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1. Introduction

[34{4-bromoacetylpyridinio)-propyl] -adenosine
pyrophosphate and [3~«3-bromoacstylpyridinio)- pro-
pyl] -adenosine pyrophosphate-inactivate alcohol de-
hydrogenase from yeast and glyceraldehyle-3-phos-
phate dehydrogenase from rabbit muscle, forming a
covalent (coenzyme—enzyme) bo’nd [1. 2}. The sup-
pression of the inactivation reaction in the presence
of either NAD¥ or NADH as well as the opiical beha-
viour of the inactivated enzymes reveal the attack of
the inactivaior at the functional coenzyme binding
site.

2. Materials and mieﬂa@ds

- Enzymes and coenzymes. GAPDH 100 Ufmg was

prepared from rabbit muscle [3}. YADH, NAD* and - B

NADH were purchased from Boshringer and Soehne,
Mamuheim; [methyl-14C) 4:acetylpyridine was syn- -

thesized by modifying the method of Kartritzky [4]. -

168 mg [2-14C] ethy] acetate were dissolved in 5 ml
;Tetmhyﬁmfm&mg and added to a mixture containing
2ml iehahyﬁrofmanz 65 g sodinm, 0. 4 ml ethyl

‘isonicotinaie, and 0.09 ml ethanol. The nnmure was St

refluxed for 17 hr. Afier cooling 4 mi of 6 N HCY

Were adﬂeﬂ and the who]e refluxed for 4 hr. The cold '

soki aiion was extmcied with 2.X 50 m] &ﬁmez Potas-
sium carbonate was added 10 the agueous. mlhimn
':aml :the alkalme spln@on rexhacted WJTﬂ’l 4 X 30 m} -

3{4»acetryﬂpyﬁdiﬁi0}pmpﬂ phosphate were pregiar«ed
as described previously [2], and condensed with

500 mg adenosine-S-phosphoromerpholidate in

freshiy distilled o-chlorophenol 5] . The purification .
of the coenzyme analogue and the nreparation of the -

- inactivator were described in an eazlier paper [2]

{Yield: 84 mg, specific radioactivity 2.3 mCifmmole).
Bromoacstylpyridinio-propyl phosphates were pre- -
paz‘ed :fmm Ithe acety!lpyndmm compmmﬂs by ammsm :

CwHBNB‘OSP x HBI (}m@i wi: ,4ﬂ9 @2)
calculated: 28.66C 3.37H 3.34N 38.14Br 7.392.
found: . 28.65C 3.37H 340N 38.08Br 7.47P.
For the p:reparait:@n of 3-{3-[2-acetymido- 2-carbo-
Xy emyhmerﬂapfo}aceﬂyﬂ pyridinic} proepyt p}amsphate
2.99 g 3{4-bromoacetylpyridinio)-propyl Dh@x»'i:ha&e'.
were dissolved in 4 ml water and 0.82 g N-acetylcys-
teine was added. After 3 hr standing at room temp. -
the sn]uizé;a was fractionized by column-chromato-.
graphy on Dowex-30W X8 (200 — 400 mesh, H*-

Fform 2 X 30 cc;“n) by slution with water.

- The compound was collected after elution with .

. 1.2 1in 600 mi solution. Tns solution was acicified

wmth 2ml acenc acid and evapma&ed By addition of 7

“a-etone 1. 3 E of an amoxphous yzellow pmduri pmm-

pﬁaﬁeﬂ

Yhoh. 45) .
cmcnlaied 40. QEC 3 4213 5, é‘PN 5, ZSP B. 435
fmmd ~ 40, S@“C 2413 S A3N 6. 5P 6475 S

" _‘ :'-'I’.?Eane same meﬁ;od was used o pxepare ihe isomeric. .
- compound fmm 3—(3—bmmnaceﬁylpynﬁmm}-pzDpyl o

‘phosphaie i :

. foond: -

'4079(: 5,651 552N 6.02P 6.



'v.bme 33, fmz'mbei 2

The oxidation of 3- {3 J(Q—meiamxﬁb-z-caﬂmxy—
- eﬂayhnen:apto)—ace tyl] | -pyridinio}-propylphos:

1 phaie and its isomeric comp ound was perfameﬂ at pH B
8.0 and 25°C. The 1eaction mixtures were sepamied by

| msmmns i

e A’;_zgnsl .13(973?

L panson nahve enzyme was dﬂmed in The same way
~and spemﬁc ac‘tmty sof ’tmth enzymes measured aﬁer
":24}11. S , : , R

,paper Blectmph@:rems atpH1.9,4.7and8.2. Inall three -

cases one of the oxidation productsconld be identified
by companson with carboxymeihyI»N-acefyl—cyste1nﬁ
“which was prepared according to a method of Karrer:*

{6]. For the modification of GAPDH and YADH the

suspensions, «nmmammg 100 mg enzyme each; were
centrifuged and the precipitates dissolved in 10ml .
0.2 M phosphate buffer pH 6.5. To 5 ml of each en-
-zyme solution 4 mg { 18.u2C1) [3-(3-bromoacetylpyri-
dinio)-propyl]-adenosine pyrophosphate or 4 mg
(8.3 pCi) [3-{4-bromoacetylpyridinio) pmpy]] -ade-
nosine pymphosphaie were added. At 36°C the enzy-
matic activity of all enzyme solutions dacreaseﬂ to
<108 within 30 min. Hydrogen peroxide oxidation
and total hydrolysis of the modified proteins were
perfmmed as described previously [7]. Each amino

acid mixture was dissolved in water and separated by

‘paper electrophoresis. To investigate the incorporation

of the inactivators in GAPDH and YADH 8 mg of
each enzyme, dissolved in 1 mi of 0.2 M phosphate’
buffer pH 6.5 at 36" C, was treated with 0.5—-5mM
radioactively labelled [3-(3-brom oacetylpyridinio)-
propyl] -adenosine pyrophosphate or [3-{4-bromo-
acetylpyridinio)-propyl] -adenosine pyr@ph@spha:te

The decrease of enzymatic activity was measured and-

_the inactivation reaction stopped by addition of
0.1 ) of 0.1 M gysteine solution pH 6.5. The prote-
“ins were purified, radioactivity and protein concen- -
tration determined {7]. The dissociation constants

were evaluated according to Fahmey and Gold IB]
the pH-dependency of the inaciivation velocity was -

evaluated as prev:ously descnbed 2] Activity of
YADH (determined by the method of Vallee and
Hoch) and activity of GAPDH {determined by the.

method of Ferdinand) were measured by-the increase
,@f absorbance At 366 nm. Protein concentration: of

YADH was quantitated vsing the Biuret met thod [9]
GAPDH mncentratmns falculsaied from dry wel ghi

-and extinction [10]. -

Fm dlssccna’uon—reasmmatmn expemnems a &o]u— R

_tion 'of 9 mg inactivated GAPDH with 10% residual
actmty‘m 1 mlof0.2M phosphax ouffer (pH 6.:
lcontammg o5 ‘mmo}e III)IA was diluted -10-fold,

' 1he 'ame buffe‘ "Fox o m

3, Resu]is,anﬂ wﬂiscussibn E

Ai ﬁrsi Ihe :raaacnve coenzyme an’a]ognes fnm Te- ‘
versible ﬁehyﬂmgemase—omactwmm mmp}exess

- -these the reactive grovp of the inactivator may react

with a vicinal amino acid residue f@rmmg a covalent
btmd The dissoziation constant at pH 6.5 of the

S GAPDH complex with 3-{3-bromoacstylpyridinic)

propyl-adenosine pyrophosphate is 3 mM and the
Ky with [3-{4-bromoace tylpyridinio)- pmpy]} -ade-

- nosine pyrophosphate is within the same range. The

first-order reaction rate measured with the two inac-
tivators is 0.6 min—1. The inactivation rate of

GAPDH with [34(3-bromoacetylpyridinio)-propyl] - 7
- adenosine pyrophosphaie is dependent on the con-
~ centration of protons {fig. 1). The acetylpyridinium

ring is transformed into the dihydropyridine system
by treatment with sodivm dithionite 7). This form
of inactivator—enzyme compound shows the charac.
teristic fluorescence of reversible binary COENZYMEe—en-
zyme complexes [7]. The preparation of radioactively
labelled [[meﬂzy] 1“1LC] I3 (4-bmmfoacety]pymﬁmm)
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Fig. 2. Enzymatic activily as a function of i_nﬁmpmamﬁ 13{4;
bromoaretylpyridinio)-propyl] -adenosine pyrophosphate in-
to 1 subunit of GAPDH (o) and YADH (#}. Abs.: pmole inac-

tivator fjumole subunit enzyme. Ord.: enzymatic activity [%].

pmpvl] -adgno:sme pyrophosphate was pf:rfmmed as
shown in the foi]myymg scheme:
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[[3 (3-}3mm@aceiylpyndmm}pmpy]} -aﬁen@smfe :
pyrmph«o;sphaie was synthesized with Jearbonyl-14C} -
3-acetyl Ipyridine as.the primary compound [7}. The
use of the two radioaciively labelled inactivators-
shows that the incorporation of 1 mole of the analo- =
gues in 1 mole subunit YADH {(mol wt. 37 50@) leads
to complete inactivaiion. GAPDH is completely in--

aciwated aﬁmr mc@momtmn of 0.5 mole of either of o

ihe macmamrs in 1 m@]e subunit (mol wi. 37 :«DD)
(f ig. 2). bk
'There are- on]y two @f the mu:r bmﬁmg snes oL
'jEupEd by ﬂue inactivators but we weze not able o
'_reco‘gex a:n;y enzyfnahc ac&xv;ﬁ:y by ‘reatmem of ithe -
enZyme—Coenzyme: compounds under conditions us&ﬁ

__fm dlssmahon and reassacmnon of thu :nahws em'ym E
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e found unly m&e spo: m}nch Was dyeﬁ wxﬂ: nap‘z-

thalenie black B and which contained the total radio-.
anmmy In order 1o 1dem1f} fme aJkyEaiEd anito aﬂlﬁ ‘
it was necessary to split off the ionic parts of the co-

: enzyme muodel, because the properties of amino acid—
- COBNZYME & Dmptmnﬂs 1 repared from ﬂmexem amino -
 acids'are aearly the samie. Treatment with hydrogen - -
'pemmdes removes the dinucleotide part from the 7
~ protein. The loss of mdmaciwny is 40% when [3-{3-
i hmm@mrety]pynﬁanm}pmpyﬂ] -adenosing pyrophos-
- phate wes used for inactivation, and is 20% when the

enzymes ware inactiveted with the isomeric 4-bromo- 7
acelylpyridinio ‘compound. mererem_aﬁy the cleavage

- takes place between the aceiyl residue and the pyzidi-

nium rinz. Model compounds prepared from N-acetyl-
cysteine and 34{4-bromoacetylpyridinio)-propyl phos-
phate or 3-{3-bromoacetylpyridinic)-propy! phosphate
are oxidized by hydrogen peroxide forming S-carboxy-
methyl-N-acetylcysteine. The 4-substituted pyridini-
um system yields a 4-pyridone; oxidation of the iso-
meric compound probably leads to a hydroxypyri-
done system. YADH was treated with [3-{4-bromo-
acetylpyridinioypropyl] -adencsine pyrophosphate;
GAPDHYH, with both inactivatoers. After oxidation the
proteins were hydrolysed. -

Paper electrophoresis of the resulting-amino ac.d
mixtures at pH 1.9 and 6.5 shows only radioactively

~ labelled compound with the same migration rate as

S-carboxymethyl-cysteine. [3-(3-bromoageiylpyridi-

- nio)-propyl] -adenosine pyrophosphate inactivaies

YADH by alkylation of the imidazole moiety of a

" histidine residus [7], whereas the isomeric 4-bromeo-
. acetyl ccamp@mnd alkyllates al su]ihyﬁnﬂ residue of this -

enzyme. The activation of the functional group in the
YADH-NAD* cmplex involves both amino acid resi-

-dues: "I’he histidine shonld be nmghbmmeﬂ 1o the ni-

trogen atom of the pyridinium ring and the ¢ sulfhydryl

-group 1o the varboxamide function. In the case of

- GAPDH bmh maciwamrs JIEB’L‘I Wil'ﬂ’l snlﬂaydryl Tesi- -
= "cﬁues

- ,Re'lfarem:es o

'__ﬁi] 'Woezmkhan,s, C. Z@h@bxozkn, M. and Bexghaﬂse:r 3 {19?@)

Hoppnﬁey]m s %Z. Physiol. Chem. 351, 34413

1{197"’) Hoppe—‘Seyle s



Volume 34 numbe.z, _‘ } = "'j' :i"_l FLBSLETTERS R

[[3] Ferdmanﬂ w I 964) BmchemmJ 92, 578 -

-14] Kartritzky, AR (1935) J:-Chemn. Soc: 3, 2586. :

'ﬁS] Moffat, 3.G. and: Khmana H G., 11@51)3 Am Chem '
-Boc, 83,649, -

18] Karex, P. and Amﬁn,*fa. o nso) Helw. mmn. Acta, 33

[[9] Bmsenhm, B:., Bonz H_J,,'Bu x: .
“Garbade, K.H;, Mayer—Axenﬂi B ami Pﬂememr, G

- {1953) Z. Naturforsch, 8b, 555. .
2020 A 110] Pox. J.B, and Dand]ikar, ..B. {19;56)3 L"Bml Chem
l"’} Woam;khaus, c., Zonomoc]n,m Bzxghame:,J and Jeck, . 2221 1@05- :

SRS 'U 973) Hoppz-Sey]er S Z Physml. Chem 354, 5‘.1)




