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ON A TEBRIN ACTION ON SUCCINOXIDASE SYSTEM 

I. COMPETITION BETWEEN ATEBRIN AND THE 
P.ROSTHETIC GROUP OF THE FLAVIN ENZYME IN THE 

SUCCINOXIDASE SYSTEM 

iby 

Nikša Allegretti 

T h u n b e r ,g14) colfllduct:ed the o·x1dlat:iloin ,of su.cc111111c adid 
to the fuma·ric add unider the imJHueince of the 1succinodehydro
genaise as a bioliogkal .oxildart:fo1n. S zenit - G y o r g y i 13) anid 
his co-worker1s postulaterd its place in the chain of enzymatical 
r.espi1ratory 1p111oce1sise1s, a1s an intermediate in ca-rrying ·over the 
hydlriogen from the dihydrocodehy,driogenase to the oxygen actii
vated by the W a ribu r g -· K e i 1 i ;n-sy,stem. Su1ccimodehydro
ge:na·se be[·on1gs to enzymes whid1 re·duoe cytochr.oime c. Flavin
enzymes especially cytochrome redudaise were kno.wn as the 
on1ly 1suitahl.e emymes for this reducing function. P o t t e r 10

• 
11

) 

h:as shown thait succimodehyd11ogen1aJse 1s a.n .am1a1liogous einzyme. 
All animal tis,sues contia.iirn sucdnodehydr1ogen1a1s.e a1nid :i:t i1s 

one of the most actiive dehydrogena.se1s. A common opinion is 
that i1t belongs, along with o:-glycerophosphatedehydrogenase, to 
the einzyme•s wihich act without coenzyme. It contaiDJs sulfhydri.l 
groups, kn,own tiO be hlocahle iby ,specific c1ompo•UJnds anid thus 
being a.ible to diminish or compJetely to des•troy the act'.iolilJ of the 
enzyme. Gliutathione (GSH), cysteine and 2,3-,dime11caiptopropa
nol 1renew its ac1tivrity. 

Its functfon in the chain of .re·~piriatoiry enzymes i1s apparent 
only in the oxi.dart:ion of tr.i1oseiphospho1ric add. Succ·1nodehyd1:10-
gena1se ha,s not yet been isola:teid and thernfore its chemical 
propertie1s are niot yet quite known. ltis pfaoe in the chain ·showis 
it to be 1similar to the flavfo-enzymes. 

A x e ,1 rod amd oo.-w0;rkers'· 4) have foU1t1Jd that avi1tami
nosis B2 lin ra:ts diminlshe,s the c·on.ce111tra1t~on of the Havin.-·e1nzy
me, d-amin10-add-oxi1dla1se 1and XaJnthinoxi1diase in the ti1s 1su.e~. ln 
the same way they 1showed by experiments wii1th s;ucdnodehy
dlrogemaise amid succinoxidaise s~s1tem2 • 3), that the actiion ·of the 
liatteir is .climin:iisheid. They have concluded thait succ1fa110dehyd.ro
ge~aise i0r a: com,po1n1e:nt ot the su.cciDJ01xidaise sy1s,tem which acts 
between i1tself a:nd W a r b u r g - K -e i I .i rn sys;tem is a fla.virn
enzyme. 

W e :have trieid to prowe thl:ls f1ad uiS,ing a.tehdn, whfoh hia1s 
been 1shown by H a a s5

) to be a c-ompeti:tio~ of ,riiboHavirne in the 
p11osthet:ic g11ouip of flavin-.en:zyme, and to idimimish re.sipir:ation. 
H a a ,s workedJ on ain i!soila1ted' .~ystem Olf cytio1chrorme oxi.daise, 
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cytochrome c, cytochrome redudaise, tr~plhosphoipyridinnucleo
tiide, Zwisichen.ferm1eint anid gltticose-6-phosphate,, and he based 
Ms iin.vesitig.a~ilOins up001 the diso01Ve.ry of W ,r i g h t and S a bi
n e15), who hao/e ·ohseirved the mh:iJb1tory aieti1001 of atebriin !in 
a ra.t'1s ,l:iver, brawn anid kidney. It was1 foiu1Illd thart the oxiid:atllon 
of .gliwco:s1e, laćtate, pyruvarte, maJwte, ciih~a1te anid fumairiate is 
mihib1Hed iby atehrin iin the 1ait:t,er tiS1s1Ues1, whereias H does not 
mhihi te ,the ,oxidation of sucd'.lna!te. The actiion of d-amin:o-add
oxida'se ils a1so inhibifo1d, though itis prnsthetic gro11\p (flavin-ade
nin-dinucleotide) protects it from ateibrin:. We have investi.gated 
the 1acti01n o~ su,ccin01dehy,dTogena,s1e i. e. the s.uccimio,X::ildaise 
system isofated by H o f f - J o r g e n s e n and L e h m a n n") and 
by K e i 1 i n att11d Ha r t:r e e7), thouigh W .ri g h t and S ah 1i n e15) 

have . showin tha.t the aihility fior the o.x1:idat:iio10 of 1su1cciina.te in 
the Hssue1s wa1s UJnimpa1i1red. 

The method 

The enzyime prepara.tiion hy H o f f - J o r g e n s e .n and 
L e h m a nn does nat contain fuma;ras e. A pig's heart 101f some 
250 g i1s put thrio1ugh the gdnder fi:ve tiime1s, then .it ,i1s rinised twice 
for ten minutes with diis tilled water, and finalily ground half 
an hour in a mortar wHh gfass ,gdt amd a successive addition 
od 2X 10-2

• M Na2HPO„ That hash r::s cooled fo.r an hour to 0°C. 
It 1s cent:rifuged, the sedliment diiscalt'lded! anid wateir added to 
the Hquid to treble its volum. 0,5 M sodium hydroxyde is added 
untli[ the pH iis 9,5, the Hquiiid ilie1ft sitamidi!111g fo1r haJf ain. hou1r a1t 
voom tempe,ratu1re a1t1d is 'ihen pire.cjip!iitafad! with 0,5 M 1suil:phurk 
acid until the pH is 4,3. After being centrifuged the sediment 
is suispended iin 50 ccm ,of M/15 Na2HP04 • The c.o:enzyme allld 
parts of cytochrome c are rinsed aut. As the preparatiion lacks 
fumarase, the fumaric a,c'ild cain niO't 1:~1duce the fomliation o& 
oxafa.cetic adi,d which, ow:iing to ~t1s heHe1r ad1S1oripti1on of the 
succhrodehydrogenase, iinhibits further oxidati1on of the succinwc 
a cid. 

Investl'.igatiions on the activity o& sucdnodethydr~geina.s.e we~e 
carried out accord~n!g a fost hy L e h m a nn 'iln T h'u n b e r g
vacuum tube,s at 40°C. ' 

enzyme s·o.J:ution 
sodiiUm succiinate 0,'2 M 
methylene-b.lue l : 5'Qi(}.O 
phosphate 1buiffer M/ 15 pH 7,4 
disti:lled w.ateT 

0.2 ml 
012 ml 
0,5 ml 
l ,i() ml 
0,6 mi 

The decolouriisin:g tinieis were 9-10 minute1s, according to 
the prepa'ratiiom. A similar tesit tO'r prnving the P'resence o,f 
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fumai:a-se wa1s .carr:ieid out after Q u a ste 112) with a polarimeter. 
The te sit c10I11sists of: 

enzyme sol1utilon 
sod'ilum fiuma1rrute 0,41 M 
phiosphate buffor M/ J,5 pH 7,3 

3,0 ml 
1,-0 mi 
1';0 ml 

This mixture r·emains for 'One hour in a wate,r hath 'at 37'C, 
aifte,r which 1 ml of glacia,l' acetic add aJilld 10 ml ,of a 14,2 p. ·c. 
soluition of amm1oinium mol)71bdate are a1dide1d aind filtered. The 
clear filtrate i1s pu1t intio1 po1ia,rimeter tu;be,s Of 2 .chn. As a source 
of Hght serve:d a s~odi.ilum-lamp. lf tihe enizyme s·o.luiti1on doe.s n1ort 
contain fumrura1se, the 110tatii0n ~s 0,00 ± 0,05°. 

The prepa•ra•Ho·n by K e i l !i n anid H a rt r e ei) diffe,rs from 
the aibove meln:ti1ooed by the cir.cUltnlstaince tha1t the haJsh from 
ground muscle is not wa1shed and the preparation is carried 
out with atn a:cetafo buffor 01f pH 4,5 . The ·enizyme s•oJwtion 
contai111s along with the 1succinodehy,drogena1se aLso cytochrome 
oXJildaise, fuma:raJsie, cytochrrome1s, a-glycerophospha:teidehydroge
nase, maihco1dehydirogenruse and s1o:me l:acticodehydro1genia1se. At 
0°C i1t keeps its actiV:irty for sevenl weeks. The activity was 
ailso tested by L e hm a 111 n aJs .diescribed e1arlie1r. 

' The experiments were ca~rie1d out in T h u IIl b e r g-va.cwwn 
tubes at 40°C, anid by W a r b u r g' 1s manometric method. The 
measurements gave identiical vallues wHh and without sodium 
hydroxide for the absorption of carbon dioxl:kle, and in later inve
stig,ati10i111s 1siodium hydl'oxiide wa1s omitted. The v:ailue1s for ait.ebrin 
are g~ven as fiinrul cOIIlcelfllkai~irons fott" the einitire cionrternts 01f the 
W a r b u r g flask.s .. 

The r.esults 

S u c ci n o d e h y d r o .g e na s e. The oxidrati1on ahfil1i:ty of 
sodium succinate was meaistir.ed afte1r Le hm a nn' 1s test in 
T h u n b erg - vac'lllum tuhe,s1. As the yellow colrou1r o;f ate:briln 
aidde,d 'to me•thy.le1ne blure g±veis a .gree1n coliou1r, the time ineeded 
by the green colour to become yellow wais measured and com
pared with controls w'.ithout the addition of methylene blue. 
The enzyme siofot:iio1I1 c·ointrumed 2 ml 1of the prepara1t!iloin anid 1 ml 
of 0,5 M 1sodium sucdnate s.olutio111. As seen from Table L ate
pri;\n 1diid Illort influence any of the prepaJrait:iion:s w~thi.n the time 
needed for de:colouriising of the m1e1thylene ,blue. 

From results 1give1n ilil Table 1 we 1s:ee, that the sud~i0dehy
d11oge111iais•e does ni01t corn1t1atiln the fl,avfo compon,enrt W:i:th wthich 
a'tebdn neerds to compete rund sio i1t dioeis not proJ0111g the re
ductiion tilrne 01f merthylene blue, 
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Tahle 1 

Pre;parart:ion by 

-----
Hoff - Jorgensen 

KeiHn amd Hart<ree aind L e h ma n n 

without 

I 
with wiithout 

I 
with 

ateibrlin ateb11in I atebmn atebl'in 
I --· ' mitn. I mlin. m'.lll . min. 

9 ltO 8 8 
11 I 1tO 7 7 
11 

I 
111 8 7 

8 9 8 8 
liO 9 9 11 
12 I 11 1'1 12 I 

I 
11 I liO 9 8 
10 11 9 8 
11 I 11 I 7 . 7 

i --··--!_-------~---9 ____ ! _______ !. ______ . __ _ s _ 
W,2 I 10„1 I 8,2 I 8.4 

S u cd no xi da s e .s y s te m. The aJCti!vi1ty of this s-ystem 
Wta1s in:vesti,gated using W a r b u r g' s manomet:ric method, As it 
is shown in Tahle 2. the consumption of oxygen has considera
bly diiirniin:ilshed by the adid~tiorn of a:tehdn ~n a fi!llal oOltlcen.
tration of 1 x 10-s M. 

The tab[e show1s that the oxy1gen consumption of succino
xida·se systeim Ls (ln:hriibited by at eh1fo . The preipar.aitions of the 
enzyinre were maide accord:iin1g H o f f - Jo r g ·e n is e n and Le h
m a n 1n6) ain1d acoo1ridimig K e i 1 :i n an d H a rt r e e7

). Each flas1k 
contame·d 2 ml of the enzyme prepaira1t:iicm, 1 ml M/15 of the 
phosphate buff.er prH 7,4, 1 ml of atebrin in the final concen
tration of 1X10-s M di·ssol;yed in the rphosphate buffer of the 
same c1on.centra•tio.n and pH 7,4, a·nd iin ilhe ,s!itde arm of the 
fLaisk 1 ml 0,5 M siodiutm su coiina:t.e. Re.a•di'lng1s aTe · made eve·ry 
15 minutes .. G<t'seours :pharse: air. Temperature 40°C. 

The re1surlt1s show the avera.ge values of 18 equal. experi
ments with prerparatirons of the enzyme ;p11e1pared in the same 
way. H a a s5) has shown that aite:brh:i, iillJ oon1centra;tLolili o.f 
1X10-4 M inhibits cytochrome oxidaise for about 60 rp. c. using 
p -phenylend!iamiine ais a .~uhstraite at 25°C. H ascorhic aceid i1s 
a·diderd to the en:zyme prepairatiron a:s a suhstra:te, the :iinhlbi1tion 
of the oxygen cornsumpHon ll'S'~ng arte!brin ciourlrd n.ot be ohserve.d 
in conc.entraHons menrHonred a!hove. ln H a a s5

) the s~stem 



Ta hl e 2 

P1repa1ra:fam by 

H o ff - J 6 r g e n,s e n 
Ke 1Dli•n aind Hartree and Le hm a nn 

without 

I 
w~th. without 

I 
wtth 

a.1ebriin a.tebr1iln aitebr,in a tebrin 

cmm oif o-xyg.en ccmsumpttiolll1 

aifter minutes i 

15 42,3 121.0 38,7 13,5 
30 98,6 45,1 81,0 2<0,7 
45 153,5 87,1 1128,6 50,4 
60 198,9 10i8,l lf78,8 91,9 

Per cent 
of filllaJ 0,0 45,6 o.o 419,1 

inhlbition 
- ·--·--- -

of cytochrome oxida:se - cytochrome c 1=is .not ·inhiibited w±th 
atebrin and the cons1UJmp1t±o.n of o•xygein :i1s proportional to the 
ooncentration ·of cytochTome c. Thiits hars been prove:d a111id H 
wais found that atebrin w:as nio1t ~ble to 1:lnhibit the oxidiation 
of aiscorbic add w:Hh enzyme preipa ratfon,s beca:uise the cyt:o
chrome concent!'.a1t'i1on rema:ine1d coITTJsta1nt where1a1s cytochrome 
its.eH cannot be inhilbi:teid. Thi1s wouM in1di1cafo that a·tehrin 
ent,ers into a componen:t .o,f the su:ccim1oxidia1s.e syiste:m which t:is 
placed between the dehydrogena1se a1n1d the W a r b u r g -
K e i I i n system. 

It was endeavo1ured to filnd ouit, whethe1r this cormponent 
forms a .flavin enizyme, by a;dding riboflavin. According to 
H a a s5

) atebrin con1ctt11s with r1boflavin:, replaces it and thus 
d1s,rupts the chain of tnmsfor of hydrogen tllpOin oxy,ge;n a.ct:iva
ted by cytochrome ·oxida1s1e·. By ardidirnig chem:icaUy pure r.ibo
flavin the inhibitory action cou1d not de,vefop, i. e. the · inhi
b '.!tory actiion wars dimiini1sihe:d ars 1sihown on Ta:ble 3. We se:e that 
fla;sks with atebrin plus riboflavin 1demonstrate an fohibiKon 
about haU smaHe:r than irn Hasks w~th a:teihrin, afone. 

Table 3 show;s the protective adion of riboflavin on the 
atebrin 1inhib:Hion .of 1su,cc:in1oxidruse s,ysteim. The prep1arat~0ins 
wel"le made accordiing to H o f f - J o r g e n s e n and L e h m a n n 
and accordilllg to K e i I l n a'tlld H a rt r e e. Each :ffask contained 
2 mi of the enzyme preipaa-ation, 1 ml M/15 ·01f the pho,sphate 
bu::ffer o:f pH 7,4 and the c,ontents il!lJdicafod iln the final oon
cen1tration. The si.de a·nn of the flais.k ci0nta!ine,d 1 ml M/2 &oidium 
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sucd~nate which afte·r !i1ncuha•tiio!ll 10,f fitfteein milllJl.Lte,s wais poure.d 
into the flrusk. Gaseouis phase: air. T1emperature 40'C. Readings 
eve•ry 15 minutes. 

I 

Table 3 

Prepair.ati1orn aHer I 
H oJ f-Jorgense.n K e i ·I i n .and H a nt 1r e e 

~nd Lehmann 

l 2 3 lri. 2ri. I 3ri. Wi th 1 ml With 1 mi 

With ! mi 
o! a tebrin of atebrtn 

With.out l X l0-3 M With 1 rol i i X l0-3 M 
of atebrin Without 

of ate~rin and 1 mi of atebrin l X JO-" M. 
and 1 m! o! a tebrin 

I 
ri boflavin l X lO- M \ ribo flavin 
0.,3'< 10-3 M 0.,5 X l O-' M 

I cmm 01f oxyge.n consumptiiio~ 

:-ifter 
Jninutes 

1:5 38,7 1·2,6 12,3 30,2 14,1 1:3;2 
30 80,6 21,() 3i7,8 ~0,2 2'4,0 21.,3 
4!5 1129,5 52,2· 69,J 148,1 60,0 78,1 
60 1!8<1.,2 93,.0 1'314,5 1194,0 1!01,3 1'418;8 

P er cent I of fina! 0,0 48,7 25,8 0;0 47,8 23,3 
inh ibition I 

Figure 1. shows clearly the increase of oxy.gen consumption 
through aidditiiollll .of dboflavin. We 1see besides that rnstitution 
of oxygen corusumpHon id:ll!riing the firs•t 15 m!:lniu.tes ~s. e(ither 
di::minutive or nonex.i·sting but that it increases rapidly during 
the la:st fifteen minutes. 

The experfonental re.s1u1ts 1show:n in H1i1s paiper poirut -out that 
atebrin in it1s final c-onicentration 1X 10-s .M is abl1e1 to inhibit pre
pa1ration:s of succin:odehydl'o.genase r·espective a su.ccin1oxidase 
sy.s.tem pre:pare·d afte1r K e ili n and H a rt r e e7) an:d afteir 
H o f f- J ć:i r g •e ns e n and Le hm a n n6

) . The•se re•s.uits colHde 
w1th the stabe1ments of w r i g h t a n d s a bi n e15

) who have 
experimente·d w:i'th bit.s .of tiis1slll!es and have oibta'ineid re·siultis 
which show that ateb.rin could not inhibit the oxidation of suc
dna;te. The oxi•da.ti-on of .a.scorhk acid ais well a•s the reductllon 
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time of methylene blue remainis unchanged by atebxin, s1howing 
thuis that the succinodehyidrogena:s.e andl cytochrome oxiida.se 
system remain unimpeded in their funiction in ispite of the action 
of atebrin. As the inhihiton in these caseis was 40-50 p. c. i;t 
wou:Ld 'corre1spond acc,011dinig to H a a s to the values. fouind foa: 

cmm O, 

200 

150 

100 

so 

I. 

, , , 

, 
p 

, , 
/ , 

Fi,guire 1. 

/ 

, 
/ 

/ 

, 
/ff 

"15 

/',~ 

60 !1inu!e,s. 

COtn&umption of oxyg.en acomding to Taibie 3. The fillU 1Hine marks the p.re
pairatiJOIIl accordi.Jng to H o f f - Jo ·r g e in s e n aind L e hm a nn whereia's 1he 
dotted liine g·ive•s us the prepa•ra.tioin after K e Q 1 1~ 1n and H a r t r e e .. The 
numbers conesp·o1nd to the -iindi,caited co1lumn1s in the aibo,ve ment'to1ned table. 

the atebrin inhi'bition of fla;viiln en1zyme1s. The pl1a1ce i0f actiioo 
of atehrin be1ing 1n a liin1k between succinodehydrngenruse and 
the W a :r b u r g - K e i 1 i n s1y1stem, it would follow that tMs link 
should be the flavin ern1zyme. H a a s5) has cJleimolilis1traited om iso
lat'e'd enzyme 1system that atehdn concu11s with the prosthetic 
grorup of the fla~i1n en:zyme, arn-d ais. the experi.1men1ts1 quo>te1d aihove 
show, there exists a simifar oon:dition in the succinoxidaise 
system aliso, as chemically pure riiboflavin W:as ruhle to dimini1sh 
for about 50 p. c. the atebrin inhl:bition. K u h n an.d R ud y9

} 

have ~ready 1shown that riboflavin a'lone 1posse1sses a ·ce'ftain 
cataltytic a:ett!lvHy, ais ha's been shown at ·the begiit11nd.1111g of the 
experiment, but a1t the en1d of the f1i111st hou1r of •tihe id:rnrati1on 01f 
the e:xiperimen:t· there i·s an oqvfous incl'leia,se of the catalytic 
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acHvity ·of 1riho.flavin, probably because the 1restinig in the tissue 
de<Veliopeis phosphorylaHon of ribofla~in thus forming the ori
~inal prosithetic group. 

Summary 

The atebrin i1nh:iMti1on of succirnoxiida,se sysfam a1t the level 
of a: link placeid between the cytoch110me oxiJdaise syis.tem and 
st~c.ciniod'ehyd:rogen.a1se i1s 1show1n. Thi1s .inhiiMtion calll he r1estiitu
ted by a.ddinig riboUavin. From these observations it follo.ws 
that w'Hhin the •SUtccirnoxiidruse systeim a:teibrin also compiete1s 
wi:th the riho.flavin-phosiphoric aci1d, i. e. with the prosteHc 
group .of the flaviin enzyme. It is, conclud:ed tha1t the s1u.ccino
xidla1se sy,stem oonta:in:s the flaivin enzyme a1s a comp101nent in the 
oxiidatiion ·of the Siuccinic acid. 
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IZVOD 

Djelovanje atebrina na sistem sukcinoksidaze 
I. Konkurencija između atebrina i prostetske skupine flavin-enzima 

u sistemu sukcinoksidaze 

Nikša Allegretti 

Brema A x e I r o d - u ~ suradnilcimat. 2, 3, 4) sma1rnj1uje se u tkivu 
štak o.rn k o:ncen traciija k1sant1noks•:1da:ze fu oksiirdaze d -amhl!O: kisdiina, a:ko 
su s.tavljeni na ·dijetu bez 1r ilboiflav·i1na. On1i s u na1š1l i t•O, da se ·smanj<uje 
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aiktiV'IllOSt S•iistema suik:CiQl Oksi1d1a1ze, tie SU zaklj1uč i1Ji , d.a je ib jedna karika U 
g-0ir!nj'em s1istemu iH patk, da je sama suikcin1odehiiidraiza flavi111-en:tim. 

Gornju pretip,ostavlm pre'ispitail~ smo služeći. se nafa.z.om W r ii g h t i 
S a: b 1i n e15) ite H a: ai s-.a5), id a aite1bri'l1! ~w,rnkmirai sa ·p r.01S1tets:kom skwpinom 
fl av.in-en:zima, 11.11la1Z1n na njezill1i0 mjesto 1i prekidai 1ko1ntiruuiteit llrnr·i'ka u lancu 
oiksid at '.:vnih enz ima'. I ako s u w · r i g h t i· S a'h i ne našili, da je -0ksi1daci1ja 
jantrume k iselin.e u tk:ivu os ta la rneo.štećenm , ip•ak smo pir-0veJ1i' ·iispiti.vanja 
li ovoim smislu služeći se pTilpra•vc:iima e:n:zim a p r.ema H o ,f f - J o r .g e n s e n 
i Lehmann-u6), te p l'e ma Kdl .il in ·n H.artree-iu7) . Op~sruno jie doibd
Yanje pri•prnvak.a i od·r·eđliv,a1nje nj1i1hiovhl1 aikiti!Vi!lJ()st:iJ p.o Le hm a nn -u. 
Sttkci1node\lidir.a1za je ispi1tana L eh m a n n-01Vom meto dom u T h u 11 -
b e r g-ovim va1kuum-cjevčkama , te je na:đ.eino da• aitebr.in ne 1p.l'oduljuje 
vrf.ijeme odbo·jadi'sanja met,iJJ.enskog plavHa, što se vtd:il ;j(Z ta1bele 1. 

S:iistem s1uikcinolk~iid:a!Ze je !iJspitan W .a r lb u •r g-01v101m manomeit:.11i.čkom 
metodom, pa se je v:iidj•e1lo,, da je po.tmšnj.ru kiisitka ko d o bih prepana1ciljia. dnh:il. 
bira!Ila. za i45~500/o ko d konačne koncenit:raoj.je atebrina od I1X10-3 m. D a 
se ne radi o unh'.ibi.cij'v djelovain1j.a dtokrom-101k•s1udaze ni c.iitokmoima c p.oka,. 
za1no j.e t i:me, što Je oks1idacijoa asko·rhiin slke kise l:iine ostar1a1 nelO~t.ećena dje
lovam;jem .atebriiJl.ai (Taibela ·2) . Do:daiva:nj.em r iboofla•virnru (kemi jski č.isrto.g) 
li ko,ncerntraoijii' -0.,5'X llOl-3 m ·uz . at elb1r.in, p,O•ve.ćaina j e ponovno potr-0.šnja ki 
s'ika za oko 21513 .JJ<rem a O!IliOoj k od djclo.val!l}a afobrilna. (T.a1belar 31).. Iz go•r
nj eg se m rnže zaiklju.či:ti, da se u sis.temu s1ukc·i1n10ks.id,aize inala~i jedna ka
rika, sa k o jom .atebnitn k•o1nkuri.ra .i koja se na!la:z;i iizmeđ.u s ukcfawidehidr.aize 
i W a ·r ·b u .r .g-:Ke.iliin-01vog s~s tema1, nada[je, d at je u a111Ja~og~j .i' s a p-rona
Laskom H aas-a5) 1gorinja ika·riika fl.avi•n-enz·im , jer se n•j t'1gova alkcija dade 
obin.o·viti sa r i1oof1:wimom (SI. 1 ). 

ZA VOD ZA FIZIOLOGIJU 
;\'fEDICINSKI FAK ULTET 

ZAGREB P ri mljeno 2'3. prosinca. 1948. 
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