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recent USSR reseurch dealing with proteins., fiest, the ecvailability of rodio-
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In addition to the woik on such methods
A. I. Smirnova-7omkova on the so=-called "agy
investizatol 's opinion is identieal with the
SrouDS present in proicins, may be nentioned
"Sulfhydryl Compounds in Theory and Fractice,
No 85, 18 Cctober 1955). Beaides contributin
radiation effects, work along these lines hag
a bearing on the interdependence betveen the
mediator and the uvailability of {'rec and act

Since  the {Ull sywslrome of rudistion in
sclely from the action of loxic s

of vody proteins, local dwi

developrent of this syndrome in 2ddition Lo cenlrzl effects (sce Fronk's discus~
sion of the subjeet in Lexl 0l Lhe report). D ¢ Lo the active groups of
shzymes muy take place and couse serjious injury, because the totel muss of
proteins is nssumed Lo possess enzymatic 2etivity (see Oparin's statement to
thai effect and the wccount of Engel'sardt's work in the text of the report ).

Results of the type mentioned aond re
USBR investigators to pay inerecsed atten'don
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some vitamins may exert z direct

statement Lo that etfect in the text of the report).
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outlined below, rescarch by
rophilic substance," which in this
swa totnl of active sulfhydryl

as on example (Kh. 3. Koshtoyants,
" Meditsinskiy Rabotnik, Vol 1E,

¢ Lo a better understanding of
2lso furnishel gite thai have

a

nerve
ive sulfhydryl groups.

Jury cannot be assumed to result
of denaturation
ins must play 2 role in the
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to damage inflicted by radiation

protect them ascinst dumage caused

Yaryl  croups, will also be im-

be possible Lo restore the function
sroups by treating the tissue
Yoof sulfhyiryl groups by adding
Dlad.  Evperimenis along this line
in the cnse of partinlly denatured

by Vo AL Engel'earit end members
; Thysiological Institube imeni

Gy . Addition of ATP reduces the o
1n view of the fact that no ‘

en, zngel'vardt inter-
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Addition of ATP reverses
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5 suion (V. A. Bngel'guerdt,
N. S. Demyanovskaya, T. V. Plictosensitizing Action of Methylene
Blue on ¥yrosin," Doklady Ak:ni Vel 72, Ho 5, 11 June 1950,
PP 923-926).
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Otlowa, | oo, PoOoALEhoush  ihe intentlon Lo investi ate “he mechanicsn
of radiation injuries is not 'cnu_xom_\t explicitly in wny statement made By the
JSSR investi. otors, results ohtn work of this {; and in this cenerul
field have o divect bearins on L;ze weticn of percirating (donizin:) radiation
on body tissues.

Iunbers in parentheses refor to appen

4 sources. |

Seneral Aspects of Tesciren on Troteins

pogicy

3 curxr;nt Lrends USER 1 arch on proLg.m chenistry
werg outlined as follews by Y. Crelhovich subsequ "nulj Lo tie Sth All-Union

Congress of Yhysiolo iste, lﬁiOCdu.?.l'}LL, andd olo ists, .mic'u was held in
the first purt of lase,

He stoted ble unt of work hos been done on
proteips and p

f*bulmm. importent quesiions sueh as the exact manner
in which protoins ore esized in the body and under.-o metubolic trnsforma-~
tion there kueve not bm_n (_lul‘lAlQu c «hile some scientists assume that
inelusion of individual auine vcids 1 onl in the proccss of neolorma-
vlon of protein n.o“eu.d g, ¢thers it ' 10 welds moy be |

taken up or elimi ion of the protein
molecules consiant RIS LZAT, Lhenm wnew.

wlihoush o considera

An extreme view is held by A ;';‘. Yonikowva,
their ;roup, who nssume than even isolutc
their amino acid con iposition, ..e., t
livinz matier. Konikove et ol.
observation thet amino acids
proteins. They disre;urded

number of

i . Kritsman, and members of
proteins are capable of restoring
proteins possess properties of
conclusion on the basis of the
croms rendily form compounds with
forn complexes with a great

Se complexes has nothing
storation in tue body.

1 sibs Lunees
1o do with the synthesis of prote

ool waidinc zeids to ron
leores ol pul":
with

eptides in vitiro
avnliesiaed,
nl of 1, OOO)no;./ly sine
Jiyeine (o
possible to com-
of slycine molecules

ViIre Prege
€., poly:
L& peptide '"::mi.,“
peptide vith o moleculon
bine o protein enzyme suen
without dinpairing its biolos

epiinies

about o, U0u).

wirypsin wilvh scores

The polypeptides which hav SLioned are readily split by enzymes

: a5 .
The .X-x'a.j anelysis ol theso polJpnutl cs ( ¢.0e, Dolyulunine and polyphenyl-
alanine) has demenstrated t

ilar in structure Lo some proteins.
It Iollous from this that ‘“cn of pr tices Iw'or' anino acids or their
derivatives cannot be | ivity,

i

ol the congress (those

Ye. wshieyn,
of livin: substance

proteins, bk in complex
Lher subsbtarces besides.

Bxperiments co
o perticulorly striking ‘wrmm 1
in definite strveiural eles
and plastids play an frmnvd s
synthesis ir repacted thabtle seer
capable of synthesizing proteins, spe
™ order that this :,;.vnt.‘ i

zmonstrated in
p‘OLulu:- takes place
mitochondria,
fv e oas

Ltk DLQ=
cclls nre
w/leze, outside of the organis:a,
medivm muct contain substences

Rrn and F. B. hesin 2
m'_.*m hasi
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metime Jafal,

that are furmes by mitochomiria in the presence of adenosine triphosphoric
acid and some Ouawy substaneces. Khesin also demonstrated thal in Liver cells
special granules are Jound, the Principal {unction of

which is the synthesis
of proteins.

V. A, Bngel! ardt e

puzsized in ais report that the ideas
developed on the

funetioning of the
enzymes presuppose tli:i the enz,
dients of 2 mechanicul mixture, bhuy
formation of which ot her subst

vhich have been
biologically setive proveins which act as
are present in the cell not merely as ingre-
s components of functionnl systems in the
mees besides proteins ioke part.

The problem of tue vegtoration or rescnerniion of proteins in the body,
which hag already Leen mentioned ahove, forned th suizject of on extensive

discussion at the tonsress. I un waine acid contuining raodiowctive carbon as
o tracer in introduced into the bedy, the waine neid

hac been lobeled in
iis monner ean soon be round ug

S o 45 & ocouponent pari in the proteins of all
issues of the body.

o ot |

0 b

This lew U3 .nvestigutors to . conclusion that proteins are restored ty
the elimination ang subsequent inclusion of individuul amino ncids without prior
decorposition an ‘el foraztion of the Protein molecules.  Some USSR scientists
also o i ol view. K +Le which have bean
FUNLS refute uhe ussumption that there can be any restorasion
of proteins without decomposit_on and recynthaesis,

Suchi data h:
Biological and

ve been obtained
dical Che
found thot when amine neld
are introduced into o [es
only the erbryo acquire

in partieular by vorkers at the Institute of
Y, Achuety of Medlenl Sciences USSR.  They .
Labeled with radionciive carvon and radioactive sulfur
ilized chicken's e, and the ege is then incubeted,
vity, vhile the yolk end the egg=white remain

1 of protleins tokes place in the embryo
. tyrosian had been adminis-
Doan enp, i1.c., at o tine
L, t the ezg-white was Jjust

. fnot the yolk of the ezl was found to be
radioactive.

e Te)

inactive. The reason i
but not in the Jolk or e

el

s=white.  Then

;
lered t, a chicken Lo hours priox
when the ogg itselr levoeyte) :

Yeginning to for

to

 bhe ¢

I Lrom sewrvy @l speak
“wbion.  In the bodies als which

iio

25 not Loke place, because no Pro-

: i are adeinistered to such animals,
they enter into 211 tigsues of th. A With the excepiion of skin collagen and
procolla:en,

collagen is formod, o

Accordinz; to Brekbovien, & inforut lon prosented ol the congress shows
e the resulis of work witlh labeled

g feund to be ras

:led amino oLl

embodied in Liw proteing oy

Viow with bhacteria

how curefully one must use o
amiro acids. hen o protein precipi
incubation of g protein solation wilh -
that the amino a hus i

has taken place or clse
result that the labeled

weuive alfer

5 does not mean
ion of a complex
& howe ocewrred, with the
nouvilized by vhese  bacteria in the
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Orekhovich continued his ne
work on the structure of protein
theory has besn fully provon ot present, s
insulin) muet be regardc:d ¥

count of the cor
I (o} el

Ly s recent
havgh the polypeptide
: reteln olecules (c.p.,
conslubing of several perallel chains, mentioning
Jfovr parallel chains in insulin, o protein ihn
xuino aci? commousition of vhich hag been completely clorified, He added thot
k. omino acid composition of he prote vituitdrs hommones tocin ind
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272inst the bypothesis of prots
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vesopressin l:as also been completely clarified, witi tie res.lt that the
synthesis of these rormones could te accomplisied. Crekhovieh concluded by
sayin.; that althouzh research on tke chemistry or proteins is carried ot on an
extensive scale at the Institnte of Biolo-ical and Med.eal Chemistry, Academy
of Sciences USSR, work in thig important field must be Fursued to z more adequate
extent elsevhere, o indicate the inadequate extent of work on the structure

of proteins, Orekhovich mentioned that only one raper in this field was civen

at the congress, i,e., "Concernin; he Structure of Silk Fibroin" by K. 0.

Toffe. (1)

L d
The datz on the restoration of proteins
instance were slsg reviewed by him in another baper of vwhich he was the author

and which was presented by A. M, Kuzin ot the 3eneva Conference cn the Peaceful
Utilization of Atomic Ener;g. (2)

&iven by Orekhovich in this

Radiation Effects 2nd the Strustize ang Bioclozical Functions of Proteins

AL the Moscow Conference on the p
the chemical chianges
In view of the fact ¢t
ionizing radiation in vitro (A 7. Tasynskiy),
on tissue proteins can Le
are dama-ed,

2aceful Utilization of Atomic Energy,
beins by ifonizin,: radiation were discussed,

rroteins exposed te
the biological effect of radiation
explained most lojically by assumin- that active ZTOUDS
These active STOUpS may be  the nicleic acids of nucleoproteins

(A, M. Kuzin) or sulfhydryl Zroups, to wuich a specifie role is ascribed in the
transmission of nerve lmpulses (Kh. S. Koshtoyants, ¢, M. Turpayev, and D. Ye.
Rivkina) and which are transformed into disulfide groups in the process of
Keratinization (S. p. Belakhovskiy and I. v, Kuznetsova). In Kuzin's opinion,

an imporiant aspect of the acticn of radiation consists ip the damage inflicted
on enzymatic systems. (3)

A. T, Oparin, in reviewinz the work done during 1954 at the Department of
Biolorical Sciences, Academy of Sciences USSR, stated tha
dene at the Tnz

t it follows from work
Litute of Bicchemistry that the harmful action of ¥ rays on pro-
teiny is determined 1ot only by the presence of sulfhydryl £roups, as some foreign
investigators believe. le added that work Aone on the subject of radiation
damagze led to the finding that vitamias P ana Byprotect proteins ngainst "agzpre~
gation" [i.e., apparently denctois 25l roted

rer roloina are ex-~
bosed te rodiatson,

In outlining USSR Pro:ress
clusion of individual enz
and work on is

in work on proteins, Oparin also mentioned in-
JUES Or groups of enzymes into artificial proteins
olated mitochoandria snd plastids.

Commenting further on the functions of sulfhydryl
proteins and emino acids, Oparin stated on th
Institute of Animal Morpholosy,

groups contained in

e basis of work carried out at the
Academy of Sciences USSR, that substances con-
taining free sulfhydryl groups counteract the toxicity of streptomyecin, part-
leularly its specific neurotoxic witivn, and exhibit a pronounced chemother-
apeutic activity in diseases brought obout by either cram-positive or srame
negative bacteria.

According to Oparin, it has now
activity with which some
erty of substances which
considered inert also DOs
follows from this that al

been established that the biological
Protein enzymes are endowed is not the exclusive prop=-
vere regarded as enzymes hitherto: proteins that were
Sess enzymatic activity. As stated by Oparin, it

1 proteins possess catalytic properties, i.e., enzyme
activity, to a certain extent. (k).
~ 5 -
C-0-N~F~I-DeB-N~T~Imi-L




' . L
i

09A000700250001-1

50X1-HUM

CoQaliF o e Deldnllw i [ AL,

As far as the enzymatic activiiy of proteins is concerned, V. A, Engel'-
wgardt in a recently published article c¢ites new experimental data supporting the
view that ordinary muscle myosin exerts the enzymatic activity of adenosinetri-
phosphatase and is, in fact, identical witl: this enzyme. The purpose of the
investigation described by him was confirmation of tha results obtained by K.
Bailey and 8. V. Perry Acte, Vol 1, p 505, 1947), who found that the sulfhydryl
groups of myosin must be preserved in crder that this protein retain its capacity
to decompose adenosinetriphosphate (ATP) and to combine with actin.

In their investigation Beiley and Perry incctivated the sufhydryl sroups
with parachloromercuribenzeate. By using different thiol poisons {silver and
cadmium ions) and epplying other methods of inactivating the myosin, Engell
zardt arrived at results which indicate o complete parallelism between the cap-
acity of ryosin to decompose ATF znd its capacity to combine with octin. This
confirmed the deta to thst effect obtained by Bailey and Perry.

Bngel'gardt concludes from his results that both types of activity pertain
to the same protein, which he calls ermomyosin, and expresses the opinion that
the reaction of myosin with the free nucleotide ATP must be similar to its re-
action with the adenine nucleotide which forms the prosthetic group of actin.

He further draws a distinction between the desaminase nctivity of muscle myecsin,
which is not 2z prorerty of eromyosin, but that of ancther protein bound to it,
and its adenosinetriphosphauwe ectivity, which is a property of eromyosin itself,
and states that this wisuinction is valid, althouzh the protein having desaminase
activity 1s so firmly bound to myosin that only denzturation of the myosin
destroys the desaminase actlvity just as it destroys the adenosinetriphosphatase
activity. (5)

Functions of Sulfhydryl Groups and the Role of These Groups in Radietion Damage

G. M. Frank points out that the ectivity of adenosinetriphosphatase is
strongly affected by ionizing radiation, because this activity depends on the
presence of free sulfhydryl groups in view of the fact that adenosinetriphosphatase
is a sulfhydryl enzyme. It hus been established that the ioniz yield (i.e., the
number of molecules of the enzyme insctivated by one pair of ions) is 0.93 for
the H2.en ncsinctriphosphatase, while it is only C.C25 for trypsin, au
enzyme the ) which 15 not counscled wilh ihe presence of sulfhydryl
{Zroups.

As & furtner argument in Iovor of the assumption that the inactivation of
sulfhydryl sroups plays an luportant role in - 11e caused by radiation, Frank
mentions the fact that thiol compounds such as cysteine protect animals against
harmful effects produced by radiation. He states that in cases when cysteine
has been administered to experimental animzls prior to irradiation, = 1004 rate
of survival is achieved, althoujh: the dose of radiant enersy to which the
animels have been exposed would otherwise have been lethal.

Frank goes on to say, however, that iste huve been obteined recently which
conflict with the view ir regard to the exclusive role of the inactivation of
sulfhydryl groups in reliavion dannsz.  To substantizate this statement, he says
that althouzh in model experiments oxidation of HS-zroups proceeds with high
ionic yields when solutions of substances are exposed to radintion, inactivation
of HS-groups in vivo could for all practical purposes not be established. Even
in laboratory tests the ionic yields are sharply lovered when other substances
are admixed to the solutions. Furthzmmore, other substances besides cysteine
exert o protective action and this action is even stronger than that of cysteine.

Co0=N-FuI=D=E~N-T--I-A-L
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Frank concludes from this that elthough inzctivaiion of HS-groups plays T
a certain role in the biolosical effects produced by raliation, other substances g i
besides sulfhydryl Compounds ure ulso oxidize:d in vivo. He refers to the view ey
held by B. K. Tarusov and other investizators Lhat the bresence of strongly ,:;, -
acting oxidizing azents, such as tle hydrcqen peroxide which is 2ccumed to form sl K
under the actian of Tonimine pogind on, le to the forration of toxic substances a N "
in the course of a self-uccelernt ag chain reaection. That such toxic substances Ca -l
are present in the hlocd of animals sublectad 4o radiation could be shown in I y
experiments in which the blsod of irradiated anismls was transfused to animals N
that had not been irradiated or +the hloed circulaticn systems of two animals 3
Jgre Joined and one antinl was irradigteq while the other was shielded from l-'?-l =
the radiafion. ig

However, that the full syndreme of pathogenic raidation = ot -
effects could e

en Lhe toxic substences that had formed vere

3 thy wnimals by these means, Frank assumes
in tho B6dy as o rescli of the direct action
of importance. (&)

introduced irte the Llood
that the chanes which Lake
of radiation on the tissues

Horkers ot +he

i

B 1borzbtory, Central Scientific Research
Roentgeno-Hudj.ol0;4Lcal Instituete of i) i

v of lienlth USSR, investizated

S formed .n the serum of ex-

They found that the
he wniihodies

rckerio-Serolesical
;
.

the antigenic specilicity of the -
perimental nnimole ir Laier
prote’ns den:tired p
ST I thedy prese
Lot wenatured b;

atnred prot

N o

eciricity:

se {ormed when the roteins have
P
other

7o establish wilh precicion vhether protein hus been denatured or not,
@ method wherehy the SChivity acquired by the protein os a result of the absorp-
on of mcthionin: labeled with redicactive sulrur is measured has been developed
the Institute or Biochamistry imeni A (. Bakh, Aceriemy of Sciences USSR.
Denaturstion of pProteins with 'S oand ultririolet TRy vas carried ouvt in the
course or the experimental work 1 inz to the development of thisn rethod t
the denaturation produced in this manney studied. The sutnors beijeve that the
sulfhydryl groups of the protein or ac

Sivat2d in the process
of denaturation reuct with the the nethionine, thus binding
the latter compount,

ti
e
at

view aof
assumed to have
who found that

dryl jroups are

- Koshtoyents's work,
the rewlizotion of the most

Y, sncinding those of the nervous system),

I an attempt wes mode to develop o Lle pethod for the detection of thase groups
l in histologieal work. The folloving prousiure, by mewns of which surfaces where

in mn
i5sua

ti 1
diverse funelions of the animzl o

i,

free sulfhydryl Zroups ars pressnt con be sisinedl, was found sabtistractory for 1
this purpose: thae sulfhydryl creups wre P owith bs-L;z-‘b\','dro*(ynaphtm'l-

mereurin hloride and the mercao e which hos een foraed brouz

with doubly dirzollzed ortho~dionigilipm.

into reaction

¢S not only the depth of i

The number or Ui~ roups which npen rresent
the steining 3

¥

but ulso the shade: when oniy n Pew HS-groups wre present, and
these are ravely spaced, o re -.olcred monoazg-dvas WL results, while o dark-
violet Lis-azodyestulf is rormed wien the Hoscroups are zlosely spaced. Vhen
vissue sl.ces had been treated with thiel peisons {
acetate, or z2llyl ison ooy ite), s i
plished. On the basis of work dope oshtoyants and 7. M. Turpayev,
experiments were csrried out to dstermine the locnlization of the E5-croups in
a frog's heart the blocking of which preduces eliainatlion of the suprression of
contractions in response to perfusion with acetylelol ine
rythmic contructions culminating
systolic phage.

uric chloride, jodo-
this method could not be sccom-

and suppression of
in 2 complete stoppaje of the heart in the

Cal-H-PnT-D-Rel-T=I-Al, {
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lt was found that the H3=-;roups which are responsible
heart action are located in the endocardium and the tr
However, the HS-groups of the slructures whi

for boih phuses of
abeculae nearest to [t

hich respond to the noticn of acetyl-
choline (i.e., to i

mpulses originating from the vaus)
fewer in number than thoge

~-re more reactive and
which are responsible for uh
of the heart. (10)

€ automatic contractions

By using as o thiol poison uercuric c¢hloride tha
isotope Hg<0 » Te M. Turpoyev of the Laboratory of Ucneral and Comparative Phys-
iology, Imstitute of Animal liorpholosy imeni A, 1. Severtsov, Academy of Seciences
USSR, arrived at a quantitative estims ot of sulfhydryl groupsa

m

mate of the nunber
U muscles vecone insensitive to

t contained the radioactive

which nust be blocked in order tant the heart
veetyleholine., (11)

Z. Yoo Croyevskiy 2nd L. T rorchek of the Tnstitute ol Animal korphology
imeni A, H. SLV used the ‘ricyanide method and determined sulfhydryl
Zroups photocolorimet extreess in their wors on chenges in the content
of sulfhydryl _roups ‘ect of lethal doses of radiation. They
ovserved no ificony rmediately after irr iation, but found that
% consideiable reduction of Lhe sulfbydryl sroup cont

ant took place in the spleen,
after exposture 10 lethal doses of radia-
J oresurd this reduction of +he sul i 83
nnd conclude Prom thel findings 2borelatively srull, but blologically
active doses of iorizing radiction cannot be ussuned {0 produce selective
damage of sWlfiydryl enzymes in vivo, :

liver, and lungs off the aninnals 3 hours af
tion. =

SYOUD content as o secondary

As ler as the protactive aetion of cysteine
is coneerned, Srayevskis
bases on replacement off ;
redvetion. fThey point out t

e

and some other thiol compounds
forchak are of the opinion that this action is not
ed sulfhydryl sroups, but most probably on ctemical
=t the protective nction of 2 substance does not
pend solely on Lhe presence of a {rec sulfnydryl Zroup in it, because obher
compounds which are similar to cysteine in composition and 2lso contain sulfhydryl
crovps f(e.:., direthyluysteine, beLa-z.v:erc:'.ptopropionic acid, BAL, and thiourez)
@xert no protective action, (12}

1

Aceonrdinz to o

ot ent
method for the determ;

© Yokovlev

vanide

and Sokolovskly, the feryie

invtien o A e o by Grayevs il
SCIUHGK | Leen 1ouns uinrel:nbie in niseolo ic work vnen used for the stain.
g of Lissue slices. (10)

Using the ferricy.nide method o

nd wleo the method of staindng; with Nile
blue [or the determination of I8« ;roupe, ii. Dewin of the Instilute of Animal
Morpholery imeni A. ¥. Severtsav investi I tue effect of acetylcholine on
the availability of froe Hi-izroups i o tissu2s.  He found that althouch
acetylcholine «iid not sxert any denzituring <% on tissue proteing (as ne
inally assumed), thus exposing ol Iyl groups it did inercase
chelr capecity to be oxidized with

or

reectivity of these sroups as mec
ferricyanide. {13 }

I, Ivunov ond Tu. Torehin that stretched and riartly de-
actumyosin pre L0 contract under the eflfect
U ALY oifter they have i vsteine. The PAPer or tue subject
written by these iwo invest: 1

asts i 4 Joint contribution
from the Chair of Biochemist:

¢
s First loscow Mediecnl

nstitute, and the Chair
Lituse of A

I
ced Trainins for Physicions,

of Fadiation Biocheristry, Ceatral Ins
Yoseow. (1h)
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Resynthesis of Proteins Under Pressure

Workers at the Pasteur Institute in France have attempted to duplicate
S. Ye. Bresler's results on the resynthesis of proteins under pressure in the
presence of enzymes. Their attempts to achieve a resynthesis under the condi- C i
tions described by Bresler were unsuccessful. According to Bresler, the .
experimental arrengement used by the French workers closely duplicated his, but
the experiments failed by reason of the insufficient purity of the enzyme used
by them. He states that the commercial "chemicelly pure” t:ypsin is actually a
mixture of various proteases and peptidases: the pure crystalline proteases
trypsin and chymotrypsin prepared according to Northrop et al. must be used and
adequate attention paid to the purity of *“e substrote. .n Bresler's opinion.
these precautions have not been observed by the French workers. (15)
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