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S t a b i l i z a t i o n  o f  M o u s e  B r a i n  G l u t a m i c  D e c a r b o x y l a s e  

A t t e m p t s  to  pur i fy  L-glu tamate  1-carboxy-lyase,  EC 
4.1.15 (GAD) f rom mouse  brain,  a r ich  source of this  
enzyme,  r epea ted ly  had  m e t  wi th  failure in our hands  be- 
cause of t he  labi l i ty  of the  enzyme.  Studies  w i t h  the  c rude  
enzyme showed t h a t  the  GAD of mouse  bra in  is a sulf- 
hyd ry l  enzyme  and  requires  pyr idoxa l  p h o s p h a t e  (PLP) 
for ac t iv i tyK I t  now is r epor ted  t h a t  a combina t ion  of P L P  
and 2-aminoe thy l - i so th iuron ium bromide  (AET) can 
stabil ize t he  enzyme for per iods  long enough to allow 
par t ia l  pur i f ica t ion of the  enzyme z. 

E m y m e  pfeparalio~ used ct~d assay. Mouse brains  minus  
the  brain  s t ems  were r emoved  from mice kilIed by  cervicaI 
dislocation.  A 10% homogena t e  was made  in ice-cold 
0.25 M sucrose. A f rac t ion was removed  by  cent r i fugat ion  
for 10 rain a t  900 • g in a re f r igera ted  centr ifuge.  A 
par t icu la te  f rac t ion was sed imen ted  f rom the  s u p e r n a t a n t  
fluid by  cen t r i fuga t ion  for 15 min  at  17,400 •  in the  
No. 30 ro tor  of t h e  Spinco L-2 centr ifuge.  The pel le t  was  
rehomogenized  in 1/10 the  original vo lume of N2-gassed 
glass-dist i l led water .  Af te r  s torage for 20 min on ice to  
pe rmi t  osmotic  rup tu re  of part icles ,  t he  suspension was 
cent r i fuged for 50 min  a t  10,000 • The s u p e r n a t a n t  fluid 
conta in ing  the  enzyme was  decan ted  and a suff icient  
q u a n t i t y  of 0.1 M po tass ium p h o s p h a t e  buffer,  p i t  7.2, 
w i th  or w i thou t  Pro tec t ive  subs tances  was added  to  make  
the  buffer  concen t r a t ion  in the  s n p e r n a t a n t  1 X 10 -a M. 

E n z y m e  ac t iv i ty  was assayed by  a p rocedure  previously  
descr ibed by  ROBERTS and SIMONS~N ~ t h a t  depends  on 
the  evolu t ion  of ~CO~ f rom L-glntamic ac id - l -~C  unde r  
anaerobic  condit ions.  

Soluble p repa ra t ions  of GAD stored in solut ion a t  4~ 
in the  presence  of r educed  g lu ta th ione  G S H  a n d  P L P  were  
inac t iva ted  more  rap id ly  in the  l ight  t h a n  in t he  dark.  
B~ v i t amers  and B~ enzymes  are inac t iva ted  by  UV- l ight  
and  b y  sunl ight  a. The  apoenzyme  of GAD, as well as t he  
coenzyme,  m a y  be inac t iva ted  by  l ight - induced free 
radicals,  since large excesses of P L P  p re sen t  in t he  assay 
mix tu r e  failed to  reac t iva te  the  enzyme.  G S H  and  P L P ,  
b o t h  of which  are known  to react  wi th  free radicals  in 
solution, p ro t ec t  GAD agains t  inac t iva t ion .  Samples  were  
s tored frozen in the  da rk  and  pr ior  to  assay were d i lu ted  
5-fold wi th  solut ions of t he  same composi t ion  as those  in 
which  t h e y  were  conta ined  originally. Regardless  of the  

concen t ra t ion  of P L P  employed,  all of t he  samples  pre-  
incuba ted  for 60 rain a t  37~ showed a p p r o x i m a t e l y  a 
15% loss of ac t iv i ty .  However ,  increasing the  amo u n t s  of 
P L P  decreased t h e  e x t e n t  of loss of ac t iv i ty  dur ing  a 
4-day per iod of s torage in the  cold room. ~ q t h  2 • 10 -~ M 
P L P  artd va ry ing  concen t ra t ions  of GSH,  full ac t iv i ty  was 
ma in t a ined  at  concen t ra t ions  of G S H  b e t w een  1.3 x 10 -a 
M and  5.2 • 10 -a M dur ing  p re incuba t ion  for 60 min  a t  
37~ A p p r o x i m a t e l y  85% of t he  original ac t iv i ty  was 
ma in t a ined  dur ing  s torage  for 4 days  a t  4 ~ C in t h e  da rk  a t  
concen t ra t ions  of G S H  of 5.2 • 10-a ~4r and  above.  

2 -Aminoe thy l i so th iouron ium b romide  (AET), a radio- 
p ro tec t ive  subs tance  shown by  K~-z~, StrAPIR~ and  
DO~ERTY 4 to exis t  in neu t ra l  solut ion as 2 -mercap toe thy l -  
guanidine,  p ro t ec t ed  GAD s o m e w h a t  be t t e r  t h a n  iso- 
molar  amoun t s  of GSH (Table I). Por t ions  of a typ ica l  
enzyme  p repa ra t ion  were dissolved in 0.1 M po ta s s ium 
p h o s p h a t e  buffer,  p H  7.2, which  had  P L P  (1 • t0  -4 M) 
and  e i ther  A E T  (1 •  -a M) or GSH (1 • 10 -3 M). Ali- 
quots  kep t  on ice in the  dark  for 18 h served as controls .  
Samples  were  i r r ad ia ted  at  room t e m p e r a t u r e  in tes t  
tubes  for per iods  up to 18 h b y  an u l t raviole t  l amp  placed 
6 inches above the  surface of the  solut ions and  then  were 
s tored unfrozen on ice wi th  the  contro l  samples  unt i l  
assay. Ac t iv i ty  was measured  af ter  5-fold di lut ion w i t h  
0.1 M p h o s p h a t e  buffer,  p H  6.5, con ta in ing  P L P  (1 • 
10 -~ M) and  e i ther  A E T  (1 • 10 -a 2kr) or G S H  (1 • 10 -~ M). 
The samples  assayed in AET-con ta in ing  subs t r a t e  m i x t u r e  
gave higher  act ivi t ies  t h a n  the  comparab le  ones assayed in 
G S H  in the  un i r rad ia ted  controls  and, wi th  one except ion,  
a t  var ious t imes  af ter  the  beginning  of the  i r rad ia t ion ;  and  
those  p r e i n e n b a t e d  in  A E T  h a d  h igher  ac t iv i t ies  t h a n  
those  p re incuba ted  in G S H  a t  t he  cor responding  t ime  
intervals ,  w h e t h e r  t he  di lut ion pr ior  to  assay was m a d e  
w i t h  b~iffer conta in ing  AET or GSH.  
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Table I.. Comparison of protective effects of AET and GSH on mouse 
brain GAD activity 

Time of I~CO2 (cpm/assay) 
UV-irradiation �9 
(h) Preineubation AET b AET~ GSHr GSH a 

Assay AET GSH AET GSH 

0 5970 5526 5050 4740 
1 4895 4635 5172 4160 
2 4820 4155 3750 3305 
4 4518 3765 3216 2715 
5 3715 3345 2725 2185 

18 1596 1280 294 140 

* Irradiation was carried out with a Model R-51 Mineralight, Ultra- 
Violet Products, South Pasadena, California. b The final concentra- 
tions of AET or GSH during preincubation and at time of assay were 
1 x 10-aM. ~ The preineubations were carried out in concentrations 
of 1 • 10-3M AET or GSH. Prior to assay the samples were diluted 
1:5 with buffer containing GSH or AET, respectively, so that the 
concentrations during assay were 2 • 10-~M AET and 1 x 10-aM 
GSH or 2 x 10-dM GSH and 1 x 10-aM AET. 

Table II. Protective effects on GAD activity of 2-aminoethyliso- 
thiouronium bromide (AET) and dithioerythritol (DTE) ~ 

Treatment of enzyme 14C0~ (epm/assay) 

AET 

4x10-dM 8• 

DTE 

4 • 10-dM 8 • 10-4M 

None 1415 1348 1197 1172 

4~ UV, 2 h 1377 1533 1209 1160 
4~ UV, 4 h 1224 1286 1159 1057 
4~ UV, 6 h 1175 1279 1033 983 
4~ UV, 12 h 833 974 719 736 
4~ UV, 22 h 579 843 435 523 

The enzyme preparations were dissolved in 0.i M phosphate buffer, 
pH 6.5, which contained 2 • 10-4M PLP with other additions, as 
indicated. Samples were removed at the required times, frozen, and 
kept frozen in the dark. Assays were performed on thawed samples 
which were diluted 5-fold with solutions of the same composition as 
those in which the samples originally were dissolved. 
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I n  Tab le  I I  is s h o w n  a c o m p a r i s o n  of t h e  p r o t e c t i v e  
effect  of A E T  w i t h  t h a t  of d i t h i o e r y t h r i t o l  (DTE),  an-  

o t h e r  s u b s t a n c e  shown  b y  CLXLAND 5 to be  a s u l f h y d r y l  
p r o t e c t i v e  agent .  H i g h e r  ac t iv i t i e s  were  obse rved  w i t h  
A E T  a t  va r ious  t i m e s  of U V - i r r a d i a t i o n  a t  4~ O t h e r  
e x p e r i m e n t s  showed  t h a t  s torage  of t he  e n z y m e  in a n  
o p a q u e  c o n t a i n e r  up  to  24 h a t  4~ ill t h e  presence  of 
2 • 10 -~ 2Vf P L P  did  n o t  resu l t  in  a n y  loss of a c t i v i t y  a n d  
t h a t  A E T  did  no t  increase  t h e  a c t i v i t y  above  t he  con t ro l  
level. However ,  an  87% loss  of a c t i v i t y  occur red  u p o n  
s t a n d i n g  for 24 h a t  r oom t e m p e r a t u r e  w i t h  P L P  alone, 
a n d  on ly  a p p r o x i m a t e l y  25% less was  found  in t h e  pre-  
sence of 8 • 10 -4 M AET.  Likewise,  U V - i r r a d i a t i o n  for 
24 h a t  4~ p r o d u c e d  an  81~ loss of a c t i v i t y  in  t h e  ab-  
sence of a n  S H  c o m p o u n d  a n d  only  a 41% loss in  8 •  -~ 
M AET.  U V - i r r a d i a t i o n  of buf fe r  so lu t ions  c o n t a i n i n g  
P L P ,  A E T  or P L P  a n d  A E T  pr ior  to  add i t i on  of e n z y m e  
h a d  no  i n h i b i t o r y  effect  on  e n z y m e  ac t iv i ty .  

P u t t i n g  P L P  (1-2 • 10 -4 M) a n d  A E T  (1 • i0  -~ 7Vf) in 
al l  so lu t ions  a n d  use of opaque  con ta ine r s  gave  good 
p r o t e c t i o n  du r ing  va r ious  s teps  necessa ry  to beg in  purif i -  
c a t i o n  of GAD. The  a b o v e  c o m b i n a t i o n  also ha s  been  
f o u n d  b y  STOlq~R ~ to  be  h igh ly  effect ive  in p r e v e n t i n g  
loss of a c t i v i t y  of a soluble  p r e p a r a t i o n  c o n t a i n i n g  t h e  
G A B A  t r a n s a m i n a s e - s u c c i n i c  s e m i a l d e h y d e  dehyd ro -  
genase  sys t ems  f r o m  Pseudomonas fluorescens d u r i n g  ex- 
t r ac t ion ,  lyophi l i za t ion ,  a n d  p ro longed  storage.  

F r o m  spec t ra l  da ta ,  to  be  pub l i shed  elsewhere,  i t  ap-  
pea r s  t h a t  A E T  i tself  m a y  fo rm a cyclic d e r i v a t i v e  w i t h  
P L P  or m a y  be  a n a s c e n t  source of m e r c a p t o e t h y l a m i n e ,  
wh ich  fo rms  a th iazo l id ine  d e r i v a t i v e  w i t h  t h e  a ldehyde  
g roup  of P L P  ~. F r o m  i n h i b i t i o n  da ta ,  a th i azo l id ine  
l inkage  ha s  b e e n  p o s t u l a t e d  b y  ROBERTS, WEISr, and  
SIMONSEN s tO ex is t  in  GAD. T he  s ens i t i v i t y  to  d e s t r u c t i o n  
b y  free rad ica l s  of t h e  a d d e d  th iazo l id ine  complex  would  
be  expec t ed  to  be  of t he  same  order  as t h a t  of t he  ac t ive  
s i te  on  t he  enzyme ;  and,  therefore ,  t he  p r o b a b i l i t y  of t h e  
a c t i v e  s i te  on  a p a r t i c u l a r  e n z y m e  molecule  be ing  de- 
s t royed  b y  a g iven  c o n c e n t r a t i o n  of free rad ica l s  m i g h t  
be  less in  t he  p resence  of a g iven  c o n c e n t r a t i o n  of t h e  
complex  t h a n  in t he  p resence  of s imi la r  c o n c e n t r a t i o n s  of 

g l u t a t h i o n e  a n d  p y r i d o x a l  p h o s p h a t e .  P e r h a p s  t he  a b o v e  
t y p e  of m e c h a n i s m  could p a r t l y  help  to  exp la in  t he  
super ior  in  v ivo  r a d i o p r o t e c t i v e  eff icacy of A E T  and  
amino th io l s ,  in  general ,  w h e n  c o m p a r e d  w i t h  su l fhyd ry l  
c o m p o u n d s  no t  c o n t a i n i n g  amino  groupsg. 

Rdsumd. Le G A D  du ce rveau  de souris,  une  e n z y m e  
sensible  au  SH, p e u t  8tre pur i f i6  en  pr6sence  de 2-amino-  
6 t h y M s o t h i o u r o n i u m - b r o m i d e  (AET),  une  s u b s t a n c e  
rad iopro tec t ive .  AET,  qui  exis te  en so lu t ion  neu t re ,  corn- 
me 2 - m e r c a p t o e t h y l  guanid ine ,  p ro tege  les enzymes  qu i  
c o n t i e n n e n t  le S H  b ien  mieux  que  les q u a n t i t 6 s  i somolares  
du  G S H  ou du  d i t h io6 ry th r6 to l  (Cleland 's  reagent ) .  E n  
outre ,  il est  poss ible  que  I ' A E T  soft une  source na i s s an t e  
de m e r c a p t o 6 t h y l a m i n e  qui  p r o d u i t  u n  d6r iva t i f  de 
th iazo t id ine  avec  le groupe  a ld6hyde  de p y r i d o x a l  phos-  
p h a t e  qui  op~re i n d @ e n d a m m e n t  c o m m e  galeyeur .  Ce 
m6can i sme  exp l ique  la qua l i t6  r ad iop ro t ec t i ve  sup6r ieure  
de I ' A E T  et  des amino th io l s  in  v ivo  en compa ra i son  des 
subs t ances  qui  ne  c o n t i e n n e n t  pas  d ' amino .  
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N a c h w e i s  
b e h a n d e l t e n  E r b s e n k e i m l i n g e n  

Schwefe ld ioxid  is t  ein chemisch  sehr  r eak t i ve s  Gas, das  
im P f l a n z e n o r g a n i s m u s  viele  m e t a b o l i s c h e  Vorg/ inge be- 
e in f lus sen  kann .  Es  is t  b e k a n n t ,  dass  SO 0 die I n t e n s i t X t  
de r  P h o t o s y n t h e s e  e rn i ed r ig t  ~-3, u n t e r  a n d e r e m  als Fo lge  
de r  H y d r o l y s e  des Chlorophyl l s  zu P h a e o p h y t i n  *, ~. W e t t e r  
bee in f luss t  SO 0 den  Sto t fwechse l  der  Disulf ide  d u t c h  
d e r e n  ~rberf f ihrung in S -Su l foder iva te  u n d  SulfideS, 7. 
Auch  die Bee in f lussung  des Sacchar ids tof fwechse l s  d u r c h  
SO 2 is t  m e h r f a c h  bes t / f t ig t  w o r d e n  s-1~ Vor  a l l em wurde  
eine E r n i e d r i g u n g  des Saccharose-GehMts  b e o b a c h t e t  9-10. 
I n  unse re r  f r i iheren  Mi t t e i l ung  1~ wurde  fiber e inen  gleich- 
ze i t igen Ans t i eg  des Alan in-  sowie des Meth ion insu l fox id -  
Geha l t s  u n d  den  Rf ickgang  des G lu t amins i t u r e -Geha l t s  
be r i ch te t .  

SO~. r eag ie r t  im  wXssrigen Milieu in  v i t ro  m i t  Carbonyl -  
v e r b i n d u n g e n  (Aldehyde,  Ke tone ,  Ketos~turen) u n t e r  
B i ldung  v o n  B i s u l f i t - A d d u k t e n  (~-Oxysulfons/ iuren) .  
Diese V e r b i n d u n g e n  h e m m e n  die e n z y m a t i s c h e  O x i d a t i o n  
des Glyko la t s  u n d  L a k t a t s l a ,  1~ u n d  Glyoxa l -Bisu l f i t  
h e m m t  die CO2-Fixierung 1~. Die E n t s t e h u n g  dieser  m e t a -  
bol isch a k t i v e n  B i s n l f i t - A d d u k t e  im P f l anzengewebe  
k a n n  ve r sch iedene  S t 6 r u n g e n  des Stoffwechsels  zur  Folge 

der B i s u l f i t - A d d u k t e  ( a - O x y s u l f o n s i i u r e n )  von  C a r b o n y l v e r b i n d u n g e n  in den  m i t  SO 2 

h a b e n  und  wir  h a b e n  die even tue l l e  B i l dung  dieser  Stoffe 
in  vivo,  u n d  zwar  in  Keiml ingen ,  die m i t  SOe begas t  
wurden ,  n ~ h e r  verfolgt .  

1 M. D. THOMAS, P1. Physiol. 10, 291 (1935). 
2 G. R. HILL, P1. Physiol. 72, 309 (1937). 
a H. W. de KONINO und Z. JEGIER, Atmos. Envir. 2, 321 (1968). 

W. DORRIES, Z. PflKrallkh., PflPath, PflSchutz 42, 257 (1932). 
5 j .  M~3LLER, Naturwissenschaften dd, 453 (1957). 
s S. G. WALE'Z, Biochem. J. 77,132 (1959). 
7 L. BALABAJEVA und i. GAN~EV, Cslka hyg. 12, 376 (1967). 
s p. R. MILLER, F. W. COBB JR. und E. ZAVARIU, Hilgardia 39, 135 

(1968). 
9 S. BOERTITZ, Biol. Zbl. 83, 501" (1964). 

10 I. SPALEN'2, F. GODI~ und B. MA~AN, 5th Int. Congr. Bioehem., 
Moscow 1961, Abstr. Commun. 333. 

11 S. BOERTITZ, Arch. Forstw. 78, 123 (1969). 
12 j .  KogTi~, I. MACHA~KOVA, V. JIRK~EK und E. BUC~AR, Experientia 

26, 604 (1970). 
13 I. ZELITCH, J. biol. Chem. 22d, 251 (1957). 
1~ I. ZELITCH, Fedn. Proc. 24, 868 (1965). 
15 K. ASADA und Z. KASAI, Mem. Res. Inst. Food Set. Kyoto Univ. 

23, 66 (1961). 


