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Translated from Biokhimiya /Biochemistry, USSR/, 17 (1952), 5,
588-609.

REPLACEMENT QF THE COENZYME OF THIAMINASE BY CERTAIN
NITROGEI" COMPOUNDS *

R. I. Tatarskaysa

The A. N. Basxh Institute of Bilochemistry, Academy of
Sclences USSR, -Moscow,

In previously published papers {1,2] it has been shown
that thiaminase coenzyme 1s of widespread cccurrence in animal
tissues, quite apart from the question. of wuether or not these
tissues exhibit any thiaminase activity. The considerable resis-
tance of cothisminase to severe hydrolysis by acids and alkalies
testifies that it {s a relatively simple substance; in the free
state it was found to be easily scluble in weter, alcohol and
acetone, £nd insoluble in hydrocarbon sclvents,

Further researches have established that there is
apparently no phosphorus in the cothiaminese molecule, but that
nitrcgen enters inte its composition. In agreement with this,
cothiaminase wasc precipitated by phosphotungstic acid (though
indeed incompletely) and in an electric field it moved toward the
cathode.

The properties of cothiaminsse as a nitrogenous base
have been utilized by us for the purification of this substance.
n conjunction therewith, we thought 1t expedient to take up ihe
study of how apothiamlnase was acted upon by varlous simple
nitrogen compounds of biological origin. Our expectation was
that the réle of cothiaminase might be imitated by some nitro-
gencus substance of known strusture.

As thesge studies were Just beginning, a series of papers
wae published by Sealoock 8t al. 131, in which it was reported
that the ortho-, meta- and para-igomers of substituted synthetic
aromatic wnines of different degrees of complexity have an effeot
on thiaminage and moreover, the sffect is not the same Z?n sach
of the three cases/. Thus the orthu-substituted isomers were
inhibicors of thiaminase, the meta-isomers were activators,

while the para~igscmerg 6lther were neutral or slightly inhibited
the enayms, Using a relatively simple substance, meta-nilro-
aniline, Sealook and his assoclates showed that when thiaminase
{3 gplit by thiamincge in the presernoe of an excess of the said
substance, Lt enters into oomblnation with the pyrimidine moiety

# Certain parts of this work were carried out with the participation of two
graduate students of the Faculty of Rnimil . 'ochemistry, Moscow National
University, namely Ye, ¥V, Budilova and B, ., Pavlov,




of the thiamine by way of its aminc group, wheie ths thiagole
18 ~"berated in the free stats [4].

In 1944 Krampita and Woolley had peinted 2ut that in
the asplitting of thiamine by thiaminare the zyrimidine ragidue
of the vitamin initially unites with some not yel tdentified
subatance, and only in a second phass of the srliiting does it
appear in the free ataie, Ssaicvck, on the basie of thasze experi-
menta, suggests that the meta-nitroaniline usyd by himsely had
gubatituted in the role of the sald nun-identified natural suo-
stance, and that the latter substance wae chemioally of an aniae
navure, .

% There ars wall-known papera in ths iiterature which

¥ desrribe attempts to itsclute from the reaction-aixture the inter-

B med..ate oompound of the pyrimidine moiety with the uwnknown aub-
stance {6}, but the structure of this substance haz so far
remained unestablished. It is howsver irterssting that the
investigators found it to conta’in osxygen, nitrogen and sulfur.
The work was carried out not wiilh cerp thieminass, bui with thatl
of o bivalve mollugk, the Latin name of which wag not given.

As indicated above, the natural coenzyme of thieminase,
according to our findings, is & nitrugeneous substance. Therefore
we cannot exclude the possibility tihat its participation in the
enzymatic reaction involves precisely the formation of the inter-
mediate compound with the pyrimidine moiety, according to the
mechanism discovered by XKrampitz and Wooley and confirmed by
Sealock et al.

We first of all tried out nltrogen heterocyolic com-
pounds substituted in the third position {(with the N atom as the
first position), and aliphatic B-amino compounds (B-alanine,
B~pheny1alan1ne}, that is, in a certain sense the analogs of Sea-
lock's meta-substituted amines. We also investigated compounds
of other types (x-amino acids, dipeptides, nitrogen compounds
simultaneously containing nitrogen toth in the heterocycle and
in the form of an amino group, and othcrs).

It was found, as we shall explain below, that an
activating effect, similar to the action of the thiaminase coenzyme,
was exhibvited by many nitrcgenous substances of biological origin,
substances moreover not of one but of several iypes of structure.
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EXPERIMENTAL PART

1. MATERIALS .:ND PROCEDURE

The ensyme was produced in the form of a salt-water
extract from ocarp viscera, treated with asetonc and dr.ed o
vacuo over P, (for detaile, gee (1]), Both non-dialused and
dialysed ext=asts were tegted. The latter were produced Ly
dlalysis into twloe~distilled ice-water for o period of 48 hours
and were divided into small portions whinsh were kept in the
frosen state. A solution of the coensyme was producsd by heating
; G swve WLYP 6ZLI'ACE Q) Cuwrp muscle over & »olling water hath.

The sampie mixtures were made up in the usual mannser |1,2{, and

the dialysed and non-dialysed extracts wers portioned out for
each sample in sucihr a way that the quantity corresponded to 8-10 mg
of the iniltlal dry visceral preparation. The quantity of thiamine
in the sample was usually 0.125 mg. A borate byffer was used.
of pH 7.4. Solutions of the test substancss, taken in pre-
determined conoentrationsg, were brought to pH ~7. The total
volume of the sample vartied in different tests Srom 5 to 7 ml.
Inoubation was at 379C for 2 hours. The reaction wae stopped by
the addition of an equal volume of 10% CCl,COQH.

Cheoks were maintained on the following: the Sluor-
esoence qf the rsagents; the fluorescence of the test gsubstance;
the influence of the test substonce in thiamine deiterminations

::> by the thioohrome method (verification of ocmpleteness 4 thiamine
determination, qu~ntity of potassium Sferriopyanide sufficient Sfor
complete oxidatic ,.

The maximum amount of thiamine in & ml of solution at
the analytic dilution was 3ug.

2, EXPERIMENTS WITH SUBSTANCSS CONTAINING THE
PYRIDINE NUCLEUS

I. Nicotinic (pyridine-3-carboxylic) acid and
nicotinamide.

Both substances were testei in final dilutions of 2-10-3
to 5°10-* M. Both of them activated thiaminase, but the first
one showed 1tself to be an incomparably strorger sctivator than
the second (Fig.l). The nicotinic acid gave activation curves
superficially quite similar to those obtainedi with the coenzyme
extract. Saturation of the apoenzyme (a plateau on the activa-
tion ourve) was produced by nicotinic acid at a final concentration

-3 - ,
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of about 5°10-3 M of this substance. A distinct activation wsas
already detected when the nicotinic acid concertration was at
~5°10-¢* ¥ (Fig.1). ()

II. Pyridoxine (2-methyl-3~hydroxy-4,5-
~-dihydroxymethylpyridine).

This substance was tested in final dilutions of 1.7°10-% \
to 65.5°10-¢ M and was found to be inactive as regards both the
apoenzyme and the holoernzyme.

II.. The alkaloids nicotine and anabasine
(3-{N-methvlpyr~114dyl-2]-pyridine and 3-{piperidyl-2-]
-pyridine )*. [

In the anabasine molecule the nitrogen in the piperidine
ring 1s in the form of an imine group; in the nic¢otine molecule
the nitrogen ip the pyrrolidine ring is methylated, These sub-
stances were tested in final dilutions of 3°10-%3 to 4-10-3 M,
Activation was detected even at the minimum experimental con-
centrations of dboth these alkaloids, with anabasine raising the
activity of the system to a higher level than nicotine. Activa-
tion occurred both with the apoenzyme and the holoenzyme. It is
characteristic that the activation curve shows a slump toward <>
%he hosizontal axis with increase in the activator concentration

ELBQ 2).

3. TESTS WITH AMINO ACIDS, DIPEPTIDES AND ACID AMIDES

As stated above, our initial experiments were made on
the B-amino acids but later we also used the a-amino acids ...
monoamino-monocarboxylic, monoamino-dicarboxylic and hexone
bases /basic amin, acids/. Table 1 gives & summusy of the results
obtained. Prom examination of this Table it follows that the
diffe. 2nt amino acids are not equally effective in their action
on thiamine, The simplest of the amino acids, glycine, showed
itself to be pructically inactive. Alanine Sa~ and a-ﬁ, serine
and lysine exhibited a small activity (Fig.3), dbut the amino
acids containing ring structures in the f-position (phenyl-
alanine, tyrosine, histidine) were incomparably more active.
Cysteine stands by itself; it activates thiaminase more strongly

® Pure preparations cf these alkaloids were kindly subplied to
us by G, S. Il'yin, 0
-4 -




and in more minute concentrations than any other amino eozid.

Methionine, containing a methylated sulfur atom, corresponds
in strength o. activation to the aromatic amino acids,

The dicarboxylic acids ... glutamic and aspartic ...
and the amide of one of them ... aspartic acid ... were found
to have no effect; p-amino benzoyl-glutamic acid did indeed cause
an inhibition, but not to the point of complete loss of activity.
On the other hand, the dipeptide B-alanyl-histidine (carnosine)
occupied an intermediate position as regards its effect, midway
between its two component amino acids.

In the case of a number of the strongly activatirg sub-
stances, histidine, phenylalanine, carnosine, it was found possible
to get activation curves with a plateau, like the curves obtained
with the coenzyme extract. For this it was only necessary,
sczacinanallv. to reduce the concentration of the enzyme prnteln.

Beside the groups of compounds enumerated above, we
also tested certain other substances: creatine, guanidine, and
others (see Table 2). Among them not on¢ was found which pro-
duced an activation of apothiaminase.

Table 2

Effect on thiamine of different bieclogicelly active nitrogen com-
pounds. (Abbreviations as in Table 1.)

Substance Tested on: Range of concentrations
studied in moles.

Adenosine ae 5-107%-1,1-107°
Adenosine-~triphosphoric _o -4 '
acid af, he 1+10 "-8-10
Creatine ae, he 1'10—2-8'10—4 No actlon
B ’ ' detected

-2 -
Creatinine ae 1.4°10 "-4.5"10 &
Guanidine ae 6.3'10'8-4'10-3
Urea he 1-107%-1,25-107°

-5 -
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4. EXISTENCE ESTABLISHED OF COMPETITION BETWELN SURSTITUTE
ACTIVATORS (NITROGEN COMPOUNDS ~* BIOLOGICAL ORIGIN) CD
AND THE NATURAL COENZYME ,

It naturally cccurred to us to enguire whether there
is, for the enzyme protein, no difference between acilvation by
the nitroger compcounds and the natural coenzyme. To settle this
question, we conducted a series of experiments, in which the
enzyme was activated by the cosnzyme in conjunction with the
"substitute" activators (a-alanine, pf-alanine, f-phenylalanine,
cysteine). What these experiments showed was that the activity
of the apoenzyme + pheuylalanine system was higher than the
activity of the apcenzyme + phenvlalanine + coenzyme system (the
sem, ;icture was sccu iu tne case of cysteine and the other
activators), but the level of activity of the apoenzyme + coenzime
system was increased when actiivators were added (rig.4, A and B).

-y —

To decide the questiou of which component (the natural
coenzyme or the substitute activator) has the greatest activity
with respect to the enzyme protein, we used, in a number of sub-
sequent experiments, B-phenylalanine as substitute activivor.
For these tests, we took a mixture of the coenzyme and phenyl-
alanine, prepared by dissolving the latter substance, in & con-
centration of 3.3°10°% M, in the boiled coenzyme extract. The
result of one such test is shown in Fig.5.

We 430%7 see that with a uni®»rm increase in the con- C}
centration of both reagents the effect of the ccenzyme becomes
predominant., Our attention is drawn to the initial portions ~f

the curves. The activity level in the beginning part of the

coenzyme + phenylalanine curve is considerably higher than in

the corresponding parts of the curves found for each ccmponens
ssparately, a. the same concentration of either of them. This

may bs understood on the basis of tnhe assumption thai at
start there is enzyme protein in excess; 1t is not satur
the mixture ol “oth activators is added to it in saiall amcua
The result of this is thut at first there is an addition of
effects of both components of the mixture (comyare with ine
dottad line, which is the calculated sum of ths curves for
coensyme and for the phenylalanins taken separately). Howeve
with increase in the concentrations of the two asctivators uad
as & mixture, the phenylalanine is dieplaced by the coenzyme,
the effect of its presence bocomes less and less percoptidvle. I
18 evident that the activators compete with one another for the
protein, and that the affinity of the rnatural coencyme for the
protein, under the conditions of our experimenils, 1s greater than
the affinity of the substitute activater (phenyisianine; for

the protein. This theory, 1t seems, also holds good in the case
of the other amino acida. With respect to phenylalanine, which
with the protein yields s more active complex thar does ih
naturel coensyme, the said coenzywe acis as a kind of inhiditor.

g e

-6 -




o . il A e i

From thig poilnt of view it ig interssliing to rooull
the activation curvas obtalned by us previcusly with thicninace
Srom a bivalve molluss ... the marine scollop /Pecten/ ... und
the thiaminase from G coelenteratum ... tha Actinia [21. It iy

possible that the gteepr maximum of activation which is chocrved
with gradually incoreaging additions of the cosnayme exiracts

is characteristic of these curves, it ig connected with tho
presance in the system not of one but of gseveral natural activatars
possessing unequal uSfinities for the sngyme protein end unequal
aotivating capacities.

we have already pointed out in a previous comnwnicaiion {11, we
digcovered cothiamtnase actioily univarsaivly precenc wvn diJsrerant
animal organs and tissues, but were unable to Jind vt in buxer's

yeast. It hcs 8since become clear that our pyegast exirac
tained a substance or subsgtuncee whizh exerted 4 .inmilte
ing ef.fest on thiaminase. Thia prsvented us from findi
coenayme Lln the yeasts.

The same type of 8fFfsaot on thiaminase ig fho

of the tissues of a marine molluge, the Mytilug, atar ac

vystis (Fig.6, A and B,;. The iniltial parts of the uciivat

curveg obtained with thgse sxrtraots clearly point to

of an activator in them, In the Sfurther course of ¢
(v

ha presence
viere le a fall ‘n the level of activity beiow th

apparently under the influence qf a competing inhibi
Concarning suuh inkibitorg, one might suy that thoy o
which ralsa the acsivity of thianminigs Lo uniy < "gwelivgl;
leval, but whilioh poow8ss a greut &f.finity Jor the ensymg D
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The data obtainzd do not,
that coenzyme extracts obtained fro
ferent living creetures contain one
Rather we should conclude that the
Finding a precise snswer to this g
but at the present moment, at any
a considerable similarity in the e
and the substitute activators inves
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5. THE ZFPECT_OF TULANMINASDT O HEAVY
THIOLIC POISONS 4INHI°ITOQ§7; THI ROLE O SULFMYILTL SROUPS
IN THZ PROCESS OF ACTIVATION OF APOTHIANINASE AND
ACTIVATION BY THI SUBSTITUTE ACTIVATCRS

Thiaminase {s highly sensitive to tne neavy metals., AS
regar?s the strength of their action on thiamirase, tne hesvy

+ - + &

metal ions may be arranged in the following serles: Hg = Cu o >
+4++ +
> Te > Fe*" (Table 3). - 7 -

o e i

- ol A ey




Table 3
Action on thiaminase of heavy metal ions.

Ions Threshheld Concentration
concentration sufficient for fuill
in moles inhivition of *he

cnzyme, in meles.

mg*t 3-10"3 1-1077
cu*? 1.2°107% 4-107%
Fe*t 2-1074 1°107°
me*+ 3°107 1°107% Ko full

inhaibition

The thiclic poisons likewise sho.2d themselves to be
efficient inhibitors of thiaminase. JIodecacetsmide produced
noticeable inhibition at a concentration of 0.02 }M; at 0.04
there was a stirong inhibition, but not yet a complete loss of
the enzymatic activity. kuch ~tronger is the action of mercury
p-chlorobenzoate, which produced = marked inhivition even at a
concqftration less than 1+10° M and a complete inhibition =at
1-10-% M,

[ I

In our endeavors to investigate the mechanism of thia~
minasic action, we attempted to suppres. the poisoning caused
by mercury p~chlorobenzoste by use of the beciled coenzyme
extract. We did indeed find tr 't the addition of this extract
weakened the action of the inhibltor, and that the removal of

the inhibition was the more effective, the .uore coenzyme solution

was added (Fig.7). But in view of the fact that the coenzyme
extrsct used 1s & complex mixture of different substances, we
employed, in subesequent experiments on the removal of the
innibition, a pure solution of B~phenylalanine, concerning which
we already knew that 1t occupled the same areas on the enzyme
protein [%oleculg? as the coenzyme did, and that its affinity
Tor the protein was less than that of the coenzyme.

It was foun¢ that the system apcenzyme + phenvlalanine
was considerably more sensitive to mercury p-chlorobenzoate than
the erstem apoenzyme + coenzyme extract. A concentration of
~5+10-% ¥ ,f the Inhib{tor was aiready sufficien® to produce &
distinct inhibiting effect, But still other dilfferences are
observed with pnenylalanine. As is evident ..rom 1ig.8, a
several-Jold increase of the phenylalanine concentration does
not produce any weakening of the e¢ffect of a thiolic poison ...
in the presence of the lattiar, the activity of the system remains
at Just he sams level at all our experimenta) points, that is,
the curve of the activation of the enzyme by phenylalanire goes
onto its pleteau even at minimal doses of the activator. With

-8 -
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the same doses of the activator without * irnni

vation curve will still rise, reaching its »latecy oniy
b
<

OQur findings may be interpreted &5 mcaning tnat tne
inhibivor blocks those groups oa tne protein maleczule witn onich
phenylalanine reacts to form itre active compiex. Since in ne
experiment described the guantity of (re ianidlicor wus sne sume
in all the samples, so0 too the relot.ive gquantiity of blocked and
free groups remains the same in all cases. 3By rcascon ¢f its
relatively small affinity for the protein, phenylalanine in +he
coricertrations used is not &ble to displace tne Inhisitor, tut
it is nevertheless capable of sasurating areas 4Sn L.e protein
moleculg7 vhich are free of the inhivitor already added in minimal

amounts.

Since the inhititor in guestion is & thiolic poison,
it is possiple that the tlocking of SH groups hinders the formation
of the active complex, and perhaps it is with these groups on

the protein that the substitute activators snd the coenzyme enter
into reaction in the enzymatic splitting of thiamine.

6. ACTION OF HYDROGEN SULFIDE ON THIAMINASE

As might be expected on the basis of the experiments
with the heavy metal lons and the thiolic poisons, hydrogen sul-
fide exerts a strong activating effect on thiaminase., In this
effect, certain features stand out. Thus different activation-
effects were observed when water containing aydrogen sulfice was
added to the dlalysed enzyme and to the system saturated with
the coenzyme. In the presence of the coenzyme, practically no i
activation occurred when the concentration of hydrogen sulfide Q
was small., But here too it wa~ possible, by increacing the coa- t
centration of H,S, to heighten the sctivity somewhat. Control
experiments showed that the activating capacity of the coenzyme i
extract was unchanged after a preliminary treatment with hydrogen E

|

sulfide., Thus we have to conclude that the action of H;S is not

on the activator soluticn, but on the enzyme preotein. The

observed relatlonships superficislly resembled those found when

the coenzyme and the substitute activators were simultaneously :
added to the enzyme protein ... the same rompetition between the '
two activating principles. The experiments carried out have

once again emphasized the important part played by sulfhydryl

groups in the enzymatic reaction here studied, and likcwise that

it 1s with these functional groups of the protein that the

reaction between the protein and the activator takes place,

TR ™ " . -




DISCiL3SION OF THE RE

From what has been said, it is secn tnat an nciivating
effect on carp thisminase is exhibited by many nitrcg:an compounds
of blological origin, compounds very different in their chemical \
structure (these same substances also activate carp holothiaminase

which, as was pointed out in & previously published article {21,
is usually extracted from the tissues in non-coenzyme-saturated
state). We alsc find among the activators both eyclic and ali-
phatic structures; the nitrogen in them is ccntained either in

the heterocycle or in the form of an amino group, or in both these
forms simulianeously. Begides a polar group of basic character,
all the activators contain at least one other polar group; &s a
ruie, an acid group.

The importance of the acid group may be seen from the
o example of nicotinic acid vercus nicotinamide (the action of the
B second is considerably inferior in comparison with *he action of

o the first) and also of pyridoxine, which has no activating effect
o at all.

For there to be an activating effect, 1t is not necessary
that the active groups should be exclusively in the w-or f-position
relative tc one anotiner; this follows from the fac: that the
a—-amino acids likewise will activate.

Complete inactivity relative to thiaminase was shown by
many nitrogen compounds highly important in other connections:
ATP, adenosine, creatine, creatinine, urea, guanidine; also by

giycine, the simplest amino acid, and by the dicarboxylic amino
acids,

In a class by themsleves are the experiments on the acti-
vation of thiaminase by the alkaloids, nicotine and anabasine.

In spite of the fact that in their molecules there are no groups '
with acid properties, these substances showed themselves to have

& distinet activating effect., Moreover, in contrast teo the other
activatiors, they gave curves with a pronounced maximum. It is

not yet possible to say whether the mechanism is identical in the

case of the alkaloids on the one hand and the other investigated
substances on the other, but the activating effects of nicotine

and anabasine serve to illustrate the routes whereby alkaloids
introduced into the crganism exert on it a specific pharmacological

action: namely, by directly influencing this or that enzyme
system,

As for the mechanism of action of the substitute acti-
vetors, we should first of all point out that there are no grounds
for assuming them to play a s*mple protective role.

At the temperature of 8700, adopted by us in our deter-
minations of thiaminase aotivity, thie subsianoe ls qulite stable,

and L8 very little changed even after a Sour-hour inocubation.
The addition of phenylalanine to the thiaminage during this incu-

jp——




bation does not affect the pressrv.tion of the e

v
fea. N

ability to be activated by thia same phenylalunine So foos o
rave no grounds for agseribing the efifect of the werio. “ore ta

a counteracting of polsoning by the heavy metal ions. Aa ¢

have already indicatea, the added actinators gtep up *hs arti-
vity not only of apothlaminase cbtained by dralyais into & .- '
tilled water, dut ag a rule thay will olso activate holothioni-
nase in that form i which it i1s found in the tiscuce. Towver,
it 18 clear from our eaperiments with mercury p-cl.lorobensosts
ani also with hydrogen sulSide that o whole sxiruct Jrom tiocucs

-y
s «lready protected against such smull quuniitics o heavy metal
tons as may b8 contuined in it, and that the purticLpaiion o
phenylalanineg, 30 stronygly uctivuting but y2t ot e sune Ui
so feeble a protector wjuinst u thiolic poison, hws « qulie 4ir-
Jersnt mechanism underilying 1t.

3
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The differences in the dejree oF activation observed
upon the addilition of various aminc acids, and particularly ths
abgencse of any activation when the dicarboxylic acids are used,
likewise indicate a mechanism other than o protective effect.

On the other hand, the competitive relationships which
we have shown {0 exlst between the natural cozxnzyme and the sub-
stitute activators speak for a more profound participation of the
latter substauces in the <enzymatic reaction, rather than a simple
protective function exercised by them; indeed, they indicate a
good deal of resemblence hetween the actions of the natural coen-
zyme and of the substitute activators. From the data obtained,
it is clear that btoth the natural coenzyme and the substitute
activators, to exert their activating effect, enter into reaction
with the sulfhydryl groups of the enzyme protein.

There i3 real gigniyicuance in the question of how we
are to visualige this reaotion betwesgn the activutors of thiami-
nase and its sulshydryl groups. Linderstrom-Lang {7} has indi-
cated the probability o) thilazolidine rings existing in proteins:’®
labile rings ocapable of breaking up (for instance, under the
action of ammonium salts) to form SH groups. It is interesting
to compare this notion with the data obtained Dy us on the acti-
vation of Anodonta thiaminase by ammonium salts, In the presence
of ummonium ohloride the actilvity of this type of thiaminase
markedly inocreased up to ¢ commentration of 5-6%, after which it
began to decline. A natural explanation of the phenomenon isg
Just this assumption that free SH groups are formed, in accordanoce
with the mechanigm described by Linderstrom-Lang. In the case
of carp thiaminase, however, ammoniwn salts showcd themsslves
inaotive. We are not in posgsession of anly dutu re the effect
of amino acids and similar subgtances on the thiasolidines. It
18 known that urea and guanidine are not cupable of splitting
these rings {8}; it is possible that %he thiaminuse activators
too are ilncapadble of bringing about sguch a reaction., But as
Jollows from the Sindings o Pagynski and Cherniak {9}, the reacti-
vity of SH groups 18 increased ln a solution containing low-
molecular amino compounds., Posgibly the aotion of the nitrogen
compounds whioh are aotivators of thlaminase dependsg on a similar
af.fect. - 11 -
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There ic¢ now a questic~ con which we should lilke to
dwell: namely whether there is not a plurality of thiaminuce
activators, behaving like the natural coenzyme of this substance.
There are some ovservations which may be explained as indirect
evideuce for the possibility of substitution of one substancs for
another in a prosthetic group of enzyme, Thus we know that in
pellagra a therapcsutic action has been shown for not only nico-
tinic acid, the lack of which is the direct cause of the ailuent,
but also for its analogs, quinoline-carboxylic acid, pyrazine-
carboxylic acid and 2,3-pyrazine-dicarvoxylic acid (quoted from {10
The possibility 1s not excluded ¢hat the cothiaminasicec activity
of extracts frcm the organs snd tissues of wvarious living creatures
likewise involves different, even though similar, substances.
Here we should emphasize that the affinity of the natursal enzyme
from carp tissues for preotein of carp thiaminase was found %o be
higher than the affinity, for this protein, of the substitute
activators which we investigated. Consequently, the structurs of
the natural coenzyme must involve some important properties 4is-
tinguishing it from the substitute activators. Preliminary experi-
ments in which solutions of thiaminase coenzyme were (reated witn
godium nitrite have shown that the nitrogen in them is not in
the form of an amino group. At this *ime we have at our disposal
purified, but not yet pure, preparations of the coenzyme {rom carp
tissues. The properties of these preparations favor the view that
the coenzyme of thiaminase is very probably & simpler substance
than the ccoenzymes of other enzymes.

——

——
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Generally speaking, cases are known in which amino
acids show themselves .apable of substituting for a coenzyme.
Thus phospho~mono-esterase (alkali phcasphatase) is partially
reactivated by the addition of hystidine and other aminn acids.
Eowever, for complete restoration of the activity it is also
necessary that magnesium ions be present {1]. But in the case of
thlaminase the addition of certain amino acids c&n not unly
restore the initial activity, (i1t sometimes it even yields an
incomparably more active enzyme complex. It 1s interesting that

2 encounter such "primiti.eness" in thiaminase, that "archaic"
enzyme, found only in animsl forms o1 a low level of organization
and in archalc species of plant organisms (ferns, horsetails).

k3

<

If some iilg... has by now heen shed on the question of
what chemical properties thiaminase coenzyme must possess, and
with what groups 1t reacts in he enzyme protein, it is neverthe-
l28s compleiely obscure now 1t behaves versus the substrate of
the reaction ... thiamine ... and whether it really enters into
en intermediate compound with the pyramidine moiety of thiamine.

In concluslion, we must note the following. The strong
activation of carp thiaminase by amino acids provably means &an
intensification of its anti-thiaminic action. We may believe
that when animals are fed with raw fish of the carp family, the
decomposition-products of the proteins in the intestines will
accelerate the splitting of vitamin B by thiaminase. It is
possible that the study, under natural conditions, of predatory

.fish feeding on the carp tribe will help us to discover the pro- (]
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tec” 've mechanisms which counteract the harmful effect of exogenic

{Z) thiaminase.,

We express our profound gratitude to V. A. Engel'hardt
for his unfalling attention and valuable advice in the carrying
out of this work.

CONCLUSIONS

Many lew-melecular nitrogenous substances of biologleal
origin eres activsators of thies—inase; both cyclic and alipnatic
substances. Besides a polar grouping of basic character {nitrogen
in one form or another), all the activators contair in .idition -
one other polar grouping, or acid character as a rule, §

Of the monocarboxylic amino acids studied, oaly glycine
was fecund to te inactive. A particularly strong activating effect
was shown by amino acids containing cyclic structures and salfur;
also by the dipeptide carnosine. The dicarboxylic amino acids
were not activators.

For the activating effect to exist, it is not rzc=ssary
that the active groupings of the nitrogen compound should be
axclusively in the beta-and meta-positions relative to one ano.her
(the g-amino acids also activate).

The alkaloids nicotine and anabasine also activate
thiaminase, although somewhat differently from the other acti-
vators. >

The substitute activators, according to our experiments
with amino acids, compete with the coenzyme for the proteins, the
affinity of the coenzyme for the protein being greater than the
affinity of the substitute activators.

The formation of the active apoenzyme + coenzyme or
apoenzyme + substitute activator complex takes place by way »f
a reaction between sulfhydryl groups of the protein and the
activating agent,

The activity of the apoenzyme + substitlute activator
complex 1s sometimes found to be higher than the activity of the
apoenzyme + coenzyme complex,

Received by Editors,
24 June, 1952.
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NOTE : -

When the present paper was in the press, there appeared
a number ~f articles dealing with thiuminase (A. Fujita et al,
J. Biol, Chem. 196, 285, 297, 305, 313, 1952), These authors
have tested the effect of different nitrogenous compounds,
synthetic for the most part, on the splitting of tnilamine by
thiaminase of different origins. It was discovered that the
splititing of thiamine by the enzyme from a bivalve mollusc and
from a fish of the carp family was accelerated only by synthetic
nitrogen c¢ompounds, while the natural substances, such as a=-and
~—alanine, phenylalanine, histidine, nicotinic sacid ani nicotin-
amide had nco effect on the reaction. ‘

The reason for the divergences between the Japanese
authors' findings and curs is not yet nlear. Possibly it has
something to do with different sources of the enzymes., Besides,
it is incorrect procedure for the authors to investigate the
action of the said compounds on the holoenzyme only. It follcws
from our results that between the natural coenzyme and the sub-
stitute activators there exists a competitive relationship, and
in the presence of the e¢nenzyme the effect of the latter sub-
stances is little felt. This applies particularly to such acti-
vators as a-and B~alanine, which increase the activity of the
enzyme to approximately the same level as does the natural coenzyme.

We should mention that the Japanese authors, speaking of
the mutual substituability of coenzymes from different sources,
do not ~efer to our similar findings published in the Journsl
"Biokhimiya", 16, 305, 1951.
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Fig. 6. Change of activating effect to inhibiting effect when autolysate ’
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