

Scoxeling slands Studics on the secvebing gland are nob parbiculerly

imwnneous edthey, and onse again, congidereble voariztion is onoounberets
16 ke generally agreed that dboub thivky to sixty minubes albéw
abimidaltion, the cnsyue conbeat drops consideraiily. The mogeitude

of the drop vardes widely and theyrs may be o logs of more thon half



of the smylase contont. (U;.xly" and Wirsky (1952), Pernandes and
Junqueira (‘.‘LQE}S’) J . Tho weight of the glowd bag Deen reported 4o
deop alfber f‘"?..gmﬂu.m&_.m‘s. (Farber and Sidraasiy f_}ﬂ&ﬁb})g bt the wide
variation found in individual w:':'a.g;hus of paneressss Yonds to dimindiobh
the veefvlness of such Findings. The botald protein conbont of thoe
poncreas hog been lnvespsigated by Tarber b al vwho dewonsbrated that

the Botal probein sonkont fell during seoreblon. This finding does

not agree with the conclugions of Doly and Mirvsky (1952) viho wore
uwasble to debeut auoy shonpe. Although the probelin conbent of the

wihole gland bas been investigated therve is no informabion about Lis
digtyibubion in the various giboellulay fractions.

To date, there do pol appsar o have bheen any gtudics of the
olanges dn composibion and engyme copbent of diffevent subcollulayp

fractions during seswsbion ond resbilublion. in view of the
sonbradictory Pindings on the resting gland, ond choeuce of data
on the actively secrvebing glond, wo ecarvied ont studics on the

welpit, Lobal ndbrogen, probein and anylase contend of differont

¥

Tragbiong of the pigeon pencreoss afb vesh apd following stimulabion.

;}{.’ﬂ%}* 2 rl‘ﬂ TIEAT Wi e

Bleda: Lo This series of expewvimends, svnlysis of vhole pancreases

and pancyreatic cell frogbions wers made Lrom plgeons whiech had

undergone Aifferent trenlmentse ALL birds wore fed ad 1iblbum



Ag.r’oupcz,d
with corn and malzcs Bivds wepe selecbol o rondom andl ddwided ap

followssw

(2) Unbweabed piseong, - MNoxmal plgeons which had received no

special tyreatment.

w

(b)  Doplobed plegons. = These birds weve injeebed intvomuscularly

with 007 mg of carbemylcholive 456 minutes before secrifice. The
afier interval
period of forby-Tive minutes was selected because, @b this time Abhe

lovel of cngymes 3n the psncreas is ot s lowest ( Holkdo (1952);
Pornandes and Junguelrn (fi.'é’%‘;%sﬁ),z)i - Saliwvabion and prostrabion coourred
in these bivds to o varichle degree. Ouly in bivds which had
goldvated,could 1% be safely assumed that the panereas had discharged
ibs engywme contents

() Recovering Plgecns: «~ These birds wore injected with carbamyle

c¢holine as befove, but in this group there wag a Gime interval of
mterval
ane hundred and sixty five minubes boforve saorifico. This, dme was
chosen ag represeabing the wecovering pencreas on the basle of evideuse
provided by Pernendes and Jungueive (1985).  Tu this group, the pancreas
had been deplebed bul was now parbially vestored in its ensyme conbents
The birds woere killed by decopibobtion. The dhdominal wall was
cleaved of fenthors and opened wilh o postesbernal dncision. The
duodenvm was locabed and the pancreas removed with selszors. In mogb

experiments the poncrens was wolghed immediatoly.

Prepavabion of Homogenobe, - The panowens woas Linoly minced with

seissors and transferved to a Pother=typo pevapex~glass homogenisew



TABLE T

T TN Aadd $0p TR T

schene  of Qell  Frachiovabion Cavcied oub on

“hpeon  Pancroas  Homosenouge

PANCGRELRS

Homogendaed
in 10 volumes  MEDTUM

G{)Ggﬂo
iw-w"v-. L f 3 L Y '
Residue {(Macled ebe.) Cell Feoo Superaatonte
100(38&
N ' ) o 2 R s + Ee el B i .
E Groyules Superiabant
[ RIS T
‘\i&.i,gﬁhumwi ( 66008,
Fracshon Lsochondein Supernhtant
10,0008
s WMICTOS0NEs (L) h o © Supeynsbonb
Mie 18,0008
Mraction g K wmmam (2) Supornabant
{ 108,000,
Gell § i T ' |
&5‘»@ ULyl orosanet el Sope
vaction {

This reprosents the complete scheme,. ITn cerbain oosoes
modifieations were made and caf{.nm ractlons wepe not sepavebed,
boing chbained with the noxt fracbion. G g (E*muu“!.c:ﬁ and Lﬁi‘touhon&ri
Miovosomes (1) ond (2): Ultremicrosomes ond Cell Sape



The homogenining medium was eithor 0258 M sucvose o 0«25 U sucrose
in 0e 2 M phosphate bulffer, pi ¥e e The quantity of homogenising

medivm wag 10 mis per gne of poncveas. The homogonisation wos

carried out at 0%

;;-g

acvionation of the Homopenabe: » This wog corvied oub hy ddffeventinl

enbrifugation at 00 as oublined in the flow sheot (Table 1), Bach
fraction was ve-homogenised dn a lkaown volume of digbilled wober and
egbimotions corvied oub ag describeds

Besimotion of Amylase: » The esgtimation of amylasge was coryled ous

by the method of Smith end Roe (1949), with the modification sugsested
by Hokin (1981b). T4 4m nob sufficlent bo esbtimate the amylase
conbent of some subeellulay fractions withoubt fucther treat tment, sinoe
not 2ll of the smylese ip dn o fyeo forme  Bome auvbthors have used
bubkanol to free the amylase from subecllular particles (Khessin (1953))
(Stravb (1955)), but we have disinbegrabed pavbiculeto naberial with
Ballotind bends for reasons giveon in a labey seotion. The debtails
of the actual amylase cebimation ave given in the appendiz.

Eatimation of Nitrogen: « The micro-Kjeldahl mebthod was used, Ml

debails will be found dn the appendix.
PP

Protein Witwogen: = . The nibvogen content of trichloroacetic acid (TCA)

(%

precipltoble matewlal wag debesmined by the micro-Kjoldahl method.



TABLE 9.

2
[T Tess LR ST Tt Y

Tffect of different Homogenising Mcdln on the

dilabyibution of

anylage and nitvogen in different cell frecltions.
AVTLASE NITROGHEN MLASE mge TH,
FRACRIONS S

Sucrose. Suerose=Fig,

Sucroses Hucrose-Flg,

Sucroacs SucroseerQ,

=l

W sochondria
and gramiles

Mlorosomos

Gell. Sap

_— P,

% 7
1865 BeB
16 113
70: O 806 4

%
iy
Xon

;O
3»‘?0 5 8. 2
578 220
4%e & %0e 6

1205

Smith & Roe Unibs,

£L5 1260
257 890
1405

The date give the distribubioa of the amount of amylase and

nitrogen reouvered in each Traction as o percenbage of the tobal

amouny o the whole homogenntes



RESULES  AND  DESGUSHTON,

The gbject of these cxperiments was bo provide a more caaplote
picture of the compesibion of the pancreos alb resh and duwing ensyme
seerebion, and especially to evaluate the changes ivn Oifferend
subsgllulory froctionss The Piret step was to study the effcet
of different homogenising medin on the remilis dbtained in diffevent
fraghions of tho cell. Following thig, the chemiceld ansbony of the
vegbing gland vas Investigated and finally, changes in cowposibion
during depletion and Pecovery were studied.

{a) The effeet of differont honopenising medis on amylese and

nitrogen dlstribution in the mubogllular frocblons,  As menbioned

in the section dealing with the preparotion of the homogenates, two

differont homogenising media were useds 0s 25 M sucrose is comuonly
uged dn eell freotionabion sbudles. Howavery we were intevestod

s}

gventually in thepreparabion of o coll«froe systcn which vould

synthesise amyloge and thevefore, soveral possible honogenising medio

-

were considoreds  In oxdew Go climinobe the pil changes which are soid

£

Lo

b
to cveur during the homogendsing process (Sichert (1955)), we twied
0e 25 ¥ suewose bulfercd with 0«2 M phogphate bulfer v Yo2e  The
Tiaal molerdity of this solution is 0s45 end this affeobted the cell
fractionation procedures Toble 2 shows the vesulbs obtained with

the two honopgendsing media, dece 0625 I pucroze and (.25 M sucrose

bulfered with 0.2 ¥ phosphate. The vesults in each case ave



fa

expresped an o percentage of Tthe tobal conbonb of the homogenato.
The effect of the sucrose-PO) is to reduce the yield in the heaview
frackions and 4o kecp the maberial in sugpengion go that there is o
higher proportion of consbibucnba Found in the cell sop. The
alterabion in composibion of the cell fractiong, due bto Giffevent
homogendsing media, cwhasises the veed for conditiong of oell
frachionotion to boe aalg)ﬁsﬁly defined, Ta s oell homogeounte bhove

4

oxists a specstyun of particles of all sizes and the exao

2.

5 poiat of
cub of the fractions u arbALYALY, Nevertheless, cerbain well
deined pavbicles svae lnown o exist,; dbub the only cerbain way of
preparing honopgencous fractiong is to examine each f’:r?é@'i;ion vwridth the
elesiron microseope,s This ds, as yeb, #o% o prachical propesiiion
for our gbudiese We generally preofer the sucyose medium because
vaen we studied lobelled anino seld wpteke idnto subeellular freobiong
we found that sucrose gave us resulbs for the ponerces wivich wore
compaveble o those fouwnd for obther tlsswes,  The ups of sus:maae;mlﬁﬁ}ﬂ
led to some apomelous resulbs with mﬁwg&yﬁﬁ.\m uptakes {Sechiom 2).

(b) Digbrivubion of conghituents in the ronting pouoreage  The

a

disbeibubion of amylage in diffevent svhocllular froctlons bas been
raporbed by Kbesyln (1985) end Holkda (1955)  Khossin made use of
butanol bo Liberate the botel enzyme gonbont, bub in cur experionse,

this loads o pavbial dascbivabion of awylase (olso found by Hokin(1955) )

Holedn (1985) did not submis the subcelluler frachions %o sny Powm of

treatment, and thic may exploin bis vevy low micvosomal wmylose contond,

L



Tractionat

TABLE 5.
P R T )

ion of Pangreabic Tisoue in O 281 Sucroses

Feoabion. Mylase Total Wivogen Myylage por mg Tl
Gmith & Roe NE e
Uit e ) 3
Groniles 1880 (6. 57) 1. 06 (5. 0F) Ly 790

Wb ochondris

Microsomes

Ultranierosones

Goll Sop

2667 (Y 5)
2558 (1.6a 57)
539 (a4

18,200 (667)

{957

]
*
s
%
b

Po 74: (56a G)
20 56 (12.07)

7480 (57.0%)

The date weve obiadined
vhich two pigeons were sacwificed.

A

each reccion the dain
are oprassed ag

the total panereatic content veprescnted by cach fraction ig

-

in poventhesise

the fotal amovnt per glonds

in two dndependent oxperiments, o cach of
The birds were wnbreated. In
for the euylose and bobal nitvogen conbond

Yha povocentoge of

gAsren




ginee wo have found the amount of noneorvailable (bound) amylase to

be highent in this fraction. Our data on anylase ond bobal nlbropen
digbribution are given in Yeble 3, for-a robher widey wange of particles
thon oither of 'i:l%lése aubhows prosenlis. Puethemmors, the amylase
conbens is probably ad accurnte estimote of the total enmyme conteny

in each fraction, sioce Ballobind beods wers nsed to olfest its complebe

Liberation, (Sse laboer Seeblon 4)s  The resudis awe exprossed ap the

vobal contopd of cngyme and ndbrogen in the individusl fractions of

the gland, L6 will be noted that the hiphest quanbily of amylase
is Pound in the cell sap. The microsomes avre nexb, containing more

3
amylase thon the mitochondria or granules. The ulbvamdovosaaes are
Very poor in oaylascs The digbeibution of nlbrogen shows that the
graniles conbain, oy, 54 of the tobal nitrogen, Vhen the
concentration of omylase per mg of nitrogen is caloulated 4t dia scen
that the eell sop ds highest Collowed by tho grawales, This Pinding
would dndicabe thet the ooll sop euzyme could not origluate Lfpom
buret graowles of the type dsolated in the cell fyrestionntion
progedure wince, Jnevibably, thio would resull dn the cell sop

4

hoving o Llowey concentration of enuyme per mg of nibvogen than the

groxnilese e could be the case thal the grooules avose fyom the
engymes of the cell sop by 2 process of apgpregation. Mnother

a

poosibility is that there is & populabticn of wicher and move fragile
grannles osoureing in the oell, and it is those gramules being ruptured

during the homogenising process that give the ecll sap ibs high omylose



4y

GONGEGe Further congldoration will be given bto thils problen
later in this sechions

Thowe are two polnbs which should be mentioned of this Junctuve
o the ealoulotion of dobts of the type presented dn Toble 3. Wirah,
whon & glond such as panoerses is homogenised, some udbroken cells
olways ranadn. These ave renoved with the mueleary froction and
Pron o practical polnt of wiew the esbimabion of smylose dn such

mpberded s uwnsatisfoctorye  We alzo considewed thet bhe prepavation

of cleen muckel wos boeet with mavwy pitfalls and vob worth the
bechuienl efforb. fAocordingly, we esbimsbed the nitrogen contont
of the pesidue, e nuclel and wihroken cells, avnd allowed Pov this

in the calenlabion of distribublon of components pey pancresss Seoondly,
thio wnehing of ogll Prechionstis o voxed question in 21l froebionation
studics,  On washing, wnfortunotcly, soluble maberial tends to be
removed snd henoe, wrong values for cepbain components moy be dbtoineds
Gur evpevionce was thoat conbamingtion of cell frootions was nob vewy
high in respent of amylage ob leasts This 4o evident i€ we

considor thet the Wltromdcrozone feaction, violeh hod an omylege

contonh of 389 S. & Re unidbs, was seidinmented fram a solution which
conbaived 18,000 &, & H. volbs of anylase.

{c) Ghanees in compositidon of the whole eland durine scorabion and

rogovex

rocovepy:  Teom dade published by Fernondes cbeal (1955) 4% would
appear thet mouxtlunl deplebion of the pencreas ocourn ity to slaby

N

minutes alter stimdation with eavbanylcholine and thed afber o further



TARLR 4o

TRoe AT TR R RO R, (AR

Changes im  VWhole Panoreas duping
The  Soeowebony  Cycles

Wedgitte Tobal N ylase
(2. ) (g )  (Smith & Roo Unibs.)
Unbreated Qe 937 20e 7 33,170
Depleted Oe D54 284 8 18,520
Recovering 06 876 50 & 4G, 240
[Blrds per Group 8 G 3]




iRJle

w0 hourp the pancrentic engyme content ds olmost coaplebely wesboreds

Accordingly, we seleobed these as the most approprisse times o czamine
the composibion of the pancrens and Table 4 shows the resulbs dbbained
in the vhole gland. On the average, the nommal welght of the pigecn
pancrens is avound cne gn. and on depletion there is a tendency for the

welght Lo decrease. On vecovering the welght tends to rise back bo

vhe nowmal level. These differcncess however, ave not svoblstically
sigificant, the variations in the groups boing so wide, The botal

2

nltrogen of the vhole pancreas shows the some tendensy as was found

bt}

fox the vobol welght, but no sipnificant chonge was found. On the
other hond, the omylase conboni shows a dyop of 507 on depletion and
on wecovery acbuslly exceeds the contyol waluo. Such an dhservation
has been peporbed by other workers (Robinovitoh ot al (1952)), (Dincen
anil Robertson (1955)). Ouyr daba indicate therefore, thet duwing the
Swo hovwrs of recovery, the amylase content of the pancreas hog visen Ly
a Fackor of 2 de Is would appeay thal the Tactor of § dbbained by
Holkkin for pancweatic glices dncubabed in the presonce of amino saids
ie nobt so dmposeibly large as Fernandes ot al seom 60 conslders

Feon these data 1t is eppavent that the deplebion apd vesboration
of enzyme conbont is not accompanied by a corvesponding change in
wedght ow total nltrogen. Hence the change ocourxing during the
secyetory cycle must be esgentially confined to expulsion and

£

regynthegis of the scovebory produchs.



PABLE B

e e

Chaoges 4o Mitrogon Disteibubion in
diflerent Coll Fractions
during  Sesvebory Cycles

[ T ) =

Total Nitrogen mgs.| Probein N mpg. Won=Peobein ¥ mgo,.

44 o ORI

AT

oo AT L ade 2

PFiogrbion ‘ )
Ue Tie e (1 Ds its ¥ Ds Ro

Misorbondeia 3:08 2:.88 3,40 o328 212 1e85| 0ed2 0.47 1.96

+ Grannlos.

Weronomen Ted0 B4 GodH 4,00 2,90 86351 212 1,02 2,81

(1) = (2).

Dell Sap 168 16l 2064 10,66 D DL 1055 | 4484 5,42 0,47
Uit ramicrosomen

LT IR

-
v

U = Untreated, D= depleoted, R = Recovoring

The obove data ropresent the changes found in the dlsbribubion of
Total Nitrogen, Probein Nitrogen and Non-Probein Mitrogen in the esil
fracblong of pigeon pancyrens during the secretory cyele. The homogenising

medium used was suerose=Fli. Non-Frobein N = Total N » (Prll + RNA Nibtrogen)



TABLTR G

LR ST 22

Tistribubion of fMmylase in &ifferent Coll Prachions of

Flgeon Poncreas
During the Secpebory Uycles

Total fuyloge per Fraction Mpylose per mg. Pl
Unbreatod Ileple*bec‘i R@covex*:‘i,ng; Unbreated n:apj ched Re soveri

Msochondyia
+ granules.

Mi.crosoms
1,

(1) +(2)

Coll Sap +
In Z;.u [ & I.‘ o
miorosones

L eSS

L0 2630 4230
(w2a7)  (+2078)

4570 3020 4460
(=32)  (=20)
¢ ch 00 -u.)g 700 a)pﬂ oG
( "t.}*}:/{:) ( -4 /a)

1510 1,240 23110
(=187)  (+397%)
1140 1006 1415
(n‘r} t?) ('3" ,?%)
$980 1860 5020
(«d53)  (+537%)

The dota presented ehove vepresont Vhe mean of 8 bivds, coch group.

The amyloge unibs ove those of Smith & Roo and

the flguvres in paventhenis

v, >, ﬂ'»' e ) o Py o ATy AR ' .
represent the changes from the level. of the wnbvented bird,

Homogenising medivn uged wag Suerose-£0 ).
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(a) nonges in compooibion of dndividual cell fractions duping

seovelion and reUOVeryes Table 5 gshows the changes vwhich hove

ocourved in the bobal nitrogen, proteln nitrogen and non~protein

nitrogen during tho gscevebory cycles The ‘total nitrogen Tiguresn
do not reflest changes of any great Amportance. Vihen the protein

nitrogen fipuves avre oxamined, however, Lt ig ssen that the mosy

ptrilting chonge cocours in the microsome Traction In vhich, on

dopletion, there is a loss of 30k The loss in the obher Hwo
fractions, a% the seme btime, is only around 107 Regovery in most

fraotiong is movked by a veburn Lo the nornal leval.

The none~probein nitrogen dota tend to favour an sccumulabion
during the vecovery phase ob a time, when prosumebly, free emino
acids would be mc‘;‘ﬁ:iméi for proteln aynthesise

Table 6 chows the changos vhich have cccurved in total amylase
per Praction (based on theowelical weoovery from the vhole glend) and
concenbration of swylose por mge of projein=nibrogen. Tt would
pppeny that the groateost loss in awylase asours dn the cell pap (557),
whereas the mitochondrio end miorosancs lose shoul 507 On ¥ecoveny,
the ocll gop exceecds the nermal volue by cbout 50%  Ouly in The
mieyosone fraction is the resovering value less than the noymal
rvesbing levels  Vhon the concentration of amylase per mg. 0f probeine-
nitrogen is considered it ie seen that in the miorosomes the concenbyation
e foirly steady during the seowebory cycle.  On the other hand, the

mitochondria and ocll sap show both a comsiderable loss por ng. of



provein-nitrogeon durving depletiocn and o covrregpondingly lavge looveape
in the pecovery processs

The dota provided by these sbudies would indicate that the
cell Troctions behave differently in relation to the secwobory
oyoles Thus, on deplebion the wicrosome fraction sppears bo loge
enzyme and protein in parailel and this pavalleliom is otill evident
in the reeovery phase. The mitochondria and gramile fraction shows
on depletion a greates imm of emylase then of protein and a greabey
gpin of auylase in the pecovery process.  The cell sop shows the
biggest loss in emylase pew mge of provein and exbhibits the greatost

7,

B

in on recoverys This would suggest that the bulk of the probein
of tho mitochondrinl fyraction and cell sap is wnconnected with the

SECYOLONY PRS0

CONCLUSTONS .

It iz genevally held that the cngymes of the pancreas ave

lovated in the granules and that, on dlschoyge, these granules ape
oubruded through the cell wall into the lumen of the acimug. The
probliem of the formabtion of thego engymeecontoining gramlen ds thus
incimntely assosisbed with the provess of provein synthesis. 34 is
comonly belicved that the microsomes ave involved in protein synbhesis

. be applizd te
and we may now proceed o consider how for thia might By granvle

foraation.
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Rirsbly 4t i apparend thab the wmicrosomes hove o low
omylase copvent compered with the gramvles and o the ccll sap
(Peble 8);  this would sugpest theob more of the micyoscme probein
io none-enzymic in pabtund, Yob, during deplelilon by ecarbamylcholing,
the wlocvosomes Lose proheln ab the sume wabte as they lose thedw
amylasce This suggests that complote microgomal parbicles apre
involved in the dlsoppearance of enzyme from bhis fraction during
depletion, presumsbly by begoming lavger shructufes on the way to
grammle Formabions 8 the microsomnes weve seovebing amylose,
one wonld expect than to loso amylase o a muwh groaber exbent than
protieii. In other Tractlons of the cell, changes in anylose
ooabent and protein centent do not chow this parallelism hesouge,
unitilke the micvosome fraction, bthepe collulay clemonts are mainly
wncomected with projein gynbhesis.

VWie would suggest that thexw ave two main possibilitics for the
Pormation of the zymogen groanules fron MICPOSOMOH.

o

(a) Seoresicn of enavme by microsones duto the gell sop, Followed

by pubsequent aggrepabion Lo Yovm gravulese The possibilisy thad

vhe engyme ds secrebed divectly dubo the cell sep by the wicvosomes
would account for the high concenbration of wygylose found there.

The formablon of granules would theo bake ploce by the aggregation
of the engyme molecules.  Such an aggregation process wovld resull
initialiy dn the formabion of amaller porbicles vhdch would scdimend

0] 3

with the wltramicrvosomes as well as with othew coll fractions,
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s

depending on the gize of the apgrespbes The aspooiobion of

highly eotive cnzyms pavbicles with the ulivemlerosone fvactlon

e
1

L

wourkd posult In this fraction possessing o high asylase conbente

Tabhlo 5 showed Thab the ultramicrosome fraction has o very low

L]

posaibility that agevesoblon of cngyme

s

amylase conbenb and ¥h

o

meleciles ocours dn the formation of geonmules doco aob seon very

<&

Likaclhy.

(b) Gremle fogmobion by debachment of a parbicle from the

endoplasmle rebiculum followed by maburabion. ihe parbicles arve

Yot

formed in the epdoplagmie vebioulun (miccvosomes) and gradually ¥he
mzyue eowbent increases. AL the same bime bhe parbicles becone
laygey and morve fyapiles The mosh mebure particles eve highly
frogile and are yupbured during the process of nomogenigsabtlion,
wesulting in the very hilgh omylese conbent of the goll sop nobed

above.  The particles which we dzolate in the graovlar {raction

4 e

e

ave nob the most nabure ond honve are not xuplured in the hoanogenisabione.

We shall atbeosph Lo subghontisate our $deas on the formmation of the

sevrstory pramiles of the pancreas dn the later secbiony of this thesice
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Uptake of 34&2&513;'{3;1?5.@ by the proteing of
different eoll fractlons of Plgeon Panoveng.

2y




TNTRODUCTION,

- ) ‘// ° - - . l’-}ea 8 + L3
In this /*zamass of experiments the upbake off & Teplycine inso

the proteins of panoreabie cell fractlons waz measursd ab verious
times afbor adminisbrabtion of the lzolopes ITn view of gcorbain
contradicbory Lindings dboub the labelling of RWA during the
pesyebory eyole, it was decided to iwnwesbipgabe this problea ob
the same Bime; the wesulis fron thils sbudy will he reporbed in
seobion & of this Shesiss Wo used cithor suerose or suerosg-Piy
og the homogenising medium and the cell fraationmstion was caweled
out as desoribed dn ssetion e The glyaine was messured ag the
MP=derivative.

Peopaxotbion of Birds: The hinds weve fed ad Libitum with corn and

MALLC Seleotion was at randan and the birds wore divided inbo 4he
Lollowing proups ;=

(a) Conbrol biwds: these Dirds were unsbimulated and ounly

received an intyvamusoular injection of “*"‘i‘a‘azémg;l;y"ﬂzinea

(b) sbimwlobed birds:  these bixds weceived cardhanylcholine 49 mimibes

before the Ho-glycines in these birds the pancreas had been
depleted of enzymes befoyxe the administrabtion of the dsobope
whioh would then be availlable o the panoreas for proteln synbhesise

n 1Y gy ‘: Iﬂu A - ] A g
Admindstretblon -of Tuobopo. 4 LePmolyoine wag Injecbed intramigeunlarly

at a dose of 40 A © ez Dixds

The birds were killed by decapibobtion ot various tiwme intervals
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&

afher the injectbion of the daobope, The pounvenses weva pemawred
and Pinsly minced with solsscre. The wmivee vwas Alrided into Wwo
et

aal porhliongs

{1) Tor cabimabion of fvee giyeing:  The blssue wos honogenised dn

)
Hpes Ap

20 wl lae-cold 10% BCA in o Neloo bHlender.  Yhe probeln presinitobe
was vemoved by contrifogebion ob 0° and washed bwice with dcewceld
107 08 The TCA wan exbracted by ether ond free glyeine estimsbed

by the DNP method as deseribed dn vhe appenddy.

(2) For celd Ceactionshion: The tiegue was honogendsed dn 20 mis.

of medivm and the svbhoellular fractiong dhiained by ddfferontinl

L] )

genbrifugatdon ag doseribed in Secbion la The protein dn ench
Fenotlon was precipitabed with doee-nold 107 0. Alber Lipld

exbraction, the probeing wers hydrolysed with 6N hydrochleric scid
Por eighboon howrs in 2 olosed tlbe.  The hydeoohloric aold wes
removed Ao vacuo  ond the glycine estimabed as the WP derdvative
an degeribed in the appondi.

[A]

RESHTMS .
Wk A il T I Y

Exocrimenty uslug Sucrose-R0, ag the Hoposendedns Meddwn:  ¥n the fived

sories of ewpesimends 4o this section we used the penorveanscs o
Pirds and of Hirds sbimulated by injeotion. The stimilabed bhixds
were zaceiliced on one doy and the copdirel birds on anobther cccasion.

Tinceactivily curves were construched for bobh these serics of birdse



gpeclfic Aotivitics of Clysive in Amilnoe Acid

Pool and Probeins of Pigoon Panovenss

Yime afbey Freo Glycine | Mbochondyia | Microgomes |Uell Sap
Glyeiane N - o
injeobeds Co L, Ca I G o 0, Le
m,&w Boss | )
L5 16,950 18,000 878 145 a0 W0y 574 BS
45 16,800 15,900 | 2108 g70 | 2700  1270| 3200 40
80 ToB00 13,300 | 3860 1988 | 1880 2800 2920 2410
0 = Qonbwol. I = Injeotions

The data arc expressed as counds per minute pew /(/( W glycing, The

medivn used for homogenising was SUerOEes
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Specific Activities of Protein Glycine in Different Cejl Fractions
Isolated 1n Sucrose-Phosphate Mediuny .

(as cp.m. per_«M glycine).

RESTING PANCREAS STIMULATED PANCREAS
4000 -
... "Mitochondria’
3000 | "X 8
' Cell Sap
o Microsomes
S el
S : / Xsap
2 N /
O \. , i
%5 2000 | R - Sl
Microsomes Loi [Hito-
Z’ chondria
S
&
0.
9]
1000 | -
1 1 1 A 1 . | x 1 i J | i J
O 15 30 45 60 75 90 5 30 45 60 7% Q0

mns. mins.



The remaliis oxe shown in Tigure 1 ond Table 7. The speoeific
aobivity of the free glycine of the tissue (Toble 7) shows a
somewhat different time couwse in theee two sovies, The
stimulated blrds exhibit o zlower bub wmove susbedned rvise which
wmoy occount for the genemally lover level of aobiviky found in
the tizsue probein of this group (Pigure 1) Tn addibion 4o
this differenne Jn gencyal level of uplake by bthe cdll protelns
of the stimgiated ond reabing birds, the patbern within the
sub-pellulay Practions differs 3n the two sevics [Pigave L),
in the onge of the roubing povorons, bobh the miceosome 203 ¢olld
sap probein atbalin thely mosimum aobivily ob 49 minvbes and
theroafhor £03) off chavply, whovreas the mibochondeinl fraction
continnes 4o show a sheady Ifncramenbe in the cone of the
shinlebed binds, old three frochlons conblmwe o rise duping
the ninety minutes &F the experdmente

we wore surprised to nole in these expeviments thab, ab shopd
time dntervals afber Injection of the labelled amine acid, the
uptake Inho the nicvestme frecobilon was nol nebably higher than

(Y

iobo the obhey ecll Deoctions an one wight antiolpate on the

bagis of studies wade on obher bissues (Fulidn (7950)) end also

the studies of MWirsky avd his corworkevs (1956) on the pavoreas,
vhere they found that the miovosome pellet hed o bigher Insorporaiion

T ;'. r - & L] L o ] ¢}
of j-"’.bzwg.l.;m:me Por Lirsd wlxby minnbes on compared to the obhew

provedns of the eell, This made us sugploious thot ocur microsoms



TAELE B

Lo =g

BEfect of different homogenising media dn the dlsbribution
TR af upbake of M-glycine by proteins
of cell Twactions of Pigeon FPanorens.
af cell Tractions of Pigeon Ponorans.

Flgeon No. l . Plgeon No, 2
15 minuten aflbey 40 mimubes alber
glyelno injectbion. glyeine injeoctlon.

suerase  SuonosesRi), smerose  Suoerosee-El,

Mitochondria 790 6o5 1568 1515
Mierosomes 1920 1895 2710 1280

Coll Suwpernaband 1100 12355 13680 2220
(Sap)

The doba ave exprosasd as counts per minuho pey A N glyeinc.
Y
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fraction, as prapaped o sucross-Fl, was cantaminoted with obhey
pavbicles less dniinabely convected with the process of probein
gynvhesise. This suspicion was sbrengthoned by our previons
experience with sucrose-Pl; In whdeh; as nobed before (Ydble 5}5

we Pound thabt the substitubion of sucrose Tor sucrose-Ply es the
hopogenieiog medium led o a redistuibubion of smylaso actlivity 3a
the Glfferant oell fractilcns. s was therefove depided bo perliorm
an experiment dn which bivds wors dndesbod with :*"}ﬂm@glyaim ontd illed
PLifhecn and Whivby mivutes therealbers Theln pansycases were
Aiwidad dnto bwo porbions, one of which was honsgenised In suerose,
the oiher in suercge-Flg  Differentisl cuntrifugebion was thon
performed and the protein isolated fron the two sevdes of fyactilons
gave She annlyals shown dn teble 8. In the coze of $he guevose nedium
the wlcoroscae frection exhibited the highest wplalo at both fifseon
ond thirty mimbese Ta the case of the suowrose<~Fly, the microsonme
Praction shows o 14ttle wmore achiviby than the cell pap ab fifbesn
mivntes, bub ds apprecicbily lower at thinty mimnbes.  Ih 4p therefors
evidens that the nobuye of the honogenising mediuwn profoundly affeubs
the observed wodio-aotivily and that the microsome fraction dsolobed
in suerope=il,, suifers dllublon with less wedio=achive materiols
Presumably the suvrone=ily, couses susponsion of the Righter
miboshondeiln and praonles so that they pags fubo the microsoms
fraciion;  corregpondingly, the lighter wmicrosomes will find

thelr way duto the 0ol zap Trocticns Tor these vessons the



TABLE 9,
G A et § AR 2

Spealfic Acbivity of Glyecine in Amino Acld Pool
and Peroteing of Plgoon Ponoreoss

Time afber| Frec Gramyles| Mitochondyia| ifLevosomnes! Ulbrae Cell
Glyoine mierosone SAPe
Injeatvions | Glycine
minutens
15 18,050 230 L3850 2O 1780 1008
50 11,700 2060 2046 4510 SH80 2400

The obove daba are expregsecd

£

oz counte: per mlnube per A W glycine.

0. 25 M sucrose wos used as the homogenising medivm.
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Specific Activities of Protein Glycing in Different Cell Fractions of
Pancreas lsolated 1n 0:25«M Sucrose. @s cpm per uM of glycine)

S00
19000 800
700 |-
600 -
13,000 | 500 [
400 |-
10000 -
300 |
7000 Free Glycine 200 |- Granules
5000 |- 100 }
l‘) 1Y i 1 3 A i i e J L |1 1 1 1 Lee ' 1 ]
“ O 10 20 30 40 50 60 70 80 90 O 10 20 30 40 50 60 70 8O 90O
& minutes minutes
kA 4200 ¢
D
ot 3700
(5}
. 2200 r 3200 }
pa
31800 | 2700
5 1400 2200 |
[an .
1000 L AMitochondria 1700 | Microsomes
£ woo b 1200 |
a. 200 1 1 i 1 ) Il 1 I | 700 ] 1 L L 1 1 ) 2
O O 10 20 30 40 S0 60 JO 80 90 O 10 20 30 40 50 60 70 80 90
minutes minutes
4,000 ¢
5500 r 3500 |+
3000 } 3,000 |-
2500 | 2500
2000 |+ 2000 |
1500 | 1500 +
1000 Ultra Microsomes 1000 t
500 | 00 r
e) 1 ) 1 i i " L P | O N 1 I 1 5 i L —
O 10 20 30 40 50 60 TJO 80 9O O 10 20 30 40 50 60 7O 80 90
minutes minutes



mﬁ,,.emrscmm radioeootivity will suffew o reduction thyongh Ellubioy

wiLh miiechondrds end throvgh loss of active papbicles dnto the

cell sap.  In view of these Liodings and thely dmplicefions, wo
deoided that a vrepetdtion of the data veing svereose os the honogenieling
medium wos desiveble, In bhe first dusbeonce only sbudice on the
vegbing poosraas were abbonpbods

Brpeviments using 020 1M Suovose ag the Homopenlsing Medlum: Tn thesc

cxperinonts & nore ambiblious schene of cgll fractionation was caxyied
through (Toble 1), Gerawmdes, Mitechondyda, Mlorosomes, Uliramiovosomes
ond Cell Sap belng proparveds  The wresulis are shown grephicolly o
Wigura 2 A5 She Diveb bwo time intewvals the wlorosome fraction
exiibits Dy Daw the highest astivily ond abbainsg a mavimm ob olxty
wimubes, followed by a declines This pleture g also show by the
vitramicrosone fraction which hao zm appraciably lower upbake of

n

glycine af all tine dvbewvals and also by the ¢ell gap which ecouals
the microgoms astivivy ab eivxby minubese  The wmibochondpdal Draction
similavly ottains a peolk of achivity at sixby minubes (Pigure 2)e

The only fraction to conbivue to galn radlo-ackivity duping the
nivety nimbes studied is the promuler fractioms 1% 48 also the
frackion with the Llowest wadiomactiviby (Piguvre 2)a

A confivmatory experimont on birds killed Pifheon and thirly

-

minnbes afber 5’%»@;3.3@&3&1@ injdeotion was carrded oub and the resulis
suppert the plobure deseribed oboves  Thay ave presouted ia

debodl dn boble 9



DISCUSSTON,

Our radio=activity deto may now be considered in velation bto
formation.
the gpénial function of the exovrine pancyrens, nomely the pworotdon
of gramiies and secovetion of enzymess Mg ddecussed dn Becbion 1,
1T wo agsume that the ensyme probeivs in thoe pancrestie granules ave
formed pyimarily by the microsomes, then we may conceive of two
albernative routes. Tather fragments of micvosomal maberial
undergo a maturabion process to Porm gramules, or alberonbtively the
engyme molecules ave scorebed inbto the cell sap and thevealiew
aggregate to form gremmles. Ve nay now consider how fop ouw
radio-aotivity datn go towards resolving this question. In so
dodng, 4t must be reponbered thot the yadiowactivity dalia do nod
distingulah between the Pormeticn of auylese and of obhex probeins,
noluding proteins not dovolved ia pancreatic secyeblon. The
covrelation of the upbalke of Mcrngl;y*@in@ ond engyme psecretion muash
thevefore he made with dne coubion.

The viow that the microscues aye the primexy site of anino
acid dncorporation in the panoveas (Ffor which much evidence has
been sccoumulated in othey tissucs) is supporbed by ocur rodlomactiviiy
datice Using suevose os the mediwm Por declation (Plguve 2) the
microscmes show indtdally o muoh hipghew uptoke than any othew coll
structurc. Since the mitochondriol Cractilon shows a lesscy acbivity

than the microsopal fracticn, end ab ainety nimbes alber isobopo
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injeotion is about Yo ablain the activity of the microsones, the

data ave compatible with the presence in the mitochondrial frachion
of parbicles (small gramies) devived from the micvosomes. Similarly,
the raddo-active curves (Meure 2) ave compatible with the formation
of the mature gramles from vthe smaller granvles pyesent in Lthoe
mdtochondrind frachlion since these two curves (i.e. mitochondria

and gramvles) bear a produst-procursor relebionship. T4 is especially

nobeworkhy that the gramile fractlon (prosunebly the only pure

3

b=

secrctony cnzyme fraciion in the eell) shows the lowesh upbake of
3‘%-@,13&3:1&@ and i s6331 accunmulabling sebivity afber ninety minutes.
This plcbure is econfizmed by veference to the daba on vestlng
panereas in the earlieor cxperiment using svoroge=FO, (Figure 1),
in vhich the soecalled witochondrisl Fraction (2lmost eewbeinly
moinly composed of graoiles) shows the some picture, nonely rising
acbivity at 2 time vhen the lighter Practions ave folling off in
aobivitye

As rogards the stobus of the celle-gap dn granule Tooaation,
the vadlo-active date do not provide a conclusive apgwer. In this
fraction, we ave presunsbly dealing with a vexny heterogencous
collection of protein moleoules having cquite diverse functioml
activities. The amylose conbent of the sop moy vepresent cuzyme
secoreted by the microsomes and subsequeably ageregated into gronles,
or it may weprescub mabure granvles which have ruptured iuto the sape

-

he yadio=activicy of the mitochondrial Tyaction ag

et

If we vegerd

¥
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beldng due to the prescoce of goold graovles, this fraction shows o
moh greater l‘”’ff**ﬁ'ﬁ»‘ﬁ"ﬁi() than the sep ob ben and bwonby minutes
afver ioobope injecbiong this could, of couvaey he emplalned on
$he grounds that anylage and other peorebory cumymes presens ia

the sop have thely padlo~activity diluled Dy obhey cell sap probeing.
On the other hand, the eell sap has ob all time dubervels a congiderobly
highew wadlowactivity than the mabure gramules; so thot the activity
of the sap connob be due, bo any slgndficont exbont, bto rupbure of
granales inbo Ll

The ploture of isobope uptake Tollowing cuipulsicn of thoe

l~

granules and engyme wosynbhesis was only dbiained in the cose of

fractlons isolated in Sverose-POy (Figure 1)  Hoverbbeless, 3%
indicaben considevdble problems in inberprabelicn  Inglead of a
mach highor rediowactivity (Fevmondes and Juncuiera (1958), the
stinmalaved birds had a greatly diminished A *Eﬁmg.!,;yemc vpbaks Anto
the proteing of all cell fractivns, Thils ls probably due o the
digtortion of tho free glycine cuwwe by alterablons in vascularliy
following carbamylcholine sbimulabion, There 4o on chvious
engorgenent of the gland under these clroumsbtances and the free
glycine doke (Table 7) wveoveal a lower speedfic achivity ob coxly
time Inbervals and a higher activity al ninety minubes. This

»

displacement of the peoak of fyee glyecine activily presumsbly aluo

E k-]

explaing The finding (‘t?:%.gum 1) thot the specific subivities of ths

stimulated btl.rds o .
microsome and cell sap m‘ w‘i,mm/am gedll wlsing ot ninoky mimbes
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afber dacbople indooblion. Th ds Whus vol possible %o dwaw, Prom
Ghese dotay soy flum eonclusions regarding ohonges 4o the

]

pavbarm of protein synthesis In the replebing pancrons.
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Metobolism of RNA
curing the Secwctory Cyole in vhe Pandveus.

RS it T -



INTRODUCE SN

a

Ag onblined in tho genewal dntroluckion to this thesis, the
vegudbs obiainsd by nony workews are in confliet on the parbicipablon
of RUA in the secvctory ayole In the ponorcag. Thus, by purely
chenleal methods, it seems %0 ho cstabilshed that there is no change
in the Lobel BWA content of the paucrons during the gecretory cycle.
(Rabinoritoh et ol (1958)e 0o bhe other hand, the iscbope evidence

e
"ﬁi&" woudd Indicobe that there

provided by the use of 3“%*«{513%31&@ 200
is op Incveased turnover of pancrestic RNA In an aclual whose pancreas
g been stimilated bo senrelis by the use of cavbomylaehwline ebc,

Thus Fornondes and Junguiora (1955} oblained cridence thab the
incorporalion o 2 Mg glyoine dubo pancreatic BVA was incrcosod afbey

D

sbimdation. This ovidence, howaver, %s a flad conbradiction of

thed provided by MAfrey and Daly {(1663) who found thot shinmlablon

o soovebe (feedlng in ase), 04d nob avgmend the dnsorporobion
of 3*533{:»:5 Tyaine dula the pansreatic Rk The yplake of 32p by pancreatle

BNA under the conditions of sbimuiabion hap been inoweesed 1200% according
o Gubernder and T1'lina (1950) bubt De Delken Grenson {1995) 4id not
agbbaln any dncrense dn upbeke working with nouse pancrees uadew

similar conditions.

fn ovder to claxify the pogilion, we have abbempted Yo erxomine

the changes in BNA ducing the seovebory aycle in the plpeon by several

&

technicues, nemely, quentibabive exemivnoblion and lsoboplo measurements
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Variation in RNA Content of Pigeon Pancreas
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Eeopaxablon of Bleds. The birds were fed pé Adbitum with corn and

.
r-anh I

madae, os ugnals

Quantibabive debienpioation of BiiA. The conbrol method, as dscerdbed

i0 the appendiz was wseds

Isobople Seohniauens

{a) mfda The dose of Y varded fron 40 o w 800 Mo per blvd end
wag given Anbremustrlarlys fﬁ‘.é;a.a A wae exbracsed from the T0H
presipibated protoin with 1079 sodlvm clilordde. The DA wos vemoved
and the moleobides wowe sgpprated by landphorvesis. %he specific
acbiviby of the individual meleotidos wom dvbermined and the average
off the Topyw dhéained. Phosphoras deherminabions wore by bhe Allen
(1940) methods For debails see appondim.

4 o . A, .
) A Qulwglyoine, 40 410 of 3*4’£?aug§,3.::j-azim was given lobcowisoulorly

0 each Bivd, The sepavate nuolcobides wove proporved as bHoford and

vhe oo bases jsoletod ag degesibed dn the appenddx. Aldlguobs of

o

these bases wepe csbimated for padio-sutiyity and the congontrobion
determined speshrophotomebrically as descydbed in the appendis.
RESIES.

Quantitebive cghonees dn RNA duvios the Seercbovy Cyele. The weoulis vhich

wo chuadeed on the queniitabive changes fn RUA duwing the panoreatic
pegrabory ayole ave shown in Tigse & Tho ponvreas had been gbimmlabed Go
dischawes hy the indectlon of eavbamylcoholine, ond the epbinablons wopo
garried oul ab bthe times Indicabted ofbcr the shimulont injeotion.

The  confvols aveo Divds | vhich wove soovlliced aob
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the seme tine but had recelved no ceybomylcholince The resulis owe
given ag mess of Ribose Pupew gme oF pevorveass It will bo scen thab
the goneral lovel of the conbrols s highor thaw thet of the sbimulebed
Diwdae Hovievew, the difforonco ds probobly due to tho prosense of
more blood dn the sbimulated pancress, vhich would dtemd o imowvaease
the welght of tho gland and consequontly deereage the concenbrabion

of RNA founds To obriate this diffionliy the posedbility of
cpbimating DNA wes congldevaeds Unforbunately the bHlood of the
vipeon containg nucleated evythwocgybeos, ae that the lvoreased amount
of blood would lecad to an inerensed M gombent of the gland, This
would complieate ouy interprobotion of the dabn onec agnive

Teom theoge sbudies weo wowe, thevefore, wnehle to dvaw any £im

conclugions thoul the mobebolism of RUA duwelng the seoretory oyolcs
Accordingly, we adopbed o dlfPovent approoch, thot of mensuwing the
surnover of RNA using dsoboplso twvacerae

Untinke of m}? into the mucleoctideos of RNA duvineg the gespetony ayela.

In the fivst oxperiments In this serles, wo vecd doses of 40 ue 92p
injected dntwomuooulorly duto stimdlated and wostimdabted blvds. The
stimlobed bivds had reseived eavbanmylcholine forty five mimbes
before the 99P, henee ot the timc of iscbope injesbtion She pansvens
was doplebed of cnzymess Tardng the perded vhen vopld ongmne
synthosls wag ocoupeing % won avellable few Incovpovablon inbo the
mecleobides 4 vequiveds The Divds wove sacrificed at vewriovs time

@ ¥ .
intervels aftcy the Y9p injeotlon, T3 doson of 404 6 por bivd
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The wbake of 9% ambo the molectides of RIA of

gbimlaved and wsbimilated plgeon pPONGrEnOe
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TABLE 1.

The uptake of Geglycine 1uto the Nucleotidon
of RNA of Pigeon Pancyreass

Specific Aotivit slative Specific Acks
Free Glycino pecific Activity Relative Specific Activit
| Adenine Guaning Adeniine  Guanine
Time albor
Isotope
Injeotion. Ca T. Ge I, C. Te Ce . G I.
(ing) . . R .
14 98,700 17,500 | 2 170 52 276| 0,01 0,92 0s22 16
45 234,200 21,200 3 7 'z 70| CaOL Cu05%4 0ad2 0.8
80 1104000 185,100 5 18 445 266 | 005 0,11 0446 1.8

Getlontivol, ¥ = Injeoteds
Feee glycine daba expressed as counbs per mimte per NI glycine,

Menine ond Guenine date ave expressed as counbs por minube per # M

Relative Specific Activity =  specific scbiviiy X 100,
Prec glyeine activiby




e

we counld dhvein no sipnificent lobelling of the wibowicleotidos.
Aveordingly, wo ropeatod the cmperiment using 280 M ¢ pey bivd and

':’T, ) €\ ! A -
lavserly BOD «wa R per birds The vesulls from these dwo emperimoats

ave shown o Table 10.  I6 will Do seon that, cven dn the experimens

[
30,

in vhdoh 50O «vo TR were usedy the level of lebelling atioined in
the zibomucleotiden dn nol very gweab. The inberpmetabion of these
Plaores, thorelorg, veouires o bo made with this fadt dn ninde Té
comy howsverw, bo selly, that theve ds no ovidence for a wove wapld
Turnover of BNA wder the conditiong of the experimonte

Tn an abbampt to oconfirm this yather nepalilve fading, we
denided bo use vs a precswrsse of purine syubbesis, 3"1‘&3”2«-@;3&@“3.1&@.

Unloke of M‘ﬁi‘»ﬁmg};vpﬁ,w nte the meleotides of RKNA duving the

Pancyealile Seorebory Cyeles  The conddiions Por the use of the

82

2

reobope wers the sawe as fov the ewmperimenis lo upbake Jush
deoperibed. 40 0o 3”‘*’-‘*%2%13%:131@ pew bled were injeuted inbras-
mugeulavly and the Sadividued melectides wove ditedond by lonsphoresls
The wesuld of this experiment s sbow dn Table 1l The quaniidlcs

of the Dres bases weaovered in this bypo of ewmporimend ave vexy

aundd, hence the dignificanse of the flgoren musb be in doubd,

thoush 9o great degreo of lobelllng ia oppaveud eithey in the

stimilated ar woedlodaded bHinds

DISUESTON,

The data widch ave pressabed ahove would inddcote that bhowoe

is oo inoreage In the moebolism of panoweatbico RNA ducivg the



seavetory Gyolcs The quantitetive daba ave dnconslusive bhub
the fellure to dbbein ony increance An incorporation of precuvsord
dnbo WA would tond bo dndicote no chonge dn REA moebobolima during
the seorebory Oyolos The low Insorpovetilon of precuvscrs into
the BEA of pencreatic tissucs hog heen nobed by obher workers
(A11fray ot al (1985)); Do Doken Gromson (1958); Kihawe, Anono,
Themobo and Sibatond (1956)s  Iv Los beon abivibuied by Kihara
et el to the high concentvatdon of BVA vhish ig prosent in
penerentic tlopwe. IH does nob indleste that the absolube

vate of sgynthesis of ponerestic BWA is any amaller thon that found
In othor tissues, bub thet this passes dnto & Llarger pool of RUA

and is eorrespondingly 4llubed.



Seotion 4

In vitro Synthesis of Anylase.
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TNERODUCGTION.

In the sbudy of a highly complex proscss like gynthesis of
probeing, 4t do desivoble to eimplify tho systom in which synthesis
ig ocourring. Thus, although exbensive use has been made of whole
andnals in the sbudy of proteln pyntheosls, such an appreach doea not
pemmdt one to break down the mechondisn into its component partsc.
The use of tissue slices has some advonboges over the vhole animal
in that mebabolites con be added ot will to the tissue under
investbigation and difforent trentments carvied oub in porallel on
psamples of the same tiscnes These are dnmpoybant considerations,
but there ranaine the question of avallability of the meboboliboes
to the cell interdors The permeshilibty barvder imposed by the
dubact cdll merbrane is o fachor vwhieh must be borne dn mind vhen
asgegsing the rosulis obbained in bissue slice cxporimentss The
elimination of the c¢ell merbrone would therefore be highly
degirvable, but it moey well Do thot thers are other menbrane
baveiers present in the coll interdor Jusk es dmportant as the
gell menbyavc. Thus, from the electron microscope stuldics pf
Palnde ond Sickevitz (1988), it would appeer that there are
vesicle=like structures {endoplasmic reticulum) present in the
intact aclls These vesioleslike sbructures give vise to the
"nicrosume” fraction of cell fractionation studies, ond vhother

any permecbiliby bDarriers ore sssoslabed with these is not kuowne



In view of the desirsbility of oblainlng a eell-free system
which conbiowes o exhiblt protein synthesis, it wae of intoresy
to note that Fhenin (1953) aud laber Btraub (1995) deseribed
gysheng, propaved from pancrens, cepsble of smylese fomnabion.

The fellowing secbion deseribes our own abbempbs bo

gyt nesis

demonstrete anylose in yitro. In the first place, we
compaved the effect of different forms of medium on the copacity
of glices of pancyeas to syathesise anylase and to btake up
lobellied amino acids. Ve then propaved homogenabes of pancrens
in an atbempt Yo achieve jp vitro synthesiso of amylage dn o
gell=free syshean  Wille we were achively engaged in these sbudies,
va received a commumnication from Frofessor TB.Skraub of Budapest
indloabing that he had been successful in preparing, from acebone-
dried pancrestic Gissue, a sysben capable of synthesising amyloses

We therefore aluo tried Lo reproduce this eyabeoms

(A) 2IseUn  SLICH STUDIRS.

T4 had been demonstvated by Holdn (1951) thet slicen of
plgeon pancress con synthesise anylose when inevbabed in glucose
soline, ond that, in the presence of a complete amino acid
mizture the synbhesle is enbonceds The smingwseid vequiremerts
of this systen were Limited to ten (Mokin 1961h) and 3% wes showm

that the omission of any one of these soriously interfered wilth the



anylase productions Ve hove used dissue slices uwnder Hokin's
conditions, in ovder ¢ study In porellel the synbthesis of omylase
and the uptake of isotopically lobelled smino scids inko the protein
of the panorcass  In theze experiments, single sasential emino acids
wore omitbed from the medium and the effeet on isobope incorporation

and snylase formation comporeds

Preporabion of Bivds: The prepavation of Dirds and conditions of

glice preduction and inoubation followed the recommendations of
‘Holein, (1951). Mature pigeons were selected ol yandom and

were injected intramusoulanly with 0,07 mg carbomyleholine.
Selivation ocourred in all cases though the severddy of the regponse
wog vardable. Torty five minmutes afieor the injeotion the hivds were
ki1led by Jdecapibation ‘aml the pancreases removed and placed in
jeowcold Krabs-Ringer Blesrbonabe (KRB).

Sicing Technicue. 'The pancrens was dried by plecing on filter

peper and ag much convcetive tissue removed og possibles  The
tlosue was sliced elther by the Stadie~Piggs micvotome (1944) or by
the WeTllwain tissue slicer (1953). Tn either case, the slicing

platform vas chilled by placing in dice.

Incubstijon Frocedures Seamples of the sliced tissue were weighed in
a torsion balance and quanbibties avound 75 mpge. wore used in cach

Incubation flagle The incubations were caryled oub in Krdhe-Ringer



Bicerbonabe containing glucone ot a final conceabrabion of 0.9

Amine scids when used were either a mjxiture of synthelie amino

nolds ov Casaming acids (Difeo), which is aa acid hydvolysete of ceseins
The Pinnl concenbration of the anino acids was .45 MG*Z-—glycine

or Pgencthionine were added at o Pinsl concentyabion of 1 M © per mle

&3

e flacks were goassed with oxygenwcnrbon dioxide mixtuve and the
dnoubations were carvicd oub for two hours ot 579 in o waber bath
with constbant cholding,.

Eobimations « Amylase: Afber incuwbation, the flasks wewe chilled

On 1CGe The conbenbs were either

(a) geound with sand and eenbrifuged and the auylese content of
the supernotont esbtinabted (as veoommended by Hokin, (1951)), or
{b) homogenised with o Poltore-ltype honogeniser and mmylese
estimated in the homogenate.

The actual estimabion of amylose wan caryied oub as deseribed in
the Appendixe

Rodiowiobivity of Protein: The enbire contents of tha flaslks

were homogeniaed in decewcold 107 T0A and the probtein removed by
cenbyifugation at 02 and 1ipid oxbraction performed 4n the usual
woy as deseribed iu the Appendiz. The protein was then treabed
with 105 704 at 90° for fifbeen mimiteos, in ordey 4o venove nucleic
acids. (Schneider, 1945). This was repeated twice, afber which
the protein wos dyied and finely ground in an agebe morban  The
powder wag counbted alb infinite thickness with a mice endewindow

counbors
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Production of Mylase pod upbale of lobelded
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Dry Welshb. The dey welght of the tissue used wes obbained by

drying a konown "wob weight' of tlssue overnight ot 1109

RIS M_J.i« 3@

Tn these exporiments wo used two diffevent amino acid sources,
de e synthobic amlno apid mixbure or Casamino acids (PDifco)e  Tn both
canes, tyyptophan was added, Tablel2 shows thet there is no difference
in the wresponse produced by elther of the anino acid sourcog. In the
prescace of saliune there is an appavent gynthesis of emylase of the
ovder of H0«100% of the initial level. The addition of emino acids
has Little ox no offcct on the production of amylases The omisgion
of an essential amine acld, c.ge brypbophan, Lor the mixbure hes no
effect on the production of smyleses The radio~active data, on the
other hand, demonstrate thet the omission of an ossential omino acid
congiderably decresses the upbake of both Llabelled amino acids

inbo the proteim

DISCURABTON

In the vissue slice experiments wo have found that the produchion
of amylase is, on the average, uniunfluenced by bthe prosence of amine
acids (Teble 12). Our vesulbs with emino acids have btended 4o be
variable, some experinenis being suggestive of an effests The general
lecls of vegponse to omino acid mixbures may be due o the presence in

the tissue slices of o sufficlently lavge amino acid pool sdoquabte for



the gyavhebic requivements of the tissue slicege The warichility
of resulbs in this £1cld has hecn nobed hy other workers. Thus
MR Hokin (1956) found that dn the slices of poneress from well-fed
mice, amino acdds produccd noe ineresse in amylese formation.
Howeyer; if the slices were from papcresses of staxved mice, the
usual effect of omino acld stimilation wos nobeds This was
abtributed to Hhe presence in glices from well=fod animels of o
supply of amino acids sufficiently lawvge to allow of protein
gynbhesia,

The radioeachive daba show, on the other hand, a conslstent
vegpopse 40 the omisslon of an essenbial awine acids  This would
suggest that gereral tissue probein synthesis and specific enzyme
gynthesis do nobt go hond in hands Sinee our experiments were
performed, Stroub (195.';)) has veporbed expordments with inbibitors
such ss fluvorophenylalanine or ehiloremphenicol snd drew the some
conelugion;  these inhibitors had a move pobent cffect on

, . M,
incorporetion of = Qwplycine and L

~Gyrosine into protein than
an emylase formation in poocreatic slices.

This suggests that we may be dealing with a twoegbep process
in amylase fommabtlion, nemely an inibiald lionking of free amine acids
to Porm o nonwenzymic polypepbide or pwobein, followed by differentistion
inko amylase and obhey secrebory enzymog. This would explein why
facbors affecting incorpovabion of labelled smino acids into the

proteins of the tismue slice can be divorced from changes in



1 540

amylase production. In other words, lack of an essential emino
acdd may fxhdibit the firxet stoge of protein formsbion without
influcnoling the subsequent differentiotion of protein, alveady

formed, Into enzyme.

{(B) Cell~froe Pomabion of Muylosos
& Y.

The method of cxploring possible conditions for pwoteln gmbthesis
in cell=Uree prepavations has beeo loygely limited to lobelled smino
acid :‘:_neoxtpbx*amm shbuddes. (Zomeonil and Keller 1954; Gale and
Folkes, 3,95%), Under these elvaumastances, it is generally nccessery
to provide enerpy, uvsually In the form of AP and some subsbonce
gapable of wegenerabing ATF.  The most exbongive dolails for such a
syshem in monmelian preparabions has been provided by Zemeenile (1958),
working on liver. Heve theove sve Pive essonblal components of the
cell-free incorporvabion system, dscs (1) the microsome fyaciion,

(2) the pil 8 peecipitable enzyme fraction, (5) AP (and usually an
NP pegencrabing system), (4) eTP or GUP and (5) the labelled amino
acdde Howevey, incorporabtion of a leobelled amino acid is nol
necessarily synoayrous with complete probein synbhosise This latter
ig most veadily demonstrated by increase in wome specific enzyme.

Such an approach has been applied to eellsfree sysbems by Gale and
Follkes, (11.953‘%) » using disvupted stophylocoscel cells.  ¥u the cose of

anylose, the fommablon of new enzyme by cellefrec preperations hag
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been claimed by bolh Khesin (1953) and Strevh {1965} The sywbem
deneribed by Rhosin was prepared from plgeon pancyreas and conbained
cell parbicles nobtably micrvosones.  Synthesis was dependent on ATPR
snd 21l cssential. amino acids except methionine; 4f (K = kebow
glutarate wvas added the gynbhesis was augnentads ‘The sysban
degoribed by Straovb was o water exbract of acebone dxded pancrens
and reaulved the presence of cosein hydvolysebe, ATP and ascorbic
acid, though latterly this factor was cousidered uimccessarye ]
Our Lipet cwxporimenbs slightly sntedate pepoxts by Bbravbse Oup
dbjective wag fivebly, o demongbrate ccllsfrce amylose synbhosis.
Although amylase appeared to lucrease in oytoplesmic preparabions,
vie beaome sugpiclous thet ony cheeyvebions represonbed liberation
of prefoviied enzyme rabhor than true gynthesise  This susplcion vas
sbrengbhened by the finding that cerbain svb-oelluler clenenbs,
wotably the mlcrosumes, contained emylasge in a form nob readily
estimabed without speeial vrentment.  Furthemorve, the incremenks
in amylase conbent of cyboplagmic preparations Guring incubation
were nob accampanied by upbake of lobelled amino acidse Thege data

will now be preosented.

EEHODS .

Prepavation of Blwds: Birds were fed ad libitum as usual. fn

a ]

intromusculer injection of Q.07 mg. cavbamylcholine was given



forby £ive mizmbes befove spevifics. The bivds were kliled hy
deoapibabion and the paneveases rangvels

Prepovabion of Wmopenates: Uhe poncress was chopped with selssors and

-5

Xt

placged dn 10 i 028 ¥ sucrose dn G2 M phosphabe buficr ol Va9  Tho

e
']

buffer was dncluded dn acder bo mindwiee the pi obhanges sald vo ooen
fuving the homopenining provess {Sicbeyt 1958}  Tncluded slso i this
honogendsing peddun wes ATP (Sodium) ob o finel conoenbrabion 0F 205 «-

Tt mpe peov mls  Th wan sugpested thet the presence of the ATR duving

the asotunl homogenising process would relduce the offent of the poweifal
AR ape present dn The ponoyeobie homogenste (Shpavb, 1955} The humogeniow

abion was ooxpied oul o o Perspewsglass homppaniser of the Pobler 4ype,

epk ab 0% duping the prosesss Naelel and whroken oolls were vemovod
by contrifogetion ab 600 g for ben minvbes al 0% Uhe supernobent

artoplosn waa ronoved and thils &8 voferrad to as the "gellelras syebene

Foovbetion Proceduess Glucose was added ab o £insl eocnontration of Q8%

& conplebo anino aold mixture {Cosenino seids "Difeo" supplemonbed with
beypbophan) was added dn cepbalin coses ol a final eongenbzation of Qelfh
Tho wese of a complote aning 26id wixbure was thought 0 be mows desivable
sinee 3% would provent the possibility of "nonecsscntial® apino ecids
hecoming 1initing focbors dn saylase synthesls due to the fasbilils

of the oullefree syaban bo syathesisa 4bs requlranenbs of "none-esseabial®
paino aeids, The flesks weve gessed with oxygoeusearbon dloxide

mixture bofore the inowhation which wos varpied onb o 8700 in o

waber bath with congbont shaling
sl



Addition of Alternobive Enzymewyielding Substrates: In some experdiments

ZwFhosphoplyosric Acid (B-FGA), Hexose Diphosphate (HOP), Sodium pyruvate,
Sodiwn cibrate, sofium A ekeoboglubarabte, sodiwm sueoinate and godium
faparate were used as albemative cources of cnergy. Tach svbstrate

was used ot o final concentyration of 0,005 M.

Tohibitors of Proteolybic Ackion: The epeeific Lrypsin inhibitor, os

described by Kunibz (1948), wos prepared from soya bean meals  The
pobency of the inhibitor wan cgbablisched by assaying tyyphic digestion
of haamoglobin by Anson's method, with and without the presence of
the ivhibitors The irhibitor was included in the inovbabion mizbture
in one cage.

Mdibion of Purified RUA,  Yeont RNA was pueified by the method

described by Schucher and Holdn (1954), This maberinl was added to
the incubation mixbure av a Pinel concenbrabion of 2 mgs. per ml.

Addibion of Radio~sehive Amino Acidgoe G ugmglyeine was added bo

the inoubation mixbure at o Dinel concentyation of 8§ M ¢ per ml.

Exeparation of Acebone extragted panoreas. This was corried oub
secording bo the dircctions given by Shrsub (1955). Mve pigeons
were dnjected with carbamylcholine in the usual way and ofber forty
five minubes the panorenses were removed and homogenised in ten
volumes of pure acetone ot =10,  The acctone was filtercd off and
the homegenisation repeated again with ten volumes of acotone. The
cake was allowed to drain froe of acehbone on the filber peper. Iash

tracos of acebone were removed in vacuos The powder weighel 865 mgse
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and wan oxbrocted with 18 mise dececold distilled wobkors  The
mixture vas cenbrifuged oy 600 g For five minutes at 0° apd the
Glany supciiabont Penovets Qe 6 Wl of O3 M acetabe bullep pil 5.0
vas sdded to the supematant and o whibish preulpliote dbbaineds
This prociplbole was conbrifuged ob 0% and the supernatant
Oippardeds  Phe precipitobo was then suspended dn 2 ml locweold
3abilled wabove 75 mg AP {(Rodium eald) 24 wmg Cosamino acids
and dryptophon, 10 mgse Ascordic acid wepe dissclwed dn 4wl of
water and added 4o tho 2 ml prepaped obove.  Tomibablicns wero
carried oub Por bwo hours, afier vhich the agflage conboat was

assayed bofore and afior Bollotind bead breatmente

Silpaalin & erman e o " . .
Batimntlons on Somalooe

~

Amglone,  This was carpled oub oo desoribed dn tho Appendis.

dnddowanbive Upliokes  Frobeln was precipilabed with TOL, 1ipid

extracted and dvieds Tho maberial wae DNnely ground and counged
.3

o Anfindie thickucss with a mion endewindow counbore  Tor flioy

deboils of preparation of protein for couwnbing, soe appendits

&

Lwlose Synthoain dn Cytoplasmic Homomonabon.

Tige 4 chows the results dhioined on lvsubating the cellsfrec
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‘homogenste of pancreas with o compleote amino seid mizbuze and
glucose. Tn the wibreated ssmples there is an appavent increase
in emylose conbtent of around 20%, moximal abt fifteen minubes
inedbebion, allex virich the anylage conbent fallse An incrcase
in omylage eonbent of similay magnibude bag been noted by
Meaia (1055) using a somowhel similey psnerentic homogonabe.
The decrease alfber fifteon minubes wasp abiribubed hy im bo
proveolylie activity offecbed by ensymes in the homogensiics

Ia evaluating this vise, consideration must be given to the
possibility of libarabion of enzyme durlng the incubabtlon, Yo
loveostigate this possibility, samplos weye treated with bubtancl
(Morkon (1950))e  The effect of the bubenol was apparently to
inacbivate same of the omylase go that o lower amylase conbend
was found for each sample tresbed. Tt 414 net however, albor
the appavent synbhesis of emylase, since the hubanol greph wos
parallel to, bub a litble lower then, the untrenbed graph, This
vesult ls conbrory to that deseribed by Khasin (1953), who apparently
obtained sn increase of EEQJ};S amylase activity, on treating sowmples
with bubsnole Ou the other hand Holkin (1068), in working with
omylase from dog pancreas, regords ¢ loss of amylose achivity of
the opdor of 257 after bubanol breatment. Morbon (1954),
worklng with alkaline phosphatase, bas found 3% necessary, for
quantitabive redoveries of engyme, b0 rewexbract the bubanol
layor with sodiuvm blearbonatcs Mo such procedure was carried

out by Khosine During the cowrse of bubanol treatment, wo wervs



waoble ¢o demoustrate the pregense of amylase dn the bubnnol,
loyew; bubk we did cbeerve o whltlsh leayer ob the Joferfose of
the bubsool ond water Joyers  This loyer could weprosent dewnotuved
provein and may acoount for the appavent loss dn enzyme aobivitye
In owe opdodon, bubensl treatment iAo nol sabisfeclory in the cage
of amylase when gpantibative pacoreries ave voguireds
Obhey methods of libeyabing enzymes wero consldered and, aftce
brying several procedues, woe found the groatest Ianorvements

Pollowing treatnend with Ballotind beads vwhich dneressed the asegyoblo

¥

engyme conbent and tendsd to i

13

Gotbon oub the ourves (Mg 4)e  T6

+ n v

would gbill oppeay foom Wlee

3

that there i evidense of o

5

2
¥

small fnoreape duving the flvst fifbcen minubes of the inwbetion

wt the pignifioance of this must be in doubbs  Sush an incrense,

ot the begl, vepresomits only a Prachion of the gyabhelle abillity of the
ponerens in wiwe (Yeble 4) ov g viips with slices (feble 12)e
heoopdingly sbteupbe wore made Bo provide condiblons vwoier which She

Increane dbbained in the houogemabe would e groatevs

Broept of Trypsin tohsbhibons  Thero ape several probeolybio enuymes

e

¥

preacnt An the panoreas, ony one of which could adverscly affeny

G
t

the course of soylase gynbbesis, olther by acting on the ewylase
Lbeelf or by iie;zsa’-zzmﬁm the engyme sysbon vequirsd fov the synthende
of omylagee Toypsin is ove such enzyme and there hos been deseribed
{xuodho, 1948) o opcodfic inhibibor for this cnzyme. Ve prepaved a

»
1

spesinen of this lahibibor awnd odded this o ocur ovlginel idnnubabion
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Effect of the Addition of RNA,3-P6A and Trypsin Inhibitor
on Amylase Production by Pigeon Pancreas Homogenate.
No treatment with Ballotini Beads was carried out.
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AR NOTEN lew B chows the vesulbs wo dbhlained, and 4% will
be pecn Thab, compared to the coubrol, no jmproved fommabion wo

ayident. Ho froetnent with Ballotind beads was earricd oub.

5

Tefeoh of BNl A11 the evidence poos b0 show that thers sppsrently

4s o ossociation bebwesn the counscobrablon of BNA and the intonsidy
of probein gynbhosis. (Boacheb (1841}, Cogpersson {(1941)). Pancreatic
tiooee conbalng a hiph concevbration of ribomcelonse, which, in the
homogenate, would dend to lower the WNA contont and =0 adveraely
aifeots Yhe couwwse of probein synbhesise Sinze there axe no knovm
spepdfio duhdbibors of ribomcleoss, the 2333tion of pure RUA may
have $he effech of conserviag tho KA of the pancwean by octing os

an edternabive substrate for the rlhomolesns. T WMps b the
vosults dhbadned with this addftdon would dndicabe that thove is

&

no epprecisble offest as cwmarad b0 the celrols o brosbment
P

with Ballobind Donds wags oagrled owhe

Tifoeot of Jmfhosphoslyoeric Acid, Uhe synthesis of probeins fvea

freo aning sodds 48 o veachion which vequives enewgy which may Do
provided dn the form of ATR:  In the pansyeatlio homogenate,
according to Stvond (1955), there i propesd & powerful ATR ape
whdoh papldly lowsrs the affectlve ATP concendrubicn ond this effoot
widl Limds endothecmie synbbeblc vesotions of whioh probeln synthesio
8 on oxomples  Homeonil and Keller (1054) have shown thed the

provislon of 3«F00 np on eporgy souroe has o sbhimlobing effect

on the Incorporetion of lebelled sndno sclds inbo the probein of



va-liver wlovosemens  In an stbompl o sbimwlate the prodnetion
of amylose by a einiler wmechaodms, SeFEA was ducluded dn the
fncubablon wdzture and the wemulis ave chown 4o Blg 5 whore
ne appreclible effect on amylase profuction was ohialoeds

6 w1l thon be scen that none of the addibions 4o Whe
dncubation wlrbupe has ellorsd the wate or the intiensdly of the
eyabbesis of anylage by pansreatic bonogensbos compared 50 the
oonbyol, samplons ’.E:wae experimonts wore all oarvied oud wilhound
any specdal Sveatment of speoinens to Libevatoe bound snylose,
pinee they anbedate aur use of Ballotind beadp. However, thers
in uo evidenoe of = woboble dendency btowmwds greater acuumlation
my'jam with the addiblcn of these vengends, ond W WAy ASsUme

That dhe use of Pallotind beads wowld nob roveal anythivg of

Intoresie

ek

ReddomAotive Apino Sefd Studleg on Homosenoabode

T the previous cypeciments, the erdbepion of proteln synthosds

hoo been the incrense In apgme conbente This o cewbednly omo of

the posh sepsitive methods of debecking protein sypthosiss but 4%

pufPens Teon the Mesdventage that engymle aobivity will depend on

oe A0 obher wordn,

the profuctlon of "camplete” proteln meleoul

polypopbide wynbhesis mey @dbe will De cemwrring os o preliminody

so engyme Tovmabioms bub by the enzyme mathod woldd go undel zabeds

Rnddownctive amdng aoide offer the solublon to that problen howevors
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Rifent of inoubotion on the omylase conbong and
T Omglyoine wptake of plgeon pansrens honogenates.

"
ity

Pime of Brpevineny 2 l?ib:p@mm%g 2
o o e Amylaas “malvadoe Mylang SOl eing
Tnouho T ; Gy Eans VR L Jeine
Taoubidia Aotdvity el Mebivity ﬁ%-?;azm
Tmabes
@ 12,600 (a3 8,400 2w
8 11,900 Le S 8,880 Do &
30 13,900 e B, 650 Ge 7

Ballobind Deadn were useld and Awylazoe astivity Is cxpressed on
mg  storeh hydvolysed por wg N

Ugemlyoine wpbalke arprogsed oo counbts pov minulie powr planchas
ot nlinite thicknonme

.ﬁwrmmmﬁ?% the homogonising medimn




e

and thelr uese v our ghudies hes provided sone usefol resulin.

Compaxisen of fmylase "Syaibosis® snd M0aeivoine fnoorporntion

Table 19 dhows the rogulbs dbbaleed v expovimenis in which
Choth oylase protuncetlon avd amine 20ld Incorporation inbo probein
were measurad in the sowe peberertdo bonogonabes 6 will De
geen that v neither gase ls thereo ovwy siguilicous incresse In
omyiage coabent afbey Ballobind bead frsatment and the radicwasbive
dalta do oot nddoeate eny signdficaat uptsle of daobope fnto probolie
The wptake of devbopically lobelled aming aodds dn homopensbes should
be compered with thet obtained fa vibyn with tissue slloess (Teblo 12)e
The izotople date would provide fuprbther evidence that the lnovsase

in anyleso oonbent nobed dn wibreated samples of panereabio

homogenate s nob due vo de povo cmylose gynbhesigs

Yhe uwse of I-Phoophorlvaerio aold in plgeon ldver sud panoreas, Abbempls

word mode to shivelate gresber uwpishke of lebelled omdne asdds uaing
coaddblions which bave proved suoeessfuld In b 1iver. Zoweondl amd
Koller (1984) have desoribed o sysbon in which 3= stlmiiabed the
upbake of labelled amino acids inbto the protein of veb liver micvosones,
and dn which the homogenising medivn used was Sucvose Q0395 1, Magoesium
Chlopide QeOL 1, G2 M Potassivm phosphate Dalfer pil 7.8 and Pobossivm
chloride (L0205 M, Yu the cxperiwments, desonibed cbove lon this

seobion, the bomogenising wedlvm wos O. 28 I sucrose dn Ce 2 M phosphate

ng‘a

buffow 18 e  To repuotuce the condibions Tow the appavent achlvition
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TABER 15

S oo Eie T

The effeot of the adddbion of S=Ihpsphoriyseric acdd
and ATP on the dmovhporabion of ““wgilyeine dnto
provedns of ot Ldvey honopgenaia.

s

KL glyoine Upbalios

]

AAdaB30mas o -
Wimo of Foewbobion  (houes)
0 A
NMowne Tiepe 1 7 4,
Tpe® 4 X
Meog G 31
ATRA R0 Biped 8 73,
Moo & 83

i ‘9' by & Cy g " wh -
= “Vmglycine upbako oxpresseld as cownbs por mlmbe per planched
at dnfinite thicknonge

Modiom used was thal of Zameondk and Keller {1994).



of amdno acids Gesoribed by Zowmecondl and Kollew (1954) wo used Ghoiw
hawopenising mecium.  Toble 14 shows the wosulio dbbained in an
experinment in which the effest of 3-P0) alone and in conbination
with omine aclds wos ptndled on the profuction of aomylase ond
invorporabtion of lobelled amino acids In pavallels T6 will be seon
that theye i no ovidense of eithew amylose synthesis or lobolled
andno aold incorpopation dnto probein in the pancreatiec homogenate
andl thot J-FGA has profuced no effent in thip cdpee

The fallure of H=FEA do stimidebo tho upbake of 34‘(3»»@;3&3%9
fato proteins ds contrary o the yesulis dbbained by Zomeondls and
Kelleor (1954) vhon using wab-liver homogenabess To confivm that cuw
conddtions wewe coryest fov Livew, on oxpeviment was conduobed
rolloving the condibicns ladd down dn the original poper using
vab livew oytoplosms %The vesulis wo dblonined ove shown dn Table 15
and 3% will be secn that the addibion of B-FEA has yopulted in o
dovbling of the uptake of the lobelled amino avld into rod-livow
proveing. These wemulis ave sdmiloed o those desesibed in
the oxdginal popews henoe we have suocessfully roprodused the

sonditions describede

These vosults meon that 3-¥EA doen uob behave in tho samo wy
24,

with wespent o wploke of “Ueglycine dn the yab Liver and pigeon
ponovess hanogenston. This way be due elther 40 o differcnse in
species or in orgon ar i boths  Samples of plgeon livew and pigoon
paneyens horogenates wewae thewofoxo prepoved and dncubstilons of both

carvried ont with and without APP and A, The wesulte ave shown 4n



TABLE 16

The offcot of the addlion of 5m§*§ﬁssghc@r*@@%ﬂ Aodd and
ATR dn the dncovpowabion OF ~TEeglyoine into
proteing of plgeon ddver and pancrens hGMOGERATEHD

e " .

- RS

LITER, PATREAS

TRBNTVTGE - ‘ ' o
Botore | Afew . Bofore Moar
Tnoubabion :' Tomibation

!

-d

19

B
<2
2>

Nons 7

G

&

v DR/ 2

kX3 . o
Celilyoino upbako ds expressed ag couwnts pop mimake per plonched ab
infinite thioknosss ,
Medivn vsed was thet of Zawmeondl and Kellor (1954).



TATIE

PR R TR R

Thg effeoh of the addd me OFf FFEL on the upbake of
Do igezmo by vot oud pigoon 1 dwvew honogonatics
Rat Plgeon
TraaUnoNnGs
Elwew FEVRT N
Nono ad, 88
& ATER 49 , a3,
4 LD B30 , 19
KSR, 86 19

M@wgﬁgm:m 2 gphelie oe counbs por sinube poy planchet ab
dofindbe thicknesss

The Jncbation meddum we that described by Somcenil ond Heller (1054)
and the dnedbotion time wog 2 houve., Thowe wore 0o mdno
aclds prosenis



TABLE 30

The s;—v%,g:m’q of! waplous substrates on the dnsowporation
of ~Pe2eglyodne dnbo hanogonobes of pipeon ldvens

Oounbs pey mimite

AJGAGEICNRS.
per planchote

o | e |
%3@(-3{&'1‘33 ) ‘ 20 i
Eﬁumm»éﬁwmg 2%
X =feboglusarate 20
?:&: ADUD 5%

Giszie Andd 5%

Suceinic Acid 5y

Byravebo G4,
o 95

i
H
i

The hempgendslug medium wag thob described by Zomecondk ond Keller
(2984) avd ATP wos presenl dn all 0acess

Tnovbhation tins 2 hourse
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table 16.  The plgean liver actively incowporatos the f%@-'@mg;!;gmim
and gn adddition of the J-PG) aad AT, the incorporetion falls very
wapddly. In the case of the pansyeas, the dogree of dnsowporabion
3o not g0 great as dn the Livew, bub, omnce ﬁg.gaian the dnsorporaid on

R, .

Palls ropddly when J=00A ond ATP aveo adidcd Go the incubabiom mizbuyos

by

ek

7% woundd appear Tga these vesulie thod tho cause of the differing offest
of elGA and AP dg one of sposles mabhew thon owgnve

A confimmmbory oxperiment was condvwobed In whdch samples of

wat Liver ond pigeon liver homopenate wore prépareds To sach was

odded S-P08 ond AP, dn combinalion and alone. Toble A7 chows
the vosulis dbfadneds Thoe pab liver hos vesponded as before
{Teble 18) deee ATR/G-PGA sbimrloted the insorporabion of

Mﬁ»g‘;lyame by a factor of ot leost 2.

e,

R bhe plgeomn livew,

howevar, (Toble 17) neither AL now S«Fih; now the cobinabion

of thom, hop any sbimelabing elfecls  On She cosbyany, S=FEA has o

mavked dopressing offect, the dncorpowation being weducod o vhaub
that in

aldl of fAhe conbrol souplos

Tho wne of olioynoblve cucwsy Boupcess Hincoe S-F0A does nob scem

3 2. a & & L (3 g 3 » -

%0 be.suitoble sbdwmdont for thoe dncovporaticn of yadioenctive

omivs acdds dnd0 homogonntes of pifcon Hisaue, an abbompd was mads
b0 Pind an olbesmadive cuergy souiegs Figeun liver vas hompponiscd

in the vsval wy and somples weve dakon ond varicus possiblco enorgy

aonrgos ndded,  The yesulis ave showa in Poble 18. The mogh
affective additicn appeawrs 4o be hexose diphosphate.  Toup
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Nl SLET TS

Oampardson of the offedt of the addition of S-FEH and HIP

an whe vpbake of ‘i’”@«%:-g;%;m ine by homogenaten of
plgeon Aiver end NRosrends

. oy 1 1
E T | ;
| | |
; AGALHA00. : dmreons \ Panswente %
: i
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! i
‘ |
Hone 8 &
!
{
i . 22 8 |
GeECA & & ]

14 .
Gwglyoing mpwjm expressed ag gombs pey miwmbe per plonched
0% dnfinito thickness,

Time of dnoubobion 8 houws.

Homogenleing meddun wos thal 0f Smrosenilk smd Kellor (1984).



The uwaoe of Hezope Diphogphateo co an enewpy source ond
the offcot oo bthe Amylase production and f"”]’(}‘w%-.-gflyeme
upbelke By plgecn pensroas  homogenabos.

y— " o o Y oo,

.= 1 !
; ; , . Aunydano ontoend :
Pdmo  Trenbuont | N s S kot 4
| My ! i IL LTS 3

19,000 4,650 -
o 17,800 44 625 6,500  {249)
o . - 154300 450575 .

& HEE , 12,4400 iy 529 69575  {443)

80 - 135280 (108) 4,560 (11, 9)

& HEP 11,000 (8a8) 2,950 (8.1) | 6,488  (2.9)

i
é
Lot . : 18

™ e

I expoerdments 1 ond 2 bthe homopgenising medivm wos thad of Zomconilk
and Kellepr (1984}, vhoveas du cuperimend 5 suovose phogphabo
wWAs vsele

faglose ackleily i oxprossed os mgg. gbapch hydwolysed per wmg of
nlbtrogen alber tvoatmond with Ballobind beads.

The Dlgures dn paventhesis vepresend 3"4-‘"%%@;?&;17‘{::%&1@ upbake expressed
an cuunss per winnbe por plenchet ab dnfinddc thioknoss.
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TABLE 21

Phe vesults of dooubhotion of enbtyaoty of

aneboneewdried *'igw,ewra. poncrong,  (Shrovdh syobemn)s

I . R — —— -
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The eesulds ope the ween of 8 seppleos o ecach figures

fmylase Yndte ove Sndth ond Qoo Undbs.
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Amylase Yndbs eve Sndth and Boo Undl
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avbstvates { Glucose-Cmily X oleotoglubarate, fumarate snd FeF0)
appavently have o depressing offest on $ho wpteke of labelled
amdno acldg, bub 20 atbempt was nade o confizn thosce

The offeat of henosewdiphosphabe was agoin domonstrebed an
he pigean liver dn an experdment dn vhich pigoun Livey and panoveas
honogenabes were wun in parallels  Teblo 10 chows the resulis
andy, once agpin, vhe stismlating offcol of MR iz nobted amd also
the laek of shiwmulond effent of Jwflf. With the pancrons, howeves,
HUP opparcontly 444 not oblhmilabo the uplalke of fi*é*"ff}mg,ly@ﬂ.m and GeFEA
exhibilbed the veval deprenslon.

Hexonoediphosphate an on CROVEY OOurocs Several experinents were

caprded oul xrr.l;i;}';z vigean pancyeas honogenate, uning HIP as on onepgy
souree  in which ceyrlaso production snd lobelled amino aoid insorporation
vera neasured in pavollel. Toble 20 shows the resulis of such
experinents and 4% will bo seen that thewe s no evidenos of

elther increaseld Mi’;‘:mgﬁy@m}.@ wpbalte o dncrensed swylase syntheslcs

The wae of Moobong-cubraghed Penovons Lox Muylose Synbthosio in vibeoe

We prepaved the nysien oo deseribed by Stwovh (1959) and
Table 21 shows the wesults wo dbbained. b would oppeer thob no
synshosis of amylase bas ocouryed in this cnse.  The weascon for
the failuve o demonsirate amylazo synthosis de not lnown but Straub
himpel® weports thot he finds on eocaglion that, Pow some wilknowa
vooapon, 0o synthesis can be chbaineds Perhops fuvshoer worl on

this syston way cnoble more oamstant yeswlis o be producede
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OREOUSEI.

O dncubeding o homogenade of plgeon povowens there i on
apparent Snorense 4n omylose conbont of the order of 207 when fhe
" ongymo 40 aspoyed withoub special tmcatmonte  (Fige 4)  This
inorenge bokes place duving the Dival fifteen Go thivby mlmbon
afber whilch the cawlase lovel dveps obeadily wnbil, aftew two houva,
the lovel s less then the indtlal levels This lotboy denvonmo
coudd be due to the aobion of probeolybic engymesn, thovgh tyypein
dobdbisor 34 nob appeaw o hove any offosh (Wig H)  Theve
oxa, of coursey obher protedlybic enmymes presens whilch gould
degtroy the anylotce

The dndbial lvowense dbhperved do of mowe dnbowest; oven afber
butonol breatmend the inercape wos gblll cvident although the
awylone loveld wes ebout 85 lowor them 3n the wntreated samples
(Figs 4o A gimiley effent on anylose eobivilty hos been
veoorded by Hokin (1065) bub Khesia (1958), oa the obhow hand,
elodns en dnspoase of 4w Yo dhres dimes In omylose aotivily
afber Duranol trootments. Vo com offer no cwplenotion of thene
apporenely contradictory dokne

On trontment of bthe stwples with Ballotind boenda, however,
36 s found thob thepo o an ivoroasge dn bthe anylose ackbivity of
pll pomplos, but espesielly at the beglming, so that no greod

svbseguent wee 4o nobed (Mlm 4)e  Thus, 4% wowld appead



iy ey

thad the anyliase o present oll the vime bub is not dn an acbive
form ond i 0ot cablimebed uefor ondinary conddbionze  AfGop
vigorous dleinbogration or on Juncdbablon 4% 4s 1liberated ond thie
ancounts for mosh of the docresse dheserveds  Toouople evidense
dobained wonld suppert the view thoabt 1ibtle op no actunl synthosis
of protein As Soking Plaoce (Table 18)e  The gysbom desowibed by
Steent {(1955) was olso propored, bub wo evldense of synthosis wow
ehbodneds

The dosieability of obboining a colleres gyoten hne been
emphasised befome, but thewe ayo many aifriculides o be oversomo
dn achicving this ddesl. fuy atlcmpbs bowords this goald have noh
meh with ony vonl suocosse  Om hawogendeing o tissue the cell
menibrane ds muptured avd 34 the homogondsing s veny vigovous
ther the cell ocunbents aro bLyoken we  The endoplnswds vetdoulum
I the dnbacth oell conmdsts of o vesicleelile struchure on the

protein,
cubelde of which 1i4t2o pavbicles of RNA ave locabods  Yhese

sbruchures may be seen gudite veadily in cleetvon microprophs of
pancrens (Palafe and Bekovitzs (19Hh). Afser hovopenisebion
the opdgplasmic rebiovive may boe resoverad os the wmlovoscme

fractldon and on emmdnation oFf this fraotion wilh the cleokron

WACTOs0o0, voslowlaey stvactures are sbill to De seom, bub An much
L)

fower yonbers (Palade and Bickevitz (1985G) Considexeblo disorgpnis

of this sbructure has dovloualy bokon placo and the welabionship

of the epdoplosmic retloulum, mitodhondedn, nuolons ebos

b

ol

don
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has oll been distwbeds &4 more gentle procedure, such as that
adopted by Gale (1955) is perhovs bellers Hero the Stophylococei
ave disintegrobed by witrasonle means and the internal domnge
is not so exbensives The inbegrity of the endoplosmice rebiculum
is probebly of dmportence in the inibisl incorporation of emino acids
into protein.  Fomeonik apd Keller (1954) limited theiy vime of
homogeydedng to twenty secounds in their ooliwfree incorporation
ghudies and vecoxd that times dn excoss of this very shord period
result in folling off of the incorporation notods

The results chbained by Stvaub (1955) would appear to be ob
vavdonce with the idea of the necessity for integrity in celiulax
architecture. However, recently Styovb (195% a, by and ¢) has
published a series of papers in vhich he demonstrates thet dn his
system he ds not pgelbing o de novo  synthesis ftom amino acids bub
rather o eompletion of the anylase molecule from polypeptides alveady
pregent dn the cells In othey words, the vast majority of the
work of awranging the amino aclds has been accomplished in the
unbyoken oell vhen the cellulay apchibeoture is intact,

In our studies we have demonstrated that, locnted in the pancreatic
homogenate, is amylase in a form nob roadily aceessible. This amylose
appears bo be tightly bound and 4o be freed only after vigorous
trentments The exeolt nabure, locobion and signdficonce of this

moterial will Be the subjeet of vhe nerd sechion of this thosis.
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The location of Bound Amylase in
The Pancrestic Gell.
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JNEROCTCTTON,

Wo hove shoun in the provious seobion of this thesls thab,
vhen o ccll-frac honogennte of pigoom panoreos is dnmibated in tho
pregense of omine aoids and glucose, an appaxend syatbosls of
omylene ooouvse  IL howovew, the humogenste s tweabicd dn a woy
deadgnad o break wp ony perdloulate I'Ea’?ﬁ“i‘i@ﬁé‘ﬁﬁ?»g wa find that ouy
opparend syabhosis beswnes negligible (Flge 4)s  This dmplies
thet, durlng dnmibobicn; thero ds a veleano of preformed owylase
which spporently cowld aot be dobested ag the beploning  This, in
Yagh, mo de ngve synthosis of agyinee hos tekem plages  The lecabion
of this epparenptly bound amylose wes dovestigetied bo asocybain vhother
this, dn fast; wop conlined b0 one Craction of the coll or was o

genemal proparty of oll fractlons.

The bivds wovre propercd as voual 2vd tho pPonsreses wWawo
bomogendaed In 089 M suoreosss. The variote coll foooblons wowo
prepared os oublined dn Teble 1 and the fvacbions wors oibher
sugpended. in KedbeeRinger Dloorbonate or 020 M svorosss

Fpeopesioyineg, Uhe conbents of the flogk wewe frosen by plaviag

the flogk in wolld Clqealoghol wixburce The flask was then pub funbo

o vacwmm depiocetor {(with PO as deslonand), covenuabted, ead lefb



02

overedsht In the colds The mnterdal idn the flasky when dahaolubely
diy, was meds gp Yo o keows volune and anylase axbraction oarpied
ous ap dessyibels

Tpreesing opd Yhowine. Phe conbents of the Tlapl wore fvozen by

bedag placed dn solld G0gealochol winbure ovd Chen thawed by
ellowing the bemperobure 40 lse So avound 8% ¥his process woo
vgpented govereld times as Indloatods

Ballotiod hood Yreoatments This was govrled oub by Uthe method

»

deseribed dn the appendize

Pubanol Tveolments For delails of use see appendie

e

Arylose Botimabicns  The methed of Swith and oo (1949) was usecds

TFor detoils sce oppendise

Lipese Bobimablon. The method of Soligeon ond Waohlaos (1980) wos useds

In this mothod ﬂ =naphihyl lousabo ds hydvolysed by Lipase b0 glve

, ,(37 wunophihol which ls convepsed bo o purple azo dye by the coupling
aff wwo nolesies with Sebinactined diorthonninidine. This plgacnd
de thon exbrooted with obhyl acebade and the gptical doneiby measured

golovinebrlealiys For dobolls of agbuad egbimntion, sce appendise

RESOUES ond DISCUSSTON.

Oy opighonl choowvations, wiieh suggested That sone of the
anylose fn the pevorass oscors do bound foxm come from lucbablon
sbuddon (Vi 43s  B6 wng therefore deeided to sbard by

G
|
v

studying vhich stbocilvlay fracbions wers Pospons

2
5

b
fud
=
2.\
(3]
%
€2



TADLE 2%

The effeat of Ineubabtion for 2 houwws dn Krcbs-Ringer Bleoxbonatbe
On the oppavent onylese conboent of eyboplommic fpacblons

of PlECCH PONTTCA.

7 i P i i
; . !
§ Appowent  Bozyme Conbonbe ! ,
Geld, ' i . : . ‘
: i Monea.
Frnobion. i Befope | MY%ew }
: dnsubasion | ‘
. i . k . | )
) T ! i
i : . -
| |
Mbochondrio 8630 D4LE ‘ 4+ 9%
f , |
| | |
i ) |
MACTROECHOD 1178 : G065 v 1605
| ; o :;
Celd Sop i 7940 ; 7760 - 5% ;
|
E ; i
) i i o ) )

The coll fractions were prepared in the usuel way ond were suspended

in KRB

Rosulbe cxpressed os mge. shoareh hydmolysed per mg W

Menn of 5 dbservationg.

Tnoubhabion was for 2 hours ob 879,



The efifecy of fresge=dyying on appavent
amyloase content of plgeon pancress microsomes.

! | |
: |
| UNTREACED, | FRERZE-TRIED,

i i

i |
Before Incubabion. 1490 | 5512

!

|

! |
| After Inegbabiopn. 4706 { 5390

]

The microsomes weve prepered ag ususl and suspended in K.R.B,
Rewvlis expressed ha wmgse sborch hydrolysed per mge Ne

Mean of 4 observationte



The effect of vrepeated Treeze Irying on
appayent onylagse conbent of plyeon pancrens microsomess

o ]

Pyeotment, ' Aylase Gonbenb.

'
e Tt

w3
€3
<
o

None.
Treeze Drying x 1. 5718
freaze byying » 2 H969 j
l
- |

The microsomes were prepaved ss usual and suspended in KRB
Resulbs oxpressed o mgse stavch hydrolysed por mge M

Mean of 3 obpepvebions.



The comparison of Freezing snd Thowing with
Treege=drying and with incubotion on apporenk
anylase conbonk of microsoness

b, " " " ‘ e AL vl R I WRp—

Troabnent : Myylase Conbonts
: i
; Wone ‘ 1763 ~
| Treezing 20 wimes : 4222
| Troczemdrying ! 5250
! Tucubation (2 hours). | 4445 i
| |
| o L

The microsomes were prepared as usual and wefe susponded in K.R.B.
Resulbs expregsed as mge sbtareh hydrolysed per mgs N

Mean of two cbservaliong.



-

insrease on dnovboticon. The usuel cell fyoctlons, mitothondria,
mioroscnos ond coll sap wowe prepored frem a 0«28 N suvorose homogonsoto
of pigeon pancrease. The Cragblons werpe wohomogeonidsed in KRB epd
dncubated for two hours ot 57%  The vesulbs ore shown dn Table 22
Here 4% will be scon shat the mivtochondele and coll poap show 1ibtle
change in inoubabicn, but sho mioroscares exhibit on dnowcoso of 16074
in omylase sonbonls This dncvense dn micvosomal conbent moy
reprosent true amylane synbthesls, bubt, sinoe o cnoevgy souyae o
andne acdds wore provided by the medivm, this doss not secm Likolye
The albternabive cuplovation for this change in miovoscmnnd conbond
with dncubotion s thet the amylage oxlels In tho frosh preparation
dn a form which canmot Bo cebimabed end thet dnatbhation releasoes

this bound omyloac.  IF this hypobthepls i correst, othor methods
of Libowoblng omylose, cege by dislutegrotion of tho microsoncs,
aghould lead b0 en dncpease similoy do thos produced on Inovbeblon.
Ouy Pizst method vop frecge duying. Toable 28 shows that incubabtion
off nrimﬁomam in o nedivn conteining no ATP or aming oolds led 4o the
voual shpiklng dnoveoss in npporent amylose conbend, bus Lreeze dvying
was egually effonbive and, moveovew, bthe offest of inoubabion on
onzyme content ossayed dn this wy wos nepligible. | Rapeated £rceso
dwying (Toble 94) showed that olighély move onzymes could appavently
be libovated after two such treatmonba. The supewiority of freene
deying wwer othey methodn ¢riod wos chown by camporing inovbation nnd

froone dxying whth freosing and thowlng repeatodiy. Wable 26 showmo



PABLE » 20,

EBffect of ¥Frecze-Duying Trom different media on
apporent emylase conbont of pigeon pancreas microstmese

‘ | |
TREACHINE, | Tochechinger ?ﬁ?ﬁe i
’%m}m 1600 1900
31’*‘:-:*(—3{-323@ Doyiog 4240 2160
Inewbated 2 Hours. 2490 ; 1815
éélnsuiza'beé, for 2 Uours ? 5760 1760

5
|

|
|

and thea Preeze Dried,

P -

E

The microgomes were isolated as ususl and wore suspended in
elthew Q28 ¥ suorose or Krdhe-Ringer Bicurbonntcs
Resulls oxpreossed as mgs, sbtavch hydrolysed per mge ¥  Menn of

twe ghservabions.



The effect of homogenising with Ballob
bubanol, o

ind beads,

Preewe diying on apparents anylose

acinor oolls

oonbens of various frasticns of the panoventie

o $ o

o

ecabtmo

b

Poease

[T

Fractdon. | Hpbe | Woue peded, b HOUOEUNEZARD Bubemo,
‘ : ‘ 5 mive 10 mine 20 mina

o ; )

46 1 100 100 98 30D 98 77

Mitachondpls 47 00 103 108 110 109 76
: ? Lo ] , y r—

' Menm | 100 10d 208 108 109 TGe 5
U et et - -

4 100 108 161 148 146 129

Viorosomes 48 100 99 188 149 146 04
; o e -
; Momm 100 108 ¢ 189 146 146 132
ot 4 . . : - 4
'f | ¢ | .. .

| 46 100 9%, 108 115 130 o4
f o L y i w ; '.
Cell Sop 49 0o 100 % 108 dod 106 g 92 !
' e, St ‘, ¥ Dl oty ««-«i -‘
: ; . i . i :
| Moan | 100 oF % 108 110 108 5 gy
f I ; |

The homogenlsing medivn used wag susrose-Fly,



the results which wevenld that freege duying iz the most effestivo
provseiure. This, dleintograbion of the particles hos on acbion
similar to thot of fnovbotion and sbrongly mxg,ggéw%m that incbobion
4o mevcly relonsing amylogse alresdy prosent, bus nob de on ackive

or avadlable fowmp,  Since, ab tho vime thore enperinents were

belng perfomed, wo were engnged dn etudles of cell-Troa syuthesis

of amylope, 3% was desixnble to use parbiolos sugpended dn Q.85 W
sugrones  Acoondingly, some emperimonis were corried cub o dosepmine
whether the particles conld still be modo 40 yicld vwp thelr fudld
anylase conbent afber proparetion in this materials. Woblo 26

ghows thab O 28 M cuervse had a protestive offost end £0ll Ifhexation
oX the enzyme conbent could not bo ashieveds VThen guoroso soluiions
ave sbjested to fycose drying they boeamme vewy vigoous opnd prosunybly
thic prevents myim:w?é of the partlalas,

Wo shus worae é‘mmm:l *&@ @m:pmm albernasive meons of proleaning
bownd amylope fPom oucrose containing medin.  Abbonbion wop dvawn $o
the o0t Shat Ballotind beads had been effenbive in seouring rupburs
of very wvosisbant becteria (lomapn amd Mllette (1954))e Ve
thogefore bricd this mebhod ond the vogulds we obbained ave shown dn
Toble 8%« In this deble -&m amylage coptent of the wbrected
sample 48 bokenm ns 100 and the values dbiained by the varicus methods
are galenleted dn relation to this Plpuwe.  An usual, fesese doyvieg
is nob effective in suerose meddn. Iiwa%mm She vae of Pallopind

bends hes incrensed the conbtont of the microsanes by 5874 afber five



TABEE 28,

The effect of Varjous Prodoedures on apparent
lipase content of various fractions of the panvreas.

. o ey

l"“‘ ey ol g o * d ,‘ 0 e B Y o et }
; TREATMENT | i
! N - N s i
enotilon. ) .If‘m‘eve § Romaend sod :
AT " SE86 H £ LS HBEU
e prica = - . Putencl.
.5 Nine 10 Mine 20 Min. !
Mitochondria | 200 100 77 75 &4 : 2
| :
Miccosemes | 100 95 . 72 66 67 5
§ ;
Gell Sop 100 105 78 8y 0% g 4
| | | |
| |
| - . !

Fractions were prepared as usual (Table Noel) and were re-suspended
in 0025 ¥ suerose. DLipase was esbimebted according to the method

desoribed in the oppendixe



TADLE 204

Digtribubion of Bound Awmylose im (ell Frachbion

of Plgeon Panereas Isolated in 0e25 M Sucrosce

kg vkt sk e A ey

% Inppease afber |

T"’-“C‘-@L 40ha Ballc:i..:.n,i. bead Trentmeute Hioane
: ! da P )
g . | " "
{ ) t
, i :

!
f » ' ', 1, w :
;f}mamms; - X0 a w3 tde 8 j
m tochondrda |« B * |
.icmscme., (1) L aBY
| ) 2 | g +46
Mlerosomes (2) 40
i ;_ :
i t i «
Ulramiorosomes,  +10 b (Lost) -

|

icmm Sep w5 -l | +2

e e

The fracbions weye prepaved sccording 4o Wable Nosd and were

reesugpended in Ce 20 M sucroses Bollobind beads were uged in

accordance with the method deseribed in the appendix
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mivntes dveatments On lonper brenbiend cozyme losses o0 oppavrenls
The mitochondwio and eell sop show incvemenis aiber honopenisation
with Ballobind boeods which owxe consistont with soame conbamlnnbion
with wicrosomes.  Bubanod was also tried at tho same tine and we
confiomed the wreswlbs wo had dbbained provionsly, nemoly, thob
butonel is nob o sulhdble meons of veleasing owylase (Plge H)e

To davesbignbe whebhey this binding wan Linibed bo amglane woe
ceramined Vipase undew the some conditions. Toble 28 shows the
vegulls we dbvbained with this engyme aud fpom dhese 4% will bo scom
that Lipase 1o boing Junctivabted duplng the provedures cnployeds
Payblculayly aotcble o the effest of bubonel whieh has romvlied In

in

complete/nubivation of tho 1ipass

The wost ¢ffeskive wothod we had ysed for the Libevablion of
amylase feon paréicles sugpendod dn 0.25 M osucrose wos honogenlsabilon

#

with Bollotind bendss Using this proselues o looate homed amylase

2 rore exbenadve sohewme of oell fracbionsiion wos cawpied oulb In Q.25 M
suoroge (Table 1) and endh of the Prapbions wis suspended in 0,25 U
SuoTosee  The amylase gonbent of cogh fvackion was espoyed beforo end
after Dallobind Dead twentmont. Tobleo 29 shows the resulis wo
obtodnad In two soparate cuperiments. T8 will De seen thab the preatest
emonns of ‘bound amylase do found dn the micwvosome Srochion aa
befors {Boble 22). On subfrocbionation of the micxosome

fraction the 1dghtor microscmes (J.e. sodimentiang hobween 10,000 and

18,000 g) contadn a groaber emount of Dound cmylase than the heavier



P

nA,Cr0s0meS. The ultramicrosomes aye the ouly other froetion bo
show any sigodficant bound omylosc. Thiz may be due to the

conbamination of this fraction with the microsome froctions

CONOLUSION.

From the daba presented sbove it would appeor thot amylase
present in microsomes Preshly isoleted at 18,000 g takes a
somewhat different form from the engywme present in the vesh of
the coll. o wlew of the possibility, alveady moobed, bthet
rnylage is fovmed by the microsomes, furthor duwwestigation of
the nobture of the hound enzyme will be congideved in our nexd

sechion.
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Plate 2. Survey section of pancreatic

cell. M agnification x 50,000%
N = nucleus
M = mitochondria

2

endoplasmic reticulum

exocrine



TNIROTATTIEN,

3

i

% ds coprendent ot this poind o cunsider the obiuciuve dn

s}

2y

”

the Liwing okl woich 48 Sdentified with the Decbions fsolabed

by the technigue of differenbiad ceubwifugebion. The ondinagy

Lisht miovoscope has enablad mash debail 40 be dhserved in pelation
o the lavger sbruchures of the calls.  Howeveny, meny of the fupordont
a¢ll pavbicles arve beyond the Linits of vesolution of thoe ordinany
Light mievosoone and so the ¢lentren microscope has been used fog
blologioal maberial dn oell struobure studicss The clootyon
microseape affors mony advagboges pevbioulayly 08 Yo vesolviog

power ond, os a result, the proparabtion of gpesimens for esanimatlon

a

st Do veyy cavefully done,  Speoiald denimiques of fiming, mounbling
and custing the peoliiops have had 4o Te devlsed and these are 0ll
TELY GAmesnonsumlng

As o proliminewy %o studyiveg izolaved micwosome fwootiong, we
made gome eloction slevogropha of whole panegoas cells, apd thene
mey now be oonaiderads T our sboudy swell pleces of ponereas
wore Yoenwed o8 vopiddly as possible aficr death and placed in
omnde aodd Hulfoved S0 o Yede Af'bew dehylration the tisome
e cbedfed in p-bubyl wetbhacrylabe and poobions cube Flobe 2
shows o geveral svivey secbion of nomeel plgedn PIROIGRS. The

magnlfication 58 ® 30,000, I the seobion onn bo seen the nuelens (W)

whach s sgibvabed of the Dago of the gelld, fhe eyboplasa of the



Plate

IK

3. Survey section of pancreatic cell.

M agnification x 50,000.

N

i

nncl eus

zymogen granules



Plate 4 Mitochondrion of pancreatic
cell showing the characteristic cristae.

AMlagnification x 37,000.
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Plate S. Endoplasmic reticulum of pancreatic cell

showing the vesicular and particulate
components. Magnification x 37,000.

( RNA-rich )

>



orooriae pomorentic eell sonbodvs soveral wiboshondria (), a

wold, developed endoplosmic vobioubun (BeRe)s manldl dewmse porbiclon

anfd v sone eapcs lovpe clectyon dease shractuces, the gramles (e

o gostion the endoplosmio rebicvlum Sa poprosenbed by wwnewois
profiles of glivevder, ovel, clomgabed or lvvegulor shapes  In the
pancreas the elopgate Dopm prodoninabe. Thay ove houpded By a

hfin houogeneons peubrane and, In most cososy appear bo bave 00

sonbonbze  Abtochseldl to the ophey suriece of these profiles ave snoll
denge pawblcles whioh eomprise madnly [k,  Flate 3 ghows ansthe
panblon of prooroes 0 which sane seersbory graomles (6) ave presenis
Thane Tindlags ave dn acooed with the sbudies of Polade sund Slckeviez
{1966, aL&d)  on Lver el panorsss TLeocs Flabe &y bolken o8 o higher
mogadficabion (z 87,000}, shows wove ghroctumal delell of a miboshondrion

40

in vhich tho twansverso ovistae, chavapboristic of mitochondring
& k3 k3

ave woll defived. Flobe 8§ i the one vhish ds of greatest inbovest

3,
)

Prom owy Jonedisbe podnb of view Thls showg the gbrocture of the
mboplogaio rebisuwlon in precter debaids  Tan this ploture the
endiaplosnic rebiculum is peen dun grostor delail and the prosence
ol the BiA-conbeiving particles s cevident on the wmibside of some
of the vesiclog. Ueosurring Tree in the gyboplase sre mmaldl,
dense pavbicies vwhich nay be BNA poarticles libereted fran the
vesicley Ln the course of the preperation of the tissue. These

.

Proo parbicles will rive xise bo the ulbromicrosoane feachion
- 5

gsedinonting o 106,000 g -in 880 ¥ suarascs 3% has beewn
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demonsbrabod by Palade and Sickevits (A986) thab the cwdoplasmico
vebloum gives rise o the micvosome fraction sedimeniing ab
308,000 g from G.08 M suovose or al 18,000 g fron 0085 M susrose
{oohmeider, 1948)e

Those who have apsosinted protein aynbhosis with wmlezvoscmnd
perbicles have ol made any clear distinotion between the heavlew
whoroasumesn obd Wirenicrentmes dn btheliy studics. Ynweyer, &4
is opparent that bobh ouwy lsctopie fncovporabion dada (Fige 2)

| g £ * ol Fy * ;.“a N A
and our bound amylage studies (Pabde 29) inddeoste o differsuce

between the microsome vesioles (18,000 g) and the Wlbrenlorosonss
{308,000 g«;‘)?*{ﬁm dndbiald Jocorporebion of 3*4ﬁfmggé,§fa3:‘§.m and tho
pergentage of hound anylose Dedng hilgher dn the heavier nicrosoene
Trablons

I oxder o tny b0 evaluate vhe wole of the microsomes in
panoresbic annyone syabhesis with greabew preaisilons we thewolors
aooducted further awperdusvds on {3} the wabure of bound anylase

hel ] 1&1‘. N o =, » +
and (B) on “Ueleglyeine uptale by this powd of the mubwecelivlas

P . 93 Py e
ayehisenintit,

%

The Nature of Sound foylase dn the Hiorosome ¥eoohions

TR

We have slveady deseribed the evidenso fur the oxistance,

L

in aseosietlon with the miovosasal Dinoblon, of cuylase vhich ds




AT T

not estimabed wndeow ordinapy conditions. This bound owmylose is
apscsdeved alrost onbiwely wilth the mlovogune fraebicn. The
pabure of this anylase and the fomm dn which 4% ogouve ope oF
dnterest dn view of the nlleged assosletion of tho mioropeme
feoetion with probein gynthoesis. Wo mued geend ogalnat the
poseibility of this cxylose belng movely Sropped cmong aggrogaten
of wlovosone partioleop. Ve mush also Gy Ho oatoblich vhobhow

4% auours dn o sbruebure which sedinonts olong with the miovoscmes
Guwing dlfferenslal confivifogation, In this scobion wo will
oblempt o show the tyue velotionship bebwacn the bound smylospe

and $he mlovesons freooblons

HIEEEIODS

Sempleos of microscoes were prapaied in the uswal way fyom
Qe 25 M suoroge homogenates ag degerdbed dn Table le

Moyloge Betimatlons were coreied oub by the method of Smith and Roe

(1949) an deseribed in ¥he appendfrs
A was estimabed by the ovelnol method - for dotaldls soo appendlis.

Nitzopen cstimntion - mioro-Bieldahld method oo usual.

.....

RESULES  ond DISCUSSTON,

Our Livet omperiments wore desipred do climinnke the poseibdliby
thot the bound amylase wos mechanically trxopped hetween microsamal

parsdoles wWhloh had aggrogabed during the decletion of this fraction.




TATES 80,

The effedt of Woshing ot 0V on the fuwylase
Combont of Morosenog. -

F st e -
?E?x?m‘;‘i;ﬁs‘:zsz& Unbronted Ballobind Beodse
WAcronanes 562 , 448 {+ 83)
Waghod

S oronunes 262 , 60 {+ 78)
] i

i i

. - S |

The owylose (oba ave cxpressed as Zmilh and Roe wodbs por =i
of solubion.




]

A% the geme tlme we Gesived o duwvestigoto the slignifioance of
the bound amylose in velation o opzyme syathesds and to thoese
endp wo wnderboolk asoveyald ouperdmenbgie

{2} The microseme fraction we woehed to debemine vwhobhor the
bound omylage coldd be frecds

(b) The offent of ageing of the microsone preparobion on the

pmoent of bound anylost.

(o) The offest of Voshing on Mlerosgmal Maylages A pomple of

miovosomes was propaved in $he venoel woy end wve-suspended dn 0,28 M
seorone with Light honogenisabicns Gne portion of this was
rewsenbrliuged at 18,000 g; for sleby mlosbos, the supersaboni
fngantell and these waghed nicwosancs wewsuapondod in 0 25 M sueroste
Mylase epbimadions wore convried out before and afber Ballobind, boad
trootment 0f cach Traction. Tobold adivompen detomatnatlons wore olso
mado on the Ywo miewosone praparations. The rooulte dbbained ove
shown dn Tablo 30 The awylase conkent of the mieroscmes dvops
By 227% on washing This lope mosh. 1ikely weprosents amylase
conbaninating the mioroscme foacbion, probebly from oelld soaps Ok
veeatmont of both the sawples with Ballobind beads an inovesse of
approxinately the some mognitudo, decs 80 fmdth and Ros wnlbs peor ml,
ds Pound. Thus the effect of wmshing apponys 4o De confined do
the removal of the fxee mmylose end does not oppovenily offest the
bound amyloses I the bound anglose wewrg dn fact, tropped

hebwoen aggvogates of mlcovrosumes, one might antlolpote thob




TABLE _ Gl

BfPeat of Woshing at 57% on the Amylase
Conhent of Mieroscmes.

Mioropenss Unbreothed Bolichind Beads.
Uinmashod 359 550 {+ 202)
Woshed ok 599 218 405 (+ 189)

The aylage data are Sndth ond Roo walbs per wml of solubicil




AN I

woemropension would lead to liberabion of a vongiderdblo portions

In am abbempt Go glve the porbicles o mowe vigozmous washing

srentment in opder bo disloldge snglase twopped in sgurepnbon,

we earpied cuh the following eupevinend. Worosomss, prepeved dn
the somo way as before, wovre wossuspinded dn 025 M avecroso with

1idght homosenisaddon avd a porsion was shoken wigerously dn o waber
hath ab 579 for Fifiem ninubods Afser Ghis peried, the wnleroscmes
were eonbrifuged ab 18000 g for oizty minmtes; bavvested and sugpended
in 025 M suovross. Amyplose egtinablons were comeled oaud on the
unbveoted and wished miorosones before ond afber Ballobind Dend

)

vroatments Table 8l ghows the wesulbtn vhich woewe cbtniued. I
will bo seen that Pollowing this treatmens the miovoscues have losh
opprosimabely 407 of thelr amylone, but thal on treabtment of both
sompleos by Bellotind boods the some dobol cmount of awmylose de
appevently 1iberatod, L. o 190 swith and Roo wndls por wle  Thws tho

gffest of wabing of 57 oppears 80 be cspenblally the same as washing

o 09, %o0e oxly on tho oonbomlnating omylese end nob aa the bound

L

(D) Choneon ta fovdane Gonbont of Wovosomon on fsedwe, Vo hod
provionely dbeevved thet the anylese ponbest of microscmen cppawenbly
dinowensed on stonddng In webor dn the cold for bwanky four hours op
maves WMo bwestigats this fact ond o xalate 4§ 172 possible to the
gueation of bound anylase, o sample of miovocanss was made up dn watewr

.

ond allowed bo stand in 4the oudd for thweo dayme  AfGor this wime,
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amylese soblmebions were cawrded oub and compamed o the stavting
yalne. A sawplo of wicrosomes treabed with Bellobind beads wan
aged 0 the same way, A fuvthor semple of the same miovoscnes
wag shored in 025 ¥ suorose In the oold and glso we-opibinatod aftep
theee doyse  The weoulbs of two sudh experiments owe presented in
Weble 5%  in bobh experluents wo Tound thef, on stending la wabod,
whe eppavend awylase content of the mlorosome suspension hed risen
and was approdching the level off the Ballobind bead-bweated gposimen
whdoh had pamained wnaltewsd Guring the thyes days in the colds Gn
the obher hond, the anylese conbend of tho spesinen stored dn 025 I
puorase raneined essenbially simdiaw o the original values 8
forther expswinent confirmdng thoge Pindings ds shown dn Tige Ge
&t oan thoyefore be consluied that suspensicn in wabey couses 8N
gpesial chonge vesultlang dn the Downd cnsyne Hecaring aecoyeblcs

The question thus arises, dogs this anylase hecoms debached
from the niovosemel parbicles when 4% s made assayubleo by ageing,
ox do the particoles wndorgse some chonge which spesults In exposure of
the substyate o the enmymc. This prdblon was dnvesilionted by
sapeveblng the microsones from tho suspending £lvwid ob veriovs Simes
during the ageing prooess, ond dotemmining how much of the aunylose
had migroted into the surponeding fludd.  With those dato, wo hove
olgo corvoloted ehanges In eleotwon micyogrophs of the wicrosamal
parbicles, welng the Gechniquo cldborated by Polode and Sdokovits (1966)

for cxpmining dsolated cell fractionss



TAULE 55

Bifeot of sgelng in Wabtoy on the fsylnse snd Ribose
Gomnvent of Woohed and Unwashed Micwrosoness

l ' ' T

gﬂ  Wope of Inovboabion  (Moubs)s
L i&n .?‘ - T I
Fraction, 0 24 8 72 .
- !

MACTOBOES 1300 1240 1266 1240
Morosomes © 1980 12390 1969 1220
Supermnbont 00 790 800 760

ﬁﬂi@mmﬁw" 408 430 664 468

Hioposcmos ™ P 576 63 Gk

;

;mpa:@'m'& s 24 74, 48 56 |
, \ |

Fracbion

wee N

per mhy | mgge Ribese dn Fellab,

& hourse

72 houvse

M orsscnos

Washed Miewouomos

Qs TGO

Qs 415

:
>
L
&3

e
=3
et

0 D55

(0 478

© Ballotind bead treatads

higllase dete are Smith avd Roo unlbs por @l of origlesl solublon,

3




Mg %

The Effect of Ageing in Water on Amylase Content
of Ordinary and Washed Microsomes.

Ordinary Microsomes Washed Microsomes

’5005,_—-——0%

600 .
Ballotini
Beads
500
11000 | "é 400
= ~
B 8
£990 S 300t
9 )
) n
;5:800 M é 200 |-
ot Supernatant R
g n
)
’ 700 | 100 |-
| TS
600 i 1 1 0 [ 18 j
o 24 48 72 o} 24 48 72

Hours Hours



Plate 6.

Ordinary Ivlicrosome”: Electron iwicrograph
of pancreatic microsomes isolated in 0,25 M
Sucrose. Note the presence of the vesicular

stT\ictures. V).

iaT.gnification x 14,000,



Washed Microsomes. Electron Micrograph of

Avashed' pancreatic microsomes shows the

absence of the vesicular structures noted

in Plate 6* Afognification x 20,300.
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The wlovosaemal frootlon wap prepoved in the usunl memnen
pod o pomple daken of the oviginel pellet Ffor elestrmm nicvoscopys (Flate 6).
The vemninder was sugpended dn suwerosc and the amylose combens of thie
maserdel ds chowa do Toble 595 ond Plge Ye T8 yielded on axbtya
180 amyleno wﬁ“&m pew wl of microscne susponsion whon treated with
Baliobind beads (bound smylosa)e A pordlen of thoe frastion vns
waghod dn 025 1 suerose ob S¥° for fifvecn mimbes. The pelled spun
down €rom this mateviel (woshed micvesomes) was svbmdbied Yo clenbron
sderonaopy (Flate 7) ond also assay for feee and bouwnd emyloses
Prgn Rable 85 4% will Do soen thal whorenn the fves anylane osvdbend
had gone down by more thon e half, oo o vopulb of the worldng procodure
the bovnd smylape sBill gbonds ob 180 woedis per ml of origivnd microsoms

o)

proparablon.  In ovthew wiplle, washing hap veroved ooy feco auylase
combominating the propazaticn. This confians tho ©indings voconded
dn Tablo Sl
The effoot of oppling on the bound smylage of the fvechly prepepsd
and of the waghed miovosomes was then dnvestigabods A portion of
cogh pollot was weesusponded dn wrbow ond sbored ab 0% A% O hours,
48 hours
24 hewra/and 73 houwrs gamples wore token anfdl gpun ot 16,000 g and
the anylase conkont of the supewnatont £iluld cobimaleds (Toble 33 omd
Flge Tho Trvespostive of vhaothey tho mierosomes had been washeld
or Dreshily propavedl, there wos a sglow conversion of bound amyloge
&

bo free amylese, o0 $hol afbor soventy dwo hours chovage dn wabey

the anylage conbent ossayed dlreshly ogreed with that dhbained



Plate 8.

Aged Microsomes. Electron Micrograph of
pancreatic microcornes aged in water for 72 hours.

iNote the swollen vacuolated structures '"vhich

are now present. Mr.gnification x 19,000.
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Pollowing Ballobind Doad dlompbdons Thia cmflmms Yhe data plven
40 9oble 59 and Pige 6, momoly thet sbovage In wber Jeads o
Liberation of bound owylasos M eooh Gipesdubowynld, the smss:ppemiém
of microsomes in water wap ppun ab 18,000 g fov sixky ninmbes; ond vhe
prylose ramdning fn the swemmaynnd fluwdd sosoyeds  The dota show
that the 1iberablon of Deoond amylose dn the agelng prosens e noH
acoamponded by the appearanse of o.corvosponding amount free fron

the sediusnbed paviicles (Toble 38. Plge 7). Ia other words; the
amylases thongh now vapshle of being Tully assayed, was shild
abboched o the papticlesn. A thils stapes o smmple of the miovoscmald

doposdt vas oxemined by olesbyon mieroncony (Flabe 8).

The elevtwon misrogrophs covwresponding o vhese chongen avo of

some Anborest. Flote 6 48 2 -Wypicel cxemple of dthe wnbrented
miornscne fraction, magnificabtlon ohoul u 82,000, Phere appoow o
be prosent dn thls fraction lovge thin walled veslewlor shruchbures,
spprozimately 1,000 » 3,000 mu o dlomeber, with mathep diffuse
gonbents. These shuotures, In view of thel® conbend do nob appoay
o be endoplommio vesiclen, viish An the intecl ooll ave ewply, and
st veprosent either mitoshondpie or wobure gramules which hove
updorgone paredeld dlspintegrobidon. Thy ave veuwy similay €0
degenerabed mitochondyde found on dsolablon dn 0.28 W susrosce by

Birbeol and Redd (1968). Boatbered thronghout the vost of the

.

Picld avs mwerons onaldd dense papbicles of average silze 30 m A dn

P QPP ’ U QO g & 2 a0 g ity | ney il b rryarrey R
Alemeaban, The ovigin of these abructures ia prchdbly Drua $he
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vosielos of dthe eudoplasmic woblovlums A% Jo wnlilely Shat they

Ly

ropreacnt the A particles along olupe these latier struchuves awva
wioh ameller (10 « 195 na in size) aceording So Palade and Siokovits

—

{1.988) ond Hlobe § of ¥

B
o
1

Py
&
-
gs}
2
@
B
B

Rotat These dense parblolos,
in some ouses, appear 0 be arvanged in clwsles weainiscont of a

[

he endoploomic vebioulum (Flate &)

2 °.

networls, similar o that o &

The plobuve dhtained with waghed wicrosanss ig somevhat Aifferent
o8 ig show In Flate % The most dbvlous @:&fi’:ﬁ’@m@am ia the abuouse
o the lovge, thinewalled vegieles vhich hoave Leon eliminotied by vho
wnghdng protctiumnde Tho dense payeicles seen dn the viwaphed
BEOTOSUMSS NOW appear $0 be a Iietie lawger thon 80 ma in diameber '
ondy MOTOOTOY, appear 6o be wore crenly dlshrdbuied throughony the
fiedd, peobably due o bhe loss of The fine dcbvios Thg, 4n this
preparabion, wo have nobed the apporent Logs of the vesiculaw
structures, ©ine dobwls and wost dwmporbant, the dnceroose dn size
of the denae pawbicloss

On apedng vhe nlovosomas, $he pilotove dbhbalned 4s quile differont
foom that of Hhe otbey Lwo preparadions. Flabe 8 ehavs thob thore
As a conpleote sbsense of the fine grouwnd mabardal and et the
particics ove now quibe dlsorobe. The slze of these particles has
dnoressed conslderddly to over 100 mu In Glawebers  In wany coses
there is the suggeshion of o vacuwle op o less denge avsa in the
GENLE Ve

in odddtion 4o the changes in amylace conbent winh have been
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dipoussed obove, we meagured the changes in pltrogen and RVA conjond
of ‘the microsomes durdng the washing prosedure. Toble 85 dhows
he rvosults and 46 4s opparent thab choub 5§07 of both of theso
compononts has been vemoved by wehing  The changos vhich havoe
gegurred dn the BNA conbent of tho miovoscmes during the ngeling

progens are also pecopded in Table 3% AfMier soronty Hwo hours

-,

&t will bo scen vhod the sedimeonteble maderdold has, dn both voshed
and vawmehed mdoropcnes, losh dhoul 30% of the oxiglinal BUA of the
weldol, Ainoe vhe magnitudo of the ohange dn bobh the unbvented
and the washed mlovoscmes s the ﬁmm, the possibdlity of aoblion
hy degredabtive onzymes G.ge Fiboiaglease i the most 1ikely

egplanation.

GONGTUSTON,

Thoe oxpewinents vhich wo hove caywled oud Lo coteblish the
anture of the assoniadlon of bouwnd amylase and the miowvosame $oaction
have been despribed oboves  Fram the dota dbtoinod 1% wldd appeon
H0 be established that ve-ouspengion and vigorous washdng do nob
adber the avalldbility of the bound mylose, which venders walilkely
vhe poosibility that the binding s wercly tvopping Hoveoromy
olegbyon mlovographs of the dsolabed fractions hove demonsbrated
that the changes cecvrring with washing conprise the vemdvel of

mitochondvial and othey dobylo, windeh as wo know €xom previons etudien

(Table 29) do nob contodn any bound omylonpcs On the obher hond,



308

the ageing of the mlorosanss in water for seventy-two hours bag

the effeol of wwmastdng the suylase bub not of Iibepabing At into

the supexmndont £luid (Table 83 and Fige 7)s 6 4o tmes obild
abtached B0 particlogs Weobwron micwographs of the miovoscmas

dn this condiblon aliovr sgelng (Flade 8) dmomwbrated $ha o
consddepchble smount of alberabion had boken plose fv the stzuobure
of The parbicles dn the miovosane fraotlions VWhenens in the wwoshed
wierosones these povtioles wexe dense ond of the ovdew of 30 mau in
ddomoter, thay Ind now the gppearvace of pwollen, sldghtly voouolabed
parsloles of abeud 100 my e dlomober

I8 woudd appeay fram the sovies of microgrophs pregernod thab
the paybiclos which ove uwndewgoing the chonge vepresont Tropienss of
endoplosmis wotionlun bo which aroe gbill atbached vhe RlA-nich bBedies
desoribod by Falade and gdcleritz (1986) ond which, vhen froc from the
webtioulun, appeay bo congbituie the wltromicroscme froobios The
chonges In chendoal eomposibion of this frackion during woehing aud
agedng provide favrthew erideuse on the mabure of the binding of
oy Lasds helng the wﬂaﬁﬁg prosedevs, aome of the protiein and
RA s leopt dlong width the anyllase fyom these mderoscmes. VWhen $he
washed micronomes owe ghored o water, no further lenkage of amyloge
into tho supermabamt ludd coouws, (Toblo 35), bub the loss of RNA
proceols, presuntbly besause of the conbinving action of »homuclenscs
Although only o part of tho RIA 1s thmg desemposed, all of the bound

omylage de ldbevateds Ib 48 thovefove unliliely theb the libevabtion



(2)

EJ.{}QG

of enyloso de dependent on dts detockmont from on RiA-bemplabes

Ta swoport of this contenbion 48 will bo nobed thet, Pollowing
shorage dn wabew, the RUA conbeny of the washed micyvoncne pellos
wag held that of the pellet dorived fvom 'i‘sh@; uwmbreated mlorosenos.
In epdlo of this dldferonoe dn RNA conbent 44 will bo dhesopved from
Toble 39 theb the pellet fron the unbrented mlerosumen webained the
pome amount of Sobel omylase (1890 dn whole speeimen less 760 in
sypornaGend = 530 wnlio in pellet) ne Ald the washed mloroscme
polich (528 unlis), ond, nove impoptond, Yhad 4 bobh coses tho
amylose was now all in aspaydblo form, desplie the vewy differond
degracs of RNA losss  Tinis the wmasking of vhe awplase by egeling

woald not appest b0 he dependent on loss of KNk

,
jné!' a o N 5. - o« ¢
- CGedmelyadne wotoke dnto MMorosomd Sudedearideno.

ALROTHSTION,

We have in Seeblon 2 of thie thesls preconbed cvidence that

o

the panorens is oindlaw $0 other tissuen, in so for an the hichest

Wpmglyoine

n 3

vpltoke of vadio-aobivity shortly ofteor eduiniubrebion of
s losated dn the nicroscneds Feom the previous desewdpbion of tho

L ) n

gtracture of the miorosanes 35 has boen chom that thoroe aze o
Alabinet povds dvce o nosbpanous pawd and the RA-rich pavbicles

ond &6 would be dmpowbant to kaoow how much cach pavk conbributesn
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%o this high 0w upbole. The seporablon of theso dwo pevbs
has heen achicved hy the use of sodiva deorycholabe (Tdttleficld,
Relleor, Gross and Pomespdle (1953)) and they have shown thab the
highest ldbelling ds to be foumd dn the W¥A-protein pars. We
seaordingly abbamoied b0 poparato the Bwo fractions of pausweabis
miovosomas end 40 exemive the ddptribudion of the ldbdlled oming
o0dds As wenbioned carider the wlbremicresone Practiom consisis
of pazbiclen of BWA-probein (Polofe ond Sfckevibts (1958)) and we
have alveady demonstyeted dhad this Sootlon has e lowsy uplbake
thon the misrosome Proabion (e 2)e By the use of sedium
deonycholate dn this feactlion, we consldsved thay 4% might bo
posaible to prepans on Rilbeprotein frackion of the ultramlcrosoncs

with the sowo activily as that foun the mlerosdnoss

Mot

£y 3 v R L” . ~ 3 ¢
Plgeons wane Injoobed wikh e “WeBwolyolne Son wiotes helone

saevitice and the panorsases wers huogendacd dn 085 M suosonce
Morosones and Wltrenionooones wors preperaed 4n the usual ways {(Table 1)»
fxentoent with Deowychalalio. The fwnebions wove dwested with sodiwe
dsosyeholabe o deseribed by Ldbbleficld ob ol (10H5) wish a slishd
woddfiontion dn the buffor voed.  The approximate wolshd of the
frootilon was debezmined ond bhreo quavtens as mush sodium deozyoholabe,
dn the foxm of o fwrestily propered, oold 5% solubion in Tvis buffew

«

221 ot pH 8 wos added divestly 4o the pellabs The pallet wog

H



homopendsed with a o0ld pestle witdl no gross paxeicles renaineds
Aoy gtonding on doe a fow minvbeny tho tube wap £i1led with Acc-o0ld
wabery mined and genvydfuged ab 0° for ono hour ab 1054000 s The
smp@ma%mmb aud preoipiiate viere separated by denantaticn and the
proboln dn cach preadplitatod with D0 L3l enbwactlon wag
porformed ap umund, {sceo oppendix) and thoe dey prodeln ws hydrolysed
For elghtoen houwn with 6F Hydvochlovde acdd 9n a cloped tube. The
hydrooklovic nodd was wenoved in vaguy ond the glyceine cstimnbed as
the P demiwvative (see appendix For dokailn)e

in thedy owiginal paper TAStIefiedd eb al {(1958) roscmmend the
use of yoyil=glyeine bulffer fovr the addibicon of the deorycholabe.
As we weve intorested in the gpesiife oalivity of the plycine in tho
protein fractlons dsolated this bulfer wes nob sulboble. Ve adopbed
the use of Twis buffer at the same molarltyy ond il

Treatment with Todohloveeetic Anild Under the condisions of oup
s ey ANt e I TRT TR e

exporincoin, wo wers hydvoly.sing probeln ssmples with 6V Hydroiklowic
poid for elghlem heounrs. These proboin somples wevo kpown %0 contaln
AdfPering smounts of RWA which, wider Ghe condlibicns of hyirdlyels. may

-

glve wise 40 a vevichle omownd of glyeine fvom the purine mwleus
{Maawo and Malenith = pﬁ“ﬂﬁ?&‘@&; comendentiion)e M thds glyclae
would not be lobelled do any exbent {(Pable A1) thie wewld vesuls i
o vexying &ilusion of the radloeactivity of the protein plysine. Wo,

thorefors, in most sases, breated the protoins Hwise with 107 F0A for

£38%con nimbes ab 90° Yo remove the WA (Schmeidey (1948)), befare
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Slb=Tranotionation of the Movosome and Ultranicrosoms
fracblon of Plpowm Povoreas with sodiwe deorsyeholobos
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% Soluble probein
i
I

it s = A

ﬁ‘hrﬁa popsreages wore yemovel IO mimybos aftoy the indestion of
“mglyoing  and The micwosmomes prepaned oo usual (Pable 1.

L0 trentment was caveled oub according to the wothod deseribed
by Schwmeldor (1946).

The modio-notive dabe ave expressed e cownbs pey mivube per
N glyoeing.



hydwolyaloag with Hydvoshloris acilds

RUSUNTS and DISCUSSTON,.

The weswlis of these cxpevimenie ave prescated in Wable 3ds

-

B will be nobed thot the woddowectivity in Sthe witramicrosumns

2:0n

frachion dn oll casen 4s lower thon Fhad dn the mlovosons £oactlon.

This Sinding of lowar wtolke in tho ultrondervosome Prachlon, op

compared Go the mloropenes, has been noted belors {(Pige 2).  On
treatmont 0F either the mioroscnes or wWlireniorescmes with deoxycholato,
it s soon dn almost averny eoee dn the mievosonss and in overy once

dn the uiltrenicrosemes that the highest aotivity A8 to be foamd

in the poluble protoin. In. obher words the RUA provoin hes leos
pobiviby thon the vesdonlar proteln. In one cage, Table 34,
estoerdnont 1, the BIA protein has o groaboer aeblvliy than the

vesisulow protedn dn the case of the microscmes. The AlfPicwlty of
sontrolling this scpavation s the nogt ikedy weomsem for the apparensy
gonteadiobion in thoge vosulis. There are seveyal faobors beyond

2

conbrol ob Yhe moment dn the seporation presedure, which wust be
vensideted as icly orude. In the oviginal paper LAttleficld of ol
{19958} Adoouss $he opbimum condibions ferpmd Adver microsomes and
demomatpated thal difforent sepowabtions could be schicved with

plight vorietions In conddblons. Mowe wosonbly, Palade end Sicheviba

{1953) in disoussing pancrers microscnes meonbion thot they soem 1o Be

moge ALCTiculy S0 fragblonate with deoxycholabe then ove ot Livep
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Sane of the above oxperiusnbs were careled oul on protelng
wibhout rarvel of atbochsd .  Since the purine muclcus con
undarpo olight degeadablon bo dyeine vader $he condibions fop
probein hydwolysiy, oo thought 46 alviseblo 4o vua sore wxporinonts
dn windoh the REA was romoved with hot @64 The dbjeatlon bo dhis,
a8 o roukine prosodure, Lo the loss of probein from an alveedy swall
samlo, T2 ono oass, (Toble B4, onpordment 5), tho breabed and
wabireated spenimenis come fwom the some saple of posicrens. In the
abber comparison, ASforont pasnorcases weo used Since panercntic
WA puwdnes owe vory poorly lobelled by 31*‘2%:%*§?z~,gﬂwim {see Seotion 3),
we had ompected that any depradotion to glyeline would dlluvke the
appovent upbako dubo proteln giyeing. - Wroorew, sinse the
wibrondoroscnes awo vichor dn RA thon the microsamnl vemicies
‘Palade and Silckevits (1056)), this cource of wealily lobolled glyecine
wight be o Geohnical owplonation of the lower lebelling of glyelns
chbained dn this fraction. (Teble 34)e  However, Teble 52 ohowe thob
gren In TOA brented spouinens the witramicrosenss eve stdll lopg
highly lobelled wiih Y0~ in thelw proboin plycing, Gompardson of
the effesh of TGA treatment on the pwroloin assosiofed with the A
and the poluble probein rovesls sn Interesting Pinding (foble 34,
cxperdment 8)e  Whozons the solible probein loses same 18-267 in

Lbp apeeific acblvliby 26 o vesulkd of this tyeatwment, the frootion

'

comsadning RNA loses 40 = 487 in eoldviiy. This 4o opparvent in



s

botly the miovoscese and ulbromicroscno porbions. This suggenss
Fhat romoval of HIA with BOA alzo veswlis in doss of o protein
aonbadning hlghly wedip-acbive glyeins, The smealler losy iv

)
petlvdby Tvon Bho soluble protein frachbion s congonant with the
prosense of some RIA waveiaing in this fraction.  LAGTLerield b al
{1965} dwow abbenbion %o the ﬁ.mt:mg;lal;eaméa of sgparabion by |
doorycholabe, and this is supported by the dabta of Palode ond
Mcleovits (M08, e :p‘;c-'eammee of a pomowhal labiie protoin
{raction oppooiated with BIL may be Yhe woason vy in Naporinent 1
(Table 34), the mdicroctivity dato fov the micvoscoe frachion
conbrast with thogse in svhoequend esporiments.

The sipnificance of these findings may be congideved dn
rolation Yo the sbtrushbure delioved 'é@ Be present in cach aoll
Traobions The slepvoscme veaiole frestion conbains probelins of the
endoplomnio webiculun together wiih WA-probodn paybicles. The
whireniovosomnes eve omedderad B0 ropresent the BVA conbaining

2,

paviicles Tree fivm Yhe endoplagmin wobiculum.  The vitvomicrosome

froction bas o lowey yadiowoobiviby, ond $his agrees with the finding
(Reble 34) that, frem the microsass vesicle fraction we con dbbadn

in genowal a lowsy radlosactdvily in the ENA-proiein presipliabod

by deonyeholabe.  This RA-rich fvaction shonldd covrespond o the
poegicles foxmdng the ultvemlovonomes,  In theory we mighl thepefors
cxpest Yo dhtaln ddenticod radlo acbivities in the RWl-protein fraghions

dgolabed Drgn Heth the miovosane and wlivoniorosane fractions., in




Tl

Pacty, Toble 34 shows thabt $his Is wob oo K oxperiment 3, the

sotivities In the nicposcmed WA frockbicn ave highee, and in
experinsmt 1 the diffevence s very considerable Vo have a‘i AL

I. )

Geawn obbenblion to the Jack o

[2hY

voproduodbilidy of the sepereblon

pronedure andy wnkil this do doproved 3% Lo oot possible o ooy

whalior suoh dlsoprepenmiien ave woads
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The HSynthosis of Bugymes by the Pouorens
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Plate 9, INEKHIKX3S xill(HUORAH OF PIGEIN PA(KFAh
thickness
Frozen-dried preparation,j[ 3/A, dry-mounted-
wax removed in Xylol - section examined in xylol.
Pilotographed at infinite fringe separation.
M agnification x 2,000.
In (a) dark areas = high mass
(b) light area = high mass (depends on
in fringe in which photograph is taken).
The picture obtained is consistent with a high
degree of density, comparable to tliat of the
spermatozoon head, and is thus suggestive of a
solid protein particle.

position
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The Notuwe of the Scogabony, Grammless

e

T e commonly heligved that the seorelory ensmymes of the
pancrens ave loonjed dn the gramless This bolief had e
Foundation n histologlonl dbseyvation, Twmey o pancreatlo cclld

was soen o conbailn o great mumbeor of granules and these disoppeansd

=y

on the veralpt of o suldable gbdmdug. Since the scopobion !

YRR

¥

tho cell wader theos conditions contained engymes, the asevapblon
wag made thobt the cngymes wore loeateld iAn $he granmales.

Renent sbuddon on the esmpoaition of deelabed pansreatie
gramdes ahow that they do du ool conBnin scopcbory cnzymen.  Thus
fiokdn (1958} hos domonstyabed thet the peawwles have a high
concontratdon of auylone, protonse and Ldpaso, and thab tho
consentradion oF hoth phospholipldd and RNA is enbrencly smalle
The solidds dn She gromuleos ave thexefopa Lilkely to he provoins.

We have Heen oble $o show by micvosoopy thot the pronmules oweg, in
fool, of bigh SGongily consistont with o bigh conbent of provelis
Flato 9 shows the pletures chtained by dntcrfercnve microscopy and
3t will De seon that the demsiby of the gromules s smeh highor Shan
vhag of the suyrounding eyboplosm. Tho gromales mmet thevefore be
280144 mossgen of probeln, preswnably cengymic, and tho guestion of

the fomablon of gromwlos Ao thus gemane %o the peoblen of proboin

pynthesice
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The nent queza‘?s:i.m;;. vihlah avloes 4 vﬁ}@wmw one gramile contnilng
o bhabhery of engymen oy vhsbher seporato gramules conbain dndividuad
cngymess  Hokin (1985) has choerved thos, on solublon of the pesyebory
grawiles Sn waker, 95% of the eomylase ds Wiberated free dubo the
supsriotont £luldy vheveas the Mpase nnd probease vemadn dDouwmd o
the insoluble waberied. T ds tlms possiblo thob thope nre dlfferens
gromnles for ALITerens ongymos.

This quoestion of the rolationship of dodividnal enzyuss bo the
sesrobory granwles should be considered dn veolabicn Yo the presense
of cogymes dn othop parka of dhe oell. Desplie the bigh ecazymio
aonbent of the geammles, the digestive engymes of the panevans ave
nob waolly confined to the coll pavbionlabos. Our data (Dable 3)
vevenl thal the ecll aop conbeing wmoye anylase, both dn dotel onound
and per wmg of N, thon any obher papd of the ogll The diatpibutlor
of obhow ponereotio enzymes has boen dmvestisabed by Siebers (1958)
who ©inda that 657 of the dwypadn da contained in the mweleny Prachbion
The distribhudion of Lipage hes aloo Deon sbudled Sichord (3985) ond
the mitoghondeinl Trachion conbalved the bWghest conconbeebion..
Provicoug bo bhis weport by Sisherd, we had fownd that the lipage
dlobribution was very differenl from that of anylase dn that the
mitochondyrind fraction wos the richenst and thab the o0ll sop conbained
136tes  The diffovence dn dlgbribubion in ensyuss apd in parbloulay
of omylase suggeats thal, oither the finding of the highesd comsenbrabicn

of sxylane in the oall sap vopresente the veal dlsbribubion dn the

il




Alternative Theories of g 8.
Pancreatic Granule Formation

Mitochondprial Maicrosomal
orngin Origin
Endoplasmic Reticulum
Mitochondrionf= 0 (Microsomes)
BRud on L el Q Enzyme less than
Mitochondrion (5 (" / l Polypeptides
Alternative
l Pathways
Sccgagation Enzyme and Polypeptides
of Bud as é O approximatc};?egual.
Prozymogen Znlargement Further protein syn-
Granule + by continued thests not obligatory,
Protetn N\ O but completion of
l Synthesis enzyme from poly-
. O pepiioes.
Golgi Body OoAqqre ation: Enzyme
O > more than Polypeptides

O O O

Mature Granules with very high enzyme content.
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Ldving oell, or the feagility of gramdes vardes according o
thedy cnuyne Conbonis Tiog the ouglascesonitaiving gramilen
mleht he move fpagile bhan thoae bearing lipase &bo. and
gonsegquensly onyilaso may besome Liberated into the oell sep

Suring bonogendsabion. H ddfforense dn the behaviouy of

cozymes afber mpture of the grewmiles nobed by Hokin has alpoady
been menbioned, ond feae thie 4% would appear That ewylase da
foirly enslly Mibozated from gramiles, vhwwsos lipase and pyobensy
axe Noits An albornabive hypothenis is thet caoh gramvle Dears

ell the onzymes but that anylesc is move veadily lost on rupburdes

Hisbologlon) Ohoervebious op Gromle Formoblon.

The owlghns of the pronvles has heen of congiderdble intercsd
bo mony workews, malnly histologlebs end oybochendets, ond the
theories vhich boave been put fopvwarnd tend Ho depend on dmbeppwebobion
of structure wether than on dhaolubeo prood, The owerentd theory

n

doolly in Plge 8) on the fommblon of the sevrebomy

8
o3

{showa Adngromnn
gramles s thed pregymogen gresmiles are produced fron She mitochondria
and that these bodles graduolly enlavge and migrade 4o the Golgl region
of the aold vhere thay besume evrenged along the Long exis of the

Godgl comnd  (Plate 1 page 26)s The (Golgl opporabus nppavenbly
makes o conblbubion $o tho progymogen gromale vwhich allows 8% So
mabture o o scereborny Srennice Dwing this maburabion, the

progymogen granule Decomes vacuolabed and culovgeds The mabuye
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poorasory groniles apgrosgpbe to fomn lavper scovebony bodics dn
wihdah form the engymes ave dlsvhergods

The evidence dn support of this thoory has cune Trom o vordeby
of sourcess  The mitoshondedal oxigin of the prosymogsn sreoulds
W SREresied Es’ix’a‘é; by Hirsch and Dubhie (1953) viwm wsoted that these
bodics would colouy with Joxms Greon, o typlesl pibochondyisl rencticie
Chaldee (1952, with the ald of the olesbron microscape, hos

demongtwabed the pressass, otboched o the mitochondnia, of smadld

shivoburos which he elalms ave prozyeopgen gronilese The novemeny

i)

and deyelopment of the granules has depended on viswal ghoevvabions
and therelore dzmolvesn avblestive lubowpratotion  The csposlation

of gravules with tho Um{g: body bag aleo been noted by Ghe cleshyon
miorosoope (830strand avd Hanson, 1054) The contzibution of the
Golgl bady to the meturation procsss do nob known bub 45 bos been
suggenbed that smeldld particles epprowimately 400 A 4n alaweher ave
added Go the prozynogen gromwies (Delton aud Pelix, 1954). Toay (L966)
has noted thab, befors the promymoges gramdes peosive Shete
gonbribubion fvon bhe Golgl body, thay will shoedn with neubrel zole
tuco they have been in assedloblon with the Golgl bady, huwerer, the
aswhral ved sbaindog properdy is no longey so evidonte The exood
mactions Involved hero ave nob kwown though navdral red ds considerad
%0 bo o seleobive fob shodn,

In view of the Imporbanse placed on the Golgl apperatus 2o the

provess oF gromilo maturabion, modein opinion cboub this cell purticuviate
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may be presenseds The Golgl apposatus has long heen a 'éas'si@ oY
conbenbion mmong the hiskologlots (sec Gymposivm on $he Golgl Body -
Merossopleal Jovrped 1984). I ﬁmﬂ‘d seem $o e the consonsus of
opdndon thot the Gelgl eppavatus docs exlgh dn the living ocll bub
4he fonebion within the oell ds coampletoly wiltnomne ‘Blegém'ﬂ
mlevegraph studieos hove demonebeoted dto proseunce (Sidstrand and
Hawvagn, 1%%)@ Sohmelder end Kuff (1992) heve propoved Golgl
gubokanse from the opididynides of wats by coll fractlionation
seahndques weing density gradientos Mondysis of this Golpd
fraobion demonebroved that ANA, phospholipid ard saileline phosphatase
TITD PLOBEBe Thos she Golgd subsbonoe represcabed o pavbiculow
@éll consydtucnt was shown by the Pindiog thet no cseoshic oodd,
TBIA, ayé@ﬁhmm@ oxidnae o d@ﬁxyi?ﬁ:@mm@f&@am WaRo prenenve  Thoeso
motepiala might have bacwn cmpeghed to be pregent 1f thig Golgh
subsbonce wewre Just o vondom noleebion of the homogenised porbicles.
The aignitivance of the cebual cheanlonl sonsbituvents dun the Golgl
apparatue is nob Imown, but the presence of alkaline phusphobtase is
worthy oFf note since this engyme hos been denonsbyetied Yo coowr in othep
domues where Intonse probeln aynthesils ds toking ploce. (Davidson, 1940 ).
Thws the conbribution of the Golgl apparaldus $o the granwles duning
thelr foxmabtion is pob wederebood, bud dn vier of the alleged prosense
of alkaline phogphobagse and of RWA, 1% s possible thab 3t eonld
contribube 4o soune pavt of the procens of ongyme syntheslios

R,

e may comslunde that the evidense provided by the hishologlond
£



anfl oybochemical approech Sends Yo give o Pighly apearlabive
piobure s bo the opipgin ond signdficonce of the processes dnvolved

in gremile formabion end one nob easily susesphible of proof.

The owse Por Gramile Formebion by Morosoness

Since the fomation of tho giamules fnvolvos agcuwmeloabicn of
protolns, tholy origin beounss of iunbevest in comneoilon wilh
protein synthosls. The wodern theory of provein synthesis fevouwrs
the view that the froe eminc acids oye achivabeld 4n the aoll sop and
that they ove arronged in ponbioular poguenscs by thn FUA molesules
aubing as o Gaaplate.  Thers i, ao we have stebed da the indooduction,
0o gompelling proof of thie tanplave hypothesis.  Since $he wlowvosanon
conbodn the greotont quandliy of KA, thepe shiucturss hove been
accovded prent sipnificonoe dn tho mechandsm of probeln synthesise
Ty would thewcefora be n kesping with the evidence dbbained in cthow
wiasues, i€ poancrestic engyme fovmaliion cowld be Linted with microscmnl
aotiviiye Wo shnll thorefowe coasider how fap this 1ink oan he

forped on the bosls of the avadlable ovidonses

n

Chaneos ds WMorosoms Cosmositlon durdne the Seswoliomy Ovale:

o oaop stuiles on the disteibubicn of albrogzen Ln the dIPfeproat

celd frections of the pancreas in varicus sbepes of the seursbom
ayelas we oblained evidence thot the miorosone frackion s Jnporbonk

in the formmbion of enzymese Tlng, duving deplebitn the micvosone
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P

Praghion suffored a loss of 30 dn probein conbends vhovsan the other

eell Prastions wowe wivtusally waillesveds  Duving daplebics the

)

Ilose in aoplase fvan bhids Srooction was ab the some Pote as the

b (Table 6)a Thie papellaiian of protedn and

T By

engyme discharge night dead bo the supposibion thob the producbs

]

seupebed fron the Riorooones ove pupd cuynes, walch ave, of courne,
protein In pabuyde Hovncwors vhe otylase por mge OF nitrogen in
the miovosames s very low, and; sinco the motopdal ozt has the
pome onylose conbeub per mg nitvogen ag the vwhole wicrosome 46
mash also be of kow avtivitye Gn the Obhey hand, the wmobturs
grasdes hove o high owyloge aotivity per wg of olbrogems  This
woudd suecest thal the miomcsome froction S logiag pavbicies of
Tized coppositlon dn vogpd do emyloge and pyotedn, the nonesnsymic
proseins orefloningbing ob this pbagce Them, of sowne later stage

” «

n the fowmablion of lavpe pranwlen, engyae envdckment must dalie plooe.

(b) Eeoseyves ond Votues of Bownd fmylase dvn Hiorosimess

s S L L

Vie have demonslrateld thot, nasaciobed with the milovosare fracblon,
there Ao swgless which da oot onpeble of 'ﬁmﬁmgg essayed withond Turther
Lrontments This smydose gppeaved do be leocebted dn o sbrucbove whilch
requived vigovous Alsintegcation o effest yuptuve and so vendep the
amylose Treo for csbimablons Moveorer, 19 these abruchures were
allowed to pge In water then the awmylase Heomme avelleble for
eabimation bul 444 nob Alffugse frecly dnto the supernnbent £lvid,

appovently ranaining obbached Yo the parbiclos.  From thosge datie
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we agssume  thal the perblcle hocomes move pemneable to the wibabrate

&

13 obbached o tho parblole.

3

but that the cumyme Lo obl

T has olzeady been dimonstyabed (Dable 20) that the Linding of
prylose iy ossoviabed cseentinlly wish the micwosome fraction ond
that the witromiorosone Droctlon contelines vevy wwoh less of this
Lopn of cnylescs Binoe &b ds comsldered that the vwiltzamberosons
fraction ds compised of Rild-wich porbticles dobacked fran the
cadoplasnle vebicwlum, this Tlidlng would dmply that the bownd
onglage 18 not assosiated With the RA-rich poxé of the endoplocmic
rebionlua bub pobber with lovger strustbures of The vobloulums

This disscelabion of the Rild-gich pavticles fran the mlovosomad,
pruperty of binding amylose i supporbed by the dnbn preseubed Jn
S@%ﬁ.@z@ Ga Fo this secbion, we deduced thalt the progess of wmnalking
omylage by agedag in waler did nob pavollel dhe loss of BN feom thone
pavticlen.

Hlegiron niovogroph sbudies hove alse damonstvated that the
properby of Dinding of omylose ds assooloted with fadyly lavge

”

narsioles. When feveshly daclabed (Flate 6) the visible narklolen
. X

send $o be lavge (over S0 m 4 Jo sugnesting thal the endoplesmic
wouloulum hag been dlsinbegrabed wobhew thnn that the WlA-zich popiicies
abbached to this re@*iz:ima‘:mzzy {10 - 18 A dn dlemeter) have boem sheered
¢ffy  On apeing the wmiovopoms fwaotion, disorste swollen sbivctnres
wers prodused {Flate 8) and dn these the amylase 4 froo fow

eobimation but wemalns abtoched to the porticle. Thexo would thus




(o)

appsan to Do stroctural chonges dn the wmicvosome Leoation during

agelog whdoh avcompeny the vmnashing of bthe engyuie sebivily.

Yoy . o
~wodyeine Tobake by the MEorogcies.

Tn Sechion 2, we dononstresed thel the pancrentic microsons

froction deolebed ab 18;000 g exbibited the highest bwglyoine

Yy

wpbeke dnbo probein at gherk bime Inderyals oflicy dnjeobion, the
wlbvemicrosones hedng approcicbly less sobive (Plge 9)e thig
pesords with the view propounded on the basls of sbudies with othoy
tloguon, nancly thab the miorosomes vepresent the site of Lodéial
amlno oeid fnoarporabdon.
in o lober seobian of this theale, we albempled o subdivide
the milorosomel pellel Into R¥i-vich opd BNAspoow protein fsactions.
This led o the wesult Fheb legs radlo-actlvily was generally found
in the RWA-vich fwacbion (Table 54). This wosult is dn Lesping
with the obseryabich that less Mfﬁmggﬁgwim s Balen wo by dhe
wkbrontorosmmes whieh, occording bo Peleds apd Slokevitz (1966)
ave made up of WMiterich pavticles debached fromn the endoplasmio
i doanivme.

- BB werdd Fhws appeor thel the Indbial upbeke of vadloesctivity,
ke bound anylasey s nob very clogely commeched with the prescnce
of RUA in the poncpestis mivvosomsg.  This conboasts width tho

o LY

Tindlogs of oblier walers welig diffevend bissuse, genorally Iivop

G

o

>y

£

Halbim, 1985, Tdktlefdield ¢b al, 1985, Silokin and Woxk, 1987)e

Howersr, the fopmatlon of seowvebory grenules by he panerons,

aa
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vloges this orgaa dn apotheoe olass from bheso tlssues and way
explain vhy our Gaba $iffer from thope of obheps wovicing on

Uy Ovpniss o viow of this divergenoe Debween the panoreatlo
doge ond Thet of obther tissues we el thel e cose world be
groally obrengthensd by alternative spproaches 5o the sogregabion
of the Bderich fraction of the mievoseuss, such as thoe provedvie
dosordbed by Dollan (19685} end pesently used wilh suovess by

Shwicin and Work (L96%).

The case Lor the site of ongywe synthesls in the pencrenbls

wlovoscnes sy he brdefly swwmardsed in table foxm

2k
a2
3

Proligln Contieny 1 Bovml 34
- Frachion CRRng TOeGlyelne

- Deplebion fReplobion Mylandge jpbalte.
ke AT it ovlgiaiarah Bt gl 5 A e & .
Mibodhondyds | Ho  dhavge Hone
1 .
M eposomes i Lewge chaoge : B b A
Ylbramniorosomnss: ? ; R @ }
. |
e b . S , § L

From the doba prosented wo congidey that there is & very abrong

zage foy the dadbial stapes of growwle fomsation oopuriing in thoe

oA
miovoscae Tooaabtion of the oslle We would sugeest thab the

. o

Formabion of the gramiles occurs fuddlally in o wierosome fractlon




Alternative Theories of m, g,
Pancreatic Granule Formation

Mitochondrial Microsomal
ongin Origin
Endoplasmic Reticulun
Mitochondrion : H (Microsomes)
Budon BH 00 @ e------ QO Enzyme less than
Mitochondrion [ " /l Polypeptides
2 Alternative
1 Pathways
egation Enzyme and Polypeptides
ud as @ O approximately egml
P rozymeogen Enlargement Further protein syn
Granule + by continued thests ot obligatory
Protein ‘ﬁ O but completron of
l Synthests enzyme /"r'am Jooly -
O peptioes.
Golgi Body 4B OO Aqgret?‘atxon Enzyme
O more than Polypeptides
O O O

Mature Granules with very high enzyme content.
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ag shown dn Pig. B % 4p suggested that the mlevosones Libopate
Cmmadl resistont pavidoles which apparently conbadn owylose and
noneonsyde matewial, porhaps polypeptide dn mature. Oy protoin
ddstribution fleguves sugeest that Shene partlcles embadn o lavge

proporblon of nonw=cnaymic protolng. The engymlc contient of Gheso

partdcles mod ingrease begaune of the dllerenco which onigbs

asx

*

betwoen the cnzymo combent of the miercacme fraction and the
graznilar Crootlons Two alboruabive pothwys ove suggested in

the dlagram dn Filg. 8, one belng o prososs of sgeregndion of small
pariicles without nescasayily iwwvolving mmeh now probtedn Cormabion,
the other beoing enlavgement of inddviduald particles by contimed
cnzyme gynbheols. Theve is somo ovidense for the maturabion, .o
dovclopnent of enzymes in these particles, belng an active metobolle
procaspe  Locy (1988) hos shown thed dmmoture gromulen, visible
wnder the light micvospope, will gegropate noutyal red whileh
prevenvs the furbhor develapnent of these gramulone Hemee under
these sonddtions noubyeld vod grammles acomaulote dn the celld. This
suggests thot newlizal xed inberferes with some moturabion process,
popalbly ensymlc in natures  This, howewew, does nob inevwibobly
ingly do nove probein synthesle.  Thus Stwaub (1957b) has claimed
thet “mitochondrial? frocilon of the penovens will produce amylose
ghven only two maino scdds, swgloine ond Yhreoning. vy oxperinonts
with this typo of aystem suggest coution dn accopbing such vesulis.

Sheaulh postulabon that proguresors Lormed in the microsoren a®e PLEDCHS
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in his miteshondyiol fraction and thet the v amino oolds ape
rogquired for the cuplotlon of the oylase molecules.  Straub’s
method of fractionnbion brings down o broad spegtrum oF porblclos,
whioch wo wouldd prefew o ¢oll miltochondyls + amall gremwles + lowvge
mierosoml cleanenis. Hio olaim of omylose synbhesds, cven 48
occopbed, 4 thue nob Jodicabive of amylaso produstion in the
midbochondrio or even fn the gramles of witochondnial size. In
obhor words, the produotlon of omylese molesvles in microscmald
olamonts do nob incompetiblo with his datas The possibiliby thad
the gromides oontlme %o gynthosdso ensyues de nove from the fyoe
omdng eolds present dn the oell sop doos not peem likely on othey
groundsn, nomely the higher vediceactlvity found dn the microsomes
ag cumpared $o the promiloss L2 do nove  synthopis wope conblming,
The mw@«-m‘uimw In the gremlay fooblon and mitochondyial Sraotlon
would be comparable do thal found dn the wmlorvopoms fooeblon. Fron
our i dokn, 3% 4o seon (Figed) thot the micvosome fyaction is
obous six vines as active ap the gromule Practdon ot oawly stogen of
the onperinend.

The moturation of the groamwlen does not seem to involve the
porsigipation of RWA, since no loss in RVA ov evidenco of mebabolls
raplocencnt do dbbainble during the secevetony oycle (Scobion 8).
Time the process of moturabtlon s not simdlar 4o the maburabion of
the vebiculooyie; where RVA ds apporvently dovolved in the synthesis

of bacrogldbdn from frco aminoe ecids oven afbor the weblovlooyhe bhas
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LRt the bono mowvrow (Hollowy ood Ripley, 1082).  Thoe R in the
cose of the gramilen moy bhove alveady ployed dbs pavd in soguembicilsing
the andoo acida dn the polypeptlde dntermedintes and the Pinnld shopen

oy wodd Do dndependeny of o bemplabe,

The epsentiol dlffeovenso bebwoon the bisbologionl findings
and the biovhomiond, doba therefore Lies in the ovimin of the
PLOZYROLER EZrarnlc. Motologlabs, as indloated corlier (Pige8),
Lavenr o mibochondwdnl opigin, whoereag, wo bave presenied evidenno
Paveuring o alorosomal origin Tran the bledhemicol vicupoins
the role of the Golgd body io complebely unltnown ap in the
wasbicipation of the mibtochondria in tho moturabtlon prosess.  Fovbhop
worls ds roquived o consolidnbe the daba we hove presented dn this

distpilbutionof  amino acids
thepds, portioulacly in yveguwd Bo the pradiomactivo(ddobudbubion dn

during of the incorporafion vrocess
the wlerosans fwaction a%, oorly stagegl We ave hopings dn foture
uphakeot aminaaciciz into

expoyimenis, o dnvestlgnde *&31@A:amﬁﬁﬂ*MH&ﬁ@,{tﬁﬁma’@m&a e fraation

pavbiounlevly asscoiated with hound anytosc.
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SO,

A study has been made of the hHloshemical changes assoelated
with thoe Pformation of scovetory grenules in plgeon pancrons. This
subject was treabed as one agpeat of the bHiogynthesds of probeing.

Seotion.le - The commpesition of the pencreos ab regy end dugding

2epretion.
(1) The effcob of diffevent homogenising medle on the distribubion of
aoll congtibuenta in the cell fraction dbiained by differentiol
contrlfugatlon wvas davostigated. The two media which were usel wewo
Os 20 ¥ oucxose and O, 26 M sucvose buffored ab pH 78 with 0.8 11

2}
phosphate bufform  The use of the labtler mediuvm, which had/higher
molapity, led 4o leps efficicnt sedimentabtlon of particles, with the
et that the edll sep fraction lgoloted in this medivm vas enviched
both with Sotal niirogen and with anylaose derived fyom abhor Dracbions.
{(2) The dlstribubion of emylase and mibrogen wos delermined in five
sub=cellulay fractiong uaing O« 85 M sucrose as homogenising mediumn.
The owdey of osourwvence of amylane wos os follewy ¢ -
Cell sap 7 Merosomes > Mitochondyis > Gramules > Uliramlorosomes.
The distribution of nitrogen was found $o be thug ; «
Cell wop -~y Ilowosomes > Ultvemiovosomes > Ilbochondrla o Graculos.
When the mmmhmi::mn of amylase per mg W was caloulated 1 wes found
thet the anylase was move concentzated in the edll sap than in the
grooules.  Those resulis indicabed thab the amylape of the cell gap
covld be dewived from the rupburing of grevules dupring the homogenising

progessg, This inberprebabtlon would be valld only 4F the zuptured




pranales hod o higher omylase content thon bthe granvles vlch were
recovered dntact in the fogm of the granmilar fyaction.
(8) The ozeminaticn of the pancreas during the scorebory eycle showed.
that neivher the weight now the tosal ndtrogen content uwndeywent any
sigaificont change. The awmylase content underwent a veduction of
ebout 0% during depletion. Two hours latewn, however, bhe auylase
comvent had wisen o o leyel gbove that Lfound in the yesting pancreng.
the ecllivlar sub-fraction which wderwent the greatest chenge in
omyloge convent during deplobion was the cell sap (- 54%); the
mierosonos ond mitochondria changed by = 307% undoy the gome econdibions.
During the wesovedy phage of the seoreboxy ayele, the wost mavked gain
in anyloge content was o be found in tho cell sap.

Compayed with the obher cell fractiong, the microsomes lost the
loargost pevecanbage of thelr inibial protein comboent duxdng depleblon.
Cn vhe other hand, the congentrabion of amylase per mg N in the
microzome Crachblon was found to be constant duvlng the scovebory cycle.
This suggested that the microseme feaction was losing parbicles of

.3

o fized amylasa-to=protedn pabtic.

Seoblon 2. The upbake of Mfﬁim?.wgly@ine by the proteing of difforent

celLl. fraotieng of the pancrens,

(1) Veasuvement was mede of the uptake of M‘Gwzmglyaﬁ.m into the probeins
of panercatic cell sub-froctlonse In tho firsh dnsbance, sucrose=F0, was
the homogenising medium. The vesulis obieined led to the conolusion that
the coliulay sub-fractions obbained with this medivm wero not homogoncolss
(2) 0n vepebision of the My yptake oxponinents using 0s 25 1 sucrose as

nomogenising medium we found that, ag short time dntervals, the
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wmiovoncne fraction hod dhe grontonh uptekaos A% olld bime dudorvals
h@ upbalke Aubo the witzonicyoscnes was loss thon thad indo the

DACYOSEIES. .
PanCEasZy o

{(8) The pabbem of fnsorporabicn of Mg “CwBegllyains .g.mg{é:aim%a
dndected with corbamyloholine was vory evpatio and an definidse
conglusion coudd be aveived ab as to auy choange dn dnsccporation
as o resuld of deplebions

l‘

Soublen J.  The metebolien of RUA duwdne the seorabery oyele fn

the vanseons

1) The gnontibolive change din RUA Suwlbg the seowsbary cyol

1

was duvoestignbods T owas Toudd that dhere wis no apprecioble

changs fn BUA coutend per gms of panovoas as osouxnpersd $o conbnolse,

{2} TUsing p g o premysoy, no definitely dngvassed dusowporabion

into muoiootides of RUA of the pooereng was ¢hiained daring the
seopagbony ayole. Yhe lohelling of mcuii,a@l;:.m g weguived the usoe

aff vewy ldwee dosos of deokope (60D M 52p por blrd)e

{5} Using 1"‘1’(?.3;*%3&-@&3‘@:2;{1@ as o precsursor of the purines of pancreatie

RBHA no slgndlicont dnorenae dn duneorporation could he deleoted afer

pbimdation with coxbonyicholiae. This confizmed the quanbibative

and The %.:?' Aaba.

sevbion 4w En vibie syathesis of anyloso,

(L} Poncresbic sllccs were used do dumonebiabe i 0 Tabpe  syathosis
of amylose.  The vee of conplebs or dncomplobe aming acid mixbures

did nob appear to inflneuce the prodnctilon of anylasc,
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{9) The uptale of labelled ewine sclds dld, however, oppsow o

he gensliive b0 ondno oold supplemenbabion,  Onlssion of tuypbophon
fAeovensod the insorporabion 0f “leBeglycine op O9Semathioning.
This would dntleate that the gynthsels of anylese ond owmino acld
doporpovabion 8o not g0 hend dn hand.

{(5) The use of cell~froe psusrose himogenabos OF PLEGon PoNCREAS
rasnlbed du on apparent Incwease I smylase coobont on Jnoubation,

bub 1o corvesponddng Labelled anino asld fncorporadion.

{4}  Sveatmoend of the homogennto with various ascubs which wewld
brank vy sy porticulote wmobewial resulied in the epparont syothesis
dhenppoaring. The use of Dubopel wa Toand 4o Do vusatisfactory

oy o meens of relessing conbingd enylosc, since It oppowently
inostiveben the cnzymes y

{58) Vericus enorgyeproducing mbslrebes were added do the homogendsed
mlabuwe bub led o no duovossed gymthesis of enylase o anlno agid
Fncorporation. Geihosphogliyeends  ooldd was aosb apperontly

shimvlont to aming ecld lucorpovabion by She probeing of pipean
bissuen ag A% ws bo b blosuen.

(8) hosbone-exbrached panareas (Shrarh) was vaed o an abtompk %o

get agllefooe preduchion of aumylase, hub without sueH088.

seobien 8  The lovagion of hound smyiase dn the penerecbio 9olle
(1) The bound oylose detested dn homogenates we found 4o De
contined 4o the miorostme Loobiog

(2}  Treezing ond thowing end frooze duying wewe Ffound to he
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effevtive dn Libowating the awylase vhen the miovosomos wore
auagpended dn o soline medivm b wore of no value Im a pucrose
ooniailning meddini.

{3) More vigorous twontment was sequived Por the disvuption of
micgrapome pawbicles suspended dn muerose and the nost effeotive
was Pound %o bo henogendsabion with Badlobind boodse

Seablon G  The wvole of the mlovosomes in engyine Sormoblon

The nasuwe of bound omyloscs

(1) mestron mloroguspe studles wepe made of the plgeon pensreas
H0 esbablish che *e?waeza*:ﬁ.&%zf@;:aﬁmmm of the oell and bo debost
chonges dn the mioroscompal fraction undey vazious conddtionse Ih
was contizmed thad $he micvosome fraction conglete ofF a vesiculoy
and o papbloalobe pardt, the labber beolng the pard wioh fn Rl

(2) The posaibility that bound awylase won trapped meohandesily
wan considered So be eliminated by the vepulis obfained on vigorous
waohing and by egeing in wben.  Woshing wesundied in the rongveld
of chous 897 of the ndbrogen and the VA combonb. In sommo onsen
dhout G0F of the smylose was wemoved, Eleobrom micrographs
Inddeated that this wme Guo 4o the yemovael of mitochondriel and
geamilar elonenba. The bowd amylose conbent of the panticlos
was, howerew, washanged. Apelng dn wbor for seventy Swo honve
s found o free all the onylose for oatimabion bub 4id nob 1iborato
it dnbo the supeormatont flwid.

(8) The comyme changes profmccd by agelng in wabew wore corvelebed
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with thoe chonges dn shruchture of the particlesn by clectyon

w30ro gphsaa The pavsicles appesyed to wndergo swolling and
saoualablon,

(4) Taring the prosesn of agedng in wabeny wirile all the amglase
wan made avalleble for egbimabion chout one thixd of the RNA had
A sappeareds Thas bhe binding of anylose 444 not appoor bo be
disectly assoplated with on RiA=-tanplatesanylase ogsoniobion.

Siefmedvodne wobalko Aubo miovdsonsl sub-feooblicns.

2 e Y v

(1) sube-femotions of the mlevoscmas wore exomined with a view

bo determiniag wich foction wos woaponsible for the high upboke

of Lobelied omino acidoe

(2) Tn confizmablon of data in an envlier scobdonm, he yilbvomlcroscmen
wape foumd bo have o lowey uptalke then the heowlew nlarosanst.

{8) Twoabmanh wibtn deoxycholate bo popnvade the vesiowlor ond MVA=wich
powbiculate proboins romalied dv the highest uptake belng found 3n mosd
cages in the vesloulay wmb-Ffeecblon. I eppeoved that the pancrens

oy diffep Coom Yhe 1dvey dn this rompesbs

CEMNRAL DISCUSSTON,

The date dbtained awe used dn on albempl Yo foumilabe o thoowy

3

n

Por the produchlon of gymogen geommles by the pomeress, in which the

nleroscmes are ansosiated with the inltinl step dn the fommabion of

ORZYMODs
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Appondds  of  Beporimensal Hobhodse

Bubimation of Anylamo, Aylasge wos asseyed by the nethod of

sndth and Roe (1949) with the wmodifivetions veovmmended by Hokin (1051).
This method iz basold on the siarch-lollneg colour weachilons The blue
aolowy formed by the rescbion of slavch with Jodive s measupad

photonotrically before and ofbor inobobion of soluble stoswh with
moberded conbalning the engyme. The decxease In blue colour chialnad
afber the incvbation dv a measure of the suylose Qoucenbration.
Reapentze. (1) Subsbrobe, 5 gase of soluble shoveh wepe dissolved
dn 100 misn boiling distilled wabtows Po this wia added 60 wls Fhogphate
tulffor i 7.8 and 20 mla of (s 5 M Hodivm hlowide. The mixbure wos
allowed to eond and © wls of the Duliercd storch colubion wos

pipethed dnto ench assgy Wibe.

(2) Zodine Roopoubse 80 gmo. Potossium Toddde ond 8 gose Todins wowe

dispolved 1n 1000 wis distilled wben.

Angows 1wl of the cnuyme solution was addeld Yo 9 wis bulfered
sbaveh solubion and inobabed ot &7° for 80 wimbes eEnotly wen 2 ols
I were added do stop the engymne veaction. 2 mls of this solubion
wore ndded o o 00 mi Volumedwle Flagk containing 400 wis wabtopr, § mls
WHGL ond 4 xis Zodlno Reagent. The flogk was made up So volume and
wolid shalione  Somples wope Sokon and placed in o waberw-bath of 25°
ond the aolony dengity measured iu the Unleam &P 600 ot o wavwe longth

of 620 my - CGonbrol soples wore prapared in the some way ozocph
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Ghet watey was used in plece of the enzmyme sclublon.
The use of the wborsbath 40 mainbaln consbont Yemperature o
estimated
the final solublon to be “:»:%3@,@. wag fownd G0 b nocassayy for avcurabo
worde nince vhe tampewvaturs vavidotion in the stavch~lodine colouy
reacklon ie very gread indeed (Mg 9).

)

The Smith and Roe wndlt of anglose sotivily da dofined ss the

amonnt of engyme vhdoh, under the condifilong of Yhis procedurs, will
hydwodgzae 30 nge. of starveh dn 30 minvtes to o sbage vheowro no colouy

g glvsn with dcdine ot 620 M o

Ballotind Beod Tvroobmont, 2 mle of the solubion to bo nromined smd

4 ml, by volume, of dry Ballovdnd beads ave placen in the smallesh
homogendaew af the Neleo secies which uses a § =l Univerand containen

ag the vessole The hemogendner is then run ol full gpeed for five
sirabes, atber which the 1igid ia weshed oud of the vessel @uantitatively
ond made up %o & kwmown volune wibth wabers Po cheok wecoreries, o

2.

Total nitwopgen eubiastion 48 done hefopre and afber freabtmenbe

Bubanol Tresbmoni. 5 wils of the nolublin %0 be trented togebhow

whih 2 wis nebubonol ave ploned In o howogendsér tube and homogenised
at O° for two mizubon with a glass pestlcs The emalolon may be
broken by conbrifugetion in the ¢old, Thmywe assays ave then eavricd

ot on Tthe agaoous phanc
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Bobimobion of Ldnoses  Lipaoe wos assoyed by the methed of

Seldgnen ond Nochlas (195D) in which /2 -naphilyl loveete ds
hydrolyacd by the ensyme. The /1 enophbhol, profuced by tho
enzymic hydrolysis, 4s converted %o a purple aso dye by the coupling
of two moleoules with telrazculzed diowthosnlsidineg. This pignens
s then exbracbed with othyl acebabo and the gptical density meosured
eolopimetoiondly.

The mibsbrate ds prepaved by o08ding B mis of shosk solublon
(200 mgs  / 100 wls noetone) of A -nophbthyl lourabe dn sccbone
Through o submerged pipebte duto an agliated agroons nixture of
10 e Feronol buffer (Ced M pH 7od) and 56 mls. woleme B wl

porbions of this suspension are pipctied lunto stoppsyed tubes follawed

L5

L

by L ml of the engyme solubicm. Toovbation ol B7° for five hones
proceeds afber vihich 1 ml of conled bebrasctized dlovthoanisidins
{20 wmgm, /10 wls wmter) s added Pfollowsd An Hwo mizmbes by 1 ml

of 407 TCha The purple plegnentd ds then exbzoobed with 10 mls
iyl aochate.  The tubes ovo conbrifuged for five mlmubes ol

vhe opbical density of The cbhyl scetabe s cstimebed ab 540 m in

the &8P 660

Properation of Proboln for Gounbins The probein s presipitnted

with dca-cold 807 POA to o final copoenbindlon of 107 and woehed

twlce with doc-cold 1074 T0A.  Lipld solvends ove used in $ho

Pollowing order » = obsolube ebhonol, othonolschioroform (8:1),



[EnNTay

* fr
3

chhonclsatber (3:1) and ©ineally cbhews  The liplidefrce mobordald
8,

de 2llowed Go duy da the alw, Sroumnd Tinely dn en opote morbor and

oowsiied oy fofinite thidkness Iv o polythene plonchob,

Mbtropen Dobterminabiong. Wlivopon was eptlmaboed by o moddfioatlon

of the nlero-Kicldahl mothed doseribed by M and Zuazage (1942).
Digeation was carpied cud with 1. 8§ wle nlivogon=-free sulphupic
0edd dn the presonse of wetollic mevouwry g cabtalysts  The

A,

A peabion mivture was troneferred o the Meylhom epporatus
(Unichom, 1942) oud 1 wl of o satuwabed solubion of sodium
thicsulphate wag added o detamposs thoe morsury-ommondvws oauplen
Formad duaring the c’iﬁ.g,@mﬁ:mm The onmondn, ldberated in the
J4ptillabion with 10 wls 407 NoCBl, was bvopped fn 6 wis of 2% bovie

asdd conbadndng the mired ivndicotor and subsoguonbly idrated with

Q0L N sulpbuwio aclds

Deblmaticon of RHUA by the Ovelnol Mothods — The probein proviplbated

by TOA wan 13pld onbractcd aa desexdbed dboves The diy wesidus
was digested with ¥ Mot (1 wl) for clghbeen howes ob 37° ond the
digend wade wp Y0 o sultcblo volume with wvobters  Aldguobs were
token for wibose osbimabion by the oveluold mebhod  (Xorr and
Soraddonion, 3945). Oroingl weagent do propaped frosh daddy by
digaclving ovolnel dn o solutdon of 00087 (w/v) Pollg GH0 in

consentrabed B0 (Cng. oxolnol per wl. of Pelly solublicn)e B lmown
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volung of dgest was alded o o clean tube and the vobare adjusbed

o & mls with wabens & mige of the grgiool reagend weps added

andd the tbes heated in a hoiling-wabep-bath Lor thirty mimten exachlye
The Subes were wanoved from the bath ecnd placed dn cold wabey and

he opticel densities measured iu the 8B GO0 ok 685 m 1 »  Hepgeny
Blanks ond stondard ribore solublong wove esblunbed with each gorises

oF tubeds

Devominabion of Rodio-aobivily of Fhosphavug Compoupds. A% sulboble
dnberrels afbery the dunjeotio of 9p gne pensreancs were omaved and
were bowpgendsed dn o Nelee blendew {(Jco-Jackebed) with 20 wie
fee-cold 0% T00,  The homogensbe was cenbrifused ab 09 and 4he
supernotond Sladd filbared and seb nelde Quw the dobemndoablon of the
speifie ashivity of the dnwepnnde phosphagas of thie Hlssuss

The proboein precipitate was then adbjected $o o moddfied
Selmd s and Thambauscr {(1048) prascdare as deserdbed by Dovidoon
and fmellie (19%5). The technigie was as follows: »  Washing dwico

with dee-oold 107 704 and then 14pid extracted as desoribed dhove.

(2.) Spoglfie Activivy of Inovpandc Fhosphorne of Missies The spesific

oetivity of the lwowpande ¥ in the T0A-pcluble fraction was estimnbed
by the mebhod of Davidson, Peagor and Hubchisen (195L)s  Modldson's
reagent (1909) wos added (L ml to 10 mls. emtzach) %o he aoid

selubion and the mixburs made alkeline to phenoipbibaleoin with ML,0H.
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This was ollowed o stoud overnighd ot 0° and the preoipliste of

Mige ('m%) POy, sepovated by cenbrdfugation and SItbratdong wshed
vwlee with 10% WG omd then dissclved dn i MOk Ao aliquob of
shis wee token for the esblmebion Of P by the method of Allen (1940)

and the miio=aublivity measured in o Liguid counber.

«;

(2) Spealfic fAcbividy of RN,  The mothed desoribed by Povidoon

end fmollie (1958) wop used fop the lsclotion of the mckootides
of Ry By this mebbed the fouw mncleobides can bo dbbained dn

valatdvely pure eoadibion,

o

The prosedure is os follows : « The doy lipidecstracted
vosidue wes incubabed with I KON for cighbeen houws ab 37%  The
Algoss was Shen cooled to OV and the il odjusted o I by the
edddtion of dseercald G0% Pevehilovic sold. The procipifabe of A
ond {010, wos centrdfuged down ay 0% and the éwggwm*&zmﬁ souhodning
the mucleotldes of BNA was wemoved. The oif of the supernabtond
wae Shen adjusted o 3 by the oddlibicn of KOH., A sudtcble aliguob
of this froction (100 4o 190 Mg B)  was opplied to o sphb € om
Poom one ond of o sbrdp of Whatwman § W PLitop papow 7 omse brood and
¥2 omze long and poper fonophovesis caywviced out Iin buffer solntlion
(0,02 M cibvie aeid-trisodiva oityabe, pi 5,8) Tor eighbcsn hours
o o pobential gradicnt of epprozimobely 11 Vem. leongths  The
separated puolectides werg then olutod from paper with weber and

P esbinobions and padio-acblvity determinadions cavyied oub.
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Rebomdnation of Raddo-pntivity of Corban Compounds. Glycine wap

Isolaked fvom the probalng of subecellulor Drobions and foom
the free sming acld pool of the pancrens by the moethad descplbed
by Gompbellland Worle (1952},  In this melhod the materiol ds voncbed
with o excess of I-fluoro-fsdwdinitrdbanntne  {FIR), Olssolved dn o
minid e:a'm:wm@ solvent and the weooklon mixbuce feactionated on a
buffered colito colums The daoloted MiPeplyoine dis ocubsequontly
parified on ocldle columns developsd with cbhers  The vadioeeobividy
of thils puve sanple s then determined and Yhe anount prosend
ogbinated colovinetzionliys

fn smovns of the pewple conbelning dbomb 200 « g dyolas we
Aseclved dn lob wlo wber and the stlubion made alkedine by the
addition of o mall quanbtiiy of IO, cnd shalen with a 20-£0ld
cress of a 10Y solubion of TOND dn mobhonol for Poue houws, A%
the end o £ +this poricd the rerchlon mizdure sme dlubed with
S wie watew, ohoken with 20 wmils ethey to voeuove cxoeas TN, Thin
avher solution was then sholen with 5 nle wter three times, the
washings bolng odded to the ordginnd oguoons loyers  The loatbepr
was then 2a0idified with & mie of 28 W L and extroobed three hiumen
with 20 mils povkions of ebhep. The other oxbrects containing the
WiP-glyeine were cabined apld evoporsted So doyness with o owerend

of oold alw  Any molsbure dn the vepidue was venoved by desicention

The devy vopidue was dlesolved dn o misbure of ehloroformin=bubanold
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propaved by the method of Kwol (1982)y  This solution wes opplicd

B0 o aelite column, L cm dnbernnl dismcbewr, 15 cnoe long, buffered

ob P 5.2, pocksd dn ebbher, and then waghed wilth ehlovofornensbubonal
an decordbed by Mrol (1952). The column wos developed with
ohlovoformensbubamoly the WPeglycine baud ¢ollected and the ovganis
nolvents wemoved by evapovatlon dn o ovnvwent of 0dv. The repiduc
was dispolved in athew (0,5 ml) ond eppiled ko o colidbe column
prapared oo above bud using other soturnded with water as tho
Aavolaplog s0ivonis The IP-glyeine wvas aollected and the gthep
womoveds  The Syy rvopidno was dlzsolved dn the windsmn of cthey and
transforred o o stalviens sheel planchet on which 43 drded af oo
aven $ilm dn odve The somple wap connbod using on epdewindow
COURLER, The INPeglyeine wos then dissolved fwom the plancshed
with 20 wls chilovefomne-bubanel ond then extracicl from the latber
with 10 wils 3% Nef0g. The amount of MR-glyeine presend in the
WNolii0s wns opblmaded ob 860 R ja o veing the HP 600, The spesifie
aobdvity of the glyeine wos dwprossed as eounts per pniovbe pe’* E.GE)//A .

glyaine.

(L} Spepidfic Aobivity of Feeo Glyelne in the Panurenss The 208

erbroct of the panoyens prepored os desoribed in Hesbion 2 wes
enbracted with obher uwnbil the pil of the agueous phope was aboub 4w,
The datler was thon avaporated to dryness and the rosidue dissolved

in L5 mls waber, resobed with FUND and the WiP-glyeins laolabeds



(2) Speedfic Aobivity of Glyoive in Proting of Sub-foliuler Fraetlon.

THReplyoine wos propayad foon the acld bydndliyaed probeins of the
varions eell fvaotions dbleived by Alfferentiel cenbrifugation as
degeribed In Table L

E

Dotepminabion of the Speglfic Activity of tho Free Tasen of Ponswpeotic RlA.

Afper adainistbrabion of w{;’wﬁ»gﬂ,ﬁf«:@:‘iﬁa whe moleobides of the ponnreabic
WA wewe seperated by Jjonophovosis as desoribed ehove. Whe adenylic
aokd and guanylic cedd wove olubed with woler and the soluntion

evaporated o dwypese.  The froe bases wove prepaved by hydrolysing

the reosidue with 727 peroblonie neid for one howny ol 100° (Wyath, 1982).
The digesh was cooled and the i adjusted Go ¢ by the addition of B N KO,
The procipliate of X0, and cagbon was wemoved by centrifugasion

The p of the soluvion vwas edjusted o 2 with 0L aod applied %o

Thotwon Noed Dilbew papor onld subjected o $wo dimentioonl chrownbopraphy,
the descending solvent belog deowpropenol/iNL (Wyabb, 1951) and the
agoending solvent belng mw’im'%mmﬁfi\l“ﬁig {Wheilublh, 1058). Tho sputs

were debented din wWitin violet lipght and the oppropwlate arcos gub aubs
W wan wemoved by adsopption divomnbogrophys The boses wers
axbractod with I Yor twelve howen o 59° (G ¥ HUL for odenine and

le G I DL for guavine)s Sliwpots of the supornabant were baken for
rediv-nctivity debevminabions by plating out on stalnless sbesl

plonchets wnd for quontitative esbinmabion by the mebthod of Crosiie,

Smeldie end Davidson, (1985)s



DIBTIORRARIE,




A

Rgven, Go, (1947):  Acte phyoicle sconds 18, 347

Allen, Redolie, (2940):  Blocheme e, 3 858

ALITRay,

A¥LErey,

AIAEVEY,

Vola, (1954): Twoos Nade Acnde S0fe  UeBebs 40, 68L

Volap, DLy, ML& Mivaly, Aol (Z.E.‘Z?i‘a%ﬁ): Fo [0
Fhysiole 37, 1857

Telay }3&"!.1:)7]3 Melle & Mivaly, Selloy (3;955)5 Je (0T
Fhyslol. 38, 415

Mifinoen, CoBe & Stolsberg, Ve, (1951): Jddols Cheme 182, 139%

Bonbomy SuGey (1981)s Amere Jo Physicle 96, 540

Beld Jonold,

M, (1964): Bloohiws blophyse Aobe, 15, 425

Bozgnanp, la (1957):  Sco Borgman & FracuieleDammd, (2057).

H

Bewgeang, Ve & Frocmlel-Congab, e, (1057):  J bioke Chem. 119, 707,

Bewrgong i & Trubony JeSep (30443  Aowme WX « honde Sole 4B, 409.

Birkbeok, M.Bale & Reld, B., (1986)s Biochim blophys. Aobae 20, 419

Bowsool,
Barsosley

Boraoolk,

Borgodl,

Borgool,

Boveeoly,

Brachab,

Brachob,

Hap (19890): Ploshems & Fhysiole of Mubribe Tolel polB8s Acad.
Poogs, Nel.
Hap (1983B)¢ Advanc. Protedn Cham 8, 198

o / ” i N,
ey (1068)2 Conforensos ob Ropporis, 08 Inks Oongs of
Biochein , Brussels, 1985, o 92

7h p HGaBEYTe Uekay Poagonetindy, :&ocﬁ’eg I’;‘f.}‘ig’h&.@y s O o LOUWY, Pelio
(19093: O blode Chome 179, 708,

Hop Noosay, Calmy Hoogon=Fmit, Aedep Keighley, Gy Lowy, P,
(3980): 7. biol. Cheme 187, 839,

Hs @ ﬂ@&ﬂ@f}?g @aiﬁop Hoo gﬁ@ﬂ"'m&aa AF By K@ig?llﬂy P @?aa L@!Wg Pallay
(1052): e Diol. Chem» 196, 669

Fop (1061)s Avobe bicle (Tdomo), BH, 907.

Jop (1OB5): The Nuclele Aeddse Vol 8, 10478,

Oorgholl, Polle & Worl, T.S., {(1962): Bloohems Jb 52, 817,



LELDe

Onopersson, TeOes (1921): NWobturwissenschalbons 20, 55

Chaldeo, D, (1954): Mebuvo, Tondone 194, 11G0.

T

fv’

Chiriotensen, Heile, (1980)¢ Jo Mubudbes 42, 180
Ohrdat CRMBOR, ?’{u"k.a & Eﬁmﬁh Eﬂ'o.{aqp (1&35?} ¢ Gancey f%@b@ﬁ."ﬁ;hg L%. 208,

Chedctensen, Meifey Robhwoll, FaRe, Sonrs, Befyy & Streicher, Jede (1048):
Je Diola Qh@“sﬁa ’?&Gﬁép :Mﬂm

Cobeng PP & MobSluvey, ReWey (1947): Iy Diclke Cheme 191, 12
Golay ReDey Goote, dey & Worley Toile (1957)s Wature, Londons 2179, 199

Croshio, GeWep Smelllo, ReMeS., & Dovidson, J.N. (1955): Blochonm Je
. Dhe 20

Balgliesh, Gel., (1958): MNature, Lomdons 17k, 1027,
Tellam, ReDay (A085): Avoh. Blochom Bloplyse D4,

"3@@..:»9 ﬁefuag & Fel Jf.'.’h.g K{t.‘)o (3;95 Anote Jo MRhs 9&3,;, 173

LY B

Dy, Melle, ALLLray,. Valhe & Miveky, Sefa, (1088): 5 gone Physicl. 59, 207.

Daly, MaMe & Mivsky, Aele, (1082): J. govs Thysdols 56, 245
3,.’-9,&3 FoNey (? 9@9) ¢ Hnine Rowe Blochems 1""33 1580,

Dovidaon, J.Ne, Prager, S.0, & Mutchioom, W.Cay (2951)r
Biocheme Jo 48 Gll.

Davidson, JWN. & Smollle, RS, (1082)s Dloshems Ja, 44, Be
DariGy WeRe & Thorno, ReS.W,? (1940)s J Inobe Brow 58, 15

Do Dolcemmronson, Y, (1952): Blochime biophyse Ackoe By 482
De Delenefronsan, M, (1968)s Dlovhiws blophys. Acte. 30, 480
Domosg, deles & Novolld, G ~.I§.va (19656) ¢ Eﬁﬂﬁhﬁl&’ﬁc blophyse Actne 22, 49,

Dineen, JuK. & Robewbson, T8, (1068): Avstrelion Journad of
aperiwnentol Blology. 33, 6§67

Donmy Moe & Molawe, Dole, (1980): & bloke Chewms 184, 225,



il

Dounco, Aelie, (1952): Tusymologle. 18, 25L

Puthie, BySe, (1985): Proc. voy. Sove, B, 114, 90

Togle, Hap, (19856): Proocs. Soce Hupbe Bicl. Mode £9, 96
Porbeor, Be & Sidvonsly, H., (3958b)s Je biols Cheme 228, 257,
Togber, I & Sidvoosiy, Pa, (19562} I blode Cheme 219, 25L.
Tols, Tele & Tloclivs, Aey (1951): Avlddve Komde B, 53%

Torpnnien, F.Fe & Junguedra, D.O.Ue, (1955): Awch. Bioohems
Blophyse 08, 65,

Pisoher, Aep (1948): Dlochem S 48, 49
Toooly, Fefey (1988 Bxporimentol Gell Receawche 9 17
Pruton, JaSep duohuston, ReB. & Fried, M, (198133 Jebiole Chems 180,

Frubon, Fobag LLOB2): 2nd Inbe Congress of Biodhome, Sime Blogous

of Froboine, pe He
Gale, Melap (1968): Advans. Peobofn Cheme 8, 265,
Gole, R.¥We & Folkas, J.P., (1954): Nabuve, Lowmdome 373, 1995,
Gale, L?:.f?. & Pollten, TaFey (10580} Blochcms Je 89, 661,
Galo, MaFe & Polkos, JaPe, (10850): Bloohems du 59, 675

/s . ) 7 .
Garuoy, Te, Perll, Ko, Szarbo, MoT., Ullman, A, & Sheovdh, P.B., (1957):
bdota  physicl. Hunge 11, 20,

Goding Ts, & Worl, TeS,, (1980)r Blochems & 63, 69,

Gubernder, Mofay & L0000, Tel., (1960): Doklady Akads Neuls,
BOGR 71y 301, Cheme Abstwe 44, 8483,

Cubernlev, Mohe & Kovyrev, ToGey (1940)¢ Dollady Akade Naults SSSR
a3, 88Ded1, Ohewe Abstve 44, 1183,

Halvorsony HeOe & Splegehmown, 8. (1982): J. Baobericl, G4, 207.
Heddenhnin, Re 5 (i&‘?ﬁ)z Avehe gese Fhysinds, ‘;&%9 557

Hodubergy M & Velick, Sa¥e, (1984} & biole Chowme g08, 726.

5%



At .

Hlwaoh, GeGe & Dubhic, Rele, (1953): Soo Duthle, B.Se, (19855).
Hoagland, MaBsy (19655): Blockime blophyse Acta, 16, 980

iii(}aﬁ}}'im’z&; M.Bw 1{911?3 '&"‘3‘13,., & ﬁ?ﬂl@@ﬂﬂga ? ccgoa ClQ?ﬁ@)s ds hiole
Ohome , 218, 348,

Holtin, TeBRep (1981a): Blochem Js 48, 520

Hokdn, LnBa, (1981b): Blochen J 50, 216,

Hokdn, DeBe, (1988): Bilochims hlophyse Acka. 18, 379

Holdng MeRep (1958)s o Piole Chems 218, 77

Holedny Tee & Hokin, MRe, (1952): Dilochim biophyes Aobo. 13, 20%
Holloy, ReWey (1987)s I, Amowe Chowe Sooe 99, 6B

Hollovay, Bode & Riplay, Seile, (1952} Ja Dlole Cheme 106, 695.
Halbing, Ts, (1960): RMuphe C0ll Reseavsh, 1L, 576

Waltdn, Te, (1985)s Bapbe €0l Rome Suwiple, 5y, 210

Malbdn, e, (1986): Dxpte Cell Rescovch, L1, 925

Hulting Pey & Doshow, Ge, (19856): Dupor. Coll Roseawch, L1, 0664
Humbew, (oD & Dublor, JoAV., (1956): Blochin. biophys. Acbne 20, 405

Johmobon, Rebep, Mysel, Mid., and Prubon, FeSe, (10802): O biolk
Glacmy 34{‘3-55; B2,

Johnsbon, ReBes Myoek, Mede ond Frubon, deSe, (1980b): J» biol
Chome 187, 205

Junguedre, LeCele, Hivsch, @.C. & Rothsohild, H.A., (1965):
Bloohoms Je .\@.:'E;ﬁ 278

Kellm?o HaBe & Zzam(‘iﬁiﬁtﬁg Pollaeg (:‘L@ﬁﬁ)ﬂ Je DAcLe CGhcms Eg;lg 48,
Kerw, Galla & Sevaidovion, K, (1945): Ja biole Choms 189, 2Ll
Khesin, ReVe, (1983): Dickbimlya, 18, 45%

Kdhowa, Tl , Amano, M, Tkomobo, M & Siboband, M., (21955): Biochim.
biophiyse Actos 17, 348



148

fmlf‘fifa ) H@ I M@ﬁmﬁ~1€ﬁlﬂ%§ W 9(:}'9@ & &26311@ :"‘-’;a}‘:’:pg (1952)3 !‘TQ %i@la
Chems 199, 9785

Immf&"ng ‘ﬁo & Sm@lla 333@1?3, o (1953}3 o % ?Oﬂ.@:lﬁ @h@fﬂa @ﬁg 85,

Kungadye, Moo Sirny, Rede & Blvehiem, Gefle, (1951)s Jo biel
Chere 188, 55

Zﬁ*@iﬂ,a el & Tubon, Jof., (1948): ve‘ﬁ'«. bilole Chome 175, 470,
Keol, Sep (1052): Blochem Jo 52, 287.

Kusdbz, Mep (1946)3 J» pone Fhysiols 28, 149

Laoy, Dap (1956)3 Jo Ro Miowe Soce 78, 155 |
Tomoymo, Ce & Mallebto, MaFay (195@)& Jo Bocte, §F, 505
Longewy Fey & Grasel, Ay, (1988): % physiols Cheme 290, 1250
Lindorsindnelong, Ka, (1052): Soo Frubom, J.8., (1952).
Litbleficld, J.We, & Kollov, R.B., (1956): Fods Prove, 18, 50%

PAbTlefield, J.Wey Kollow, BeB., Gross, Je, & Zomeonil, P.C., (1955)¢
de Blole Chame _ﬁm 11l

Mo, TaSle, & Zuafapn, Ge, (3942): Dnduntze Boglnge Choms
(Anale T ), 34, 280

Wnldn, ReBey Commdony Mole, & Duom, MaSe, (1981): Avohs Blocheme $3, 106
Mpekham, Re, (1942} Blochems Ja 38, 790.

Morehails Joilep omd Woods, Debe, (1009): Dlochoms Jo G, 1L
Mebbhdoon, GeCe, (1009)1 Blocheme Ja 4, 255

Mozbon, ReKe, {1990)s Netuve, Lomdome 368, 2002,

forben, RoKe, (3984): Biockems Jo 57, 598,

Mok, Holle, Noubowgew, Ae, & Porrons, J.C., (1062): Biochens Je 20, 1%
HoLlmin, e, & Buddle, Hele, (1983): Biochem Js 058, 419

Maclhatly WeSe, (1962):¢ Blochem & 5, 984



RS

B - g 8, 7 Pt
Wigch, Ae & Lowherdy Sep (1982): Bulls Sbos Chime Blol. 36, 807
Warmndlideo, Ve, & Virbonon, A.T., (1961): Acbe Cheme soonds B 97

Palade, G.Rep & Sicleviiizy Pa, (1080a)s Jv Blophysic & Bloohew,
{}yﬂhi}}n(& :éﬂ :{n‘;” 34.‘” ’ !

Palade, GeBay, & Slolkovibz, Pa, (1956b)e Js Blophyee & Dlochems
@;"f' bode Eig G le

Poberaon, Behe & Groenborg, Doy (1982)1 Jv bDicke Chems 192, 559

Rabinovitolhy W, Valerdy Ve Rothoohild, Wels., Camarn, B., 52580y Ay
& Punquednay Lelels, (1962} s Jo Dicle Chome 198, 81

R@wﬁ.&m@&w, Daloy Galoy anq,p Follkes, Jeley; & ﬂmfﬁ’i&m, Delin (1@5’?)3
Blochems Je 60 519 '

Ryoifle, Lo & Sowm, T, (1956): Bloshims blophyee fotme gL, 590
Schnelder, Wea, (1948): Jo biels Chewe I18%, 295

Selmeldor, Welle, (1948)s Jv biok. Chewe 178, 259

Sohmeldor, Wele & 0P, WMle, (1964):  Amews Jo Auabs 94, 209,
Sehmddi, Ge & Thonwhavsesy Sede, (1945)¢ Je blols Chane 161, 835
Schmober, Re & Hoking lele, {1954) 2 Jo biole Chem 210, 50l
Soldgnan, Al and Nachles, M, (1950): J. Clinde Toveste 29, 5l

Shoberb, Gey (10652)1 Resumes dos Commndosbions, Sed Tube Gongs
Blocheme Bruxclles. (1985). Pa 70

Shchert, Gy (1988h) e Privote Commmdoations
Slekevidin, Pay (1082): Je Dicle Chem. 195, 849,
Sindeing Telie & Work, Tefles (1057): Biovheme Jb 88, 0%
Slmeonds, Se & Frubon, Je8e  (1948): Je Dlole Chems 174, 705
Simmonds, S & Frobon, J.8., (19080): Sotonse. 109, 561
Shmonds, Se & Frobon, FeBep (1945h): Je hilols Choms

Slmpeon, MeVs & Voldol, S.F., (19854): Je Diole Cheme 208, Gl



LEFIS

Sjbptrand, PuS. & Hongsom, Ve, (1954): Buple 00ll Roscawehe ¢, 598
Smdih, BeWe & ROy Tale, (1949): 7o Dicle Chome 379, 55

Spwivee, He & Woolley, DeWe, (194B5): Jo fmem Chowe Soce 67, 17354
Stadle, Wale & Rhgoss Belos (1044):  Jo bioke Cheme 364, 6B7
Htoliberg, D, & zﬁm’?ﬁmg}wn GuBey {1952): Je hiode Cheme 399, 25
Shraph, TeBs, (1987a): Sco under Ullwman, l{e & Shravb, F.B. (19572),

s /
Stravdy PoBe, {19870} Hee Garzoy, Te, P@gﬁ&a Koo Szoxbo, M.Te,
Ullmon, Ae, & Strab, FoB. (A057).

y
ﬁb:’?ﬂiﬂ& [ Foblo b (19@6? ﬁ:}) s Seo Hllﬁm,ﬁ De & t‘:‘%w&\u‘%}g T8 (3&95?;3)@

Strovhy PBe & Ullmon, Ae & Aos, G. (3955)s Biochime blophyse
Acsing %@J 438,

Taylow, Sefa, Slumonds, Se, & Feubom, J.8., (1050)8 Jo Diole
Choms 387, GLIW

Ui, fe & Shwoyb, ToB., (195%a)s Acha physicls Homge 11, 1L
Ullonm, Aes & Bhmawd, PoBa, (1957b): Asto. plycicle Dumgs 1k, 5le
Voughon, W & Anfinsony GeBa, (1084): F blols Chems ZLL, 567
Tirbonon, Aele, & Wavmikico, Te, (1051): Actioe chame sconde 5, GBlLe
Wondek, Ree, & Winnick, Te, (1053): Jo Note Conoor Insbe 14 S
Wynthy, GeRe, (196L): Blocheme do 48, 594,
Tyabl, CoRep (30652): J pove Flyslol. 56, 201.
Younothon, Befe & WPriodon, By, (1986): Ju Diole Chems 220, ©0L
Zomecndlt, PeCs & Rollew, B.Ba, (1984): Jo biols Chome 209, 357.
Zomeenilt, Pela, Hellow; HBa, & Hoagland, M.Be, 1068000004, T.We &
LOTBTiold, ReBe, (1960): Cibo Foundsbion Symposium,

Ionising Rediablons and Gell Mobabolipa:
de & Ko Chmwohill, London. psl6ls



