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The  compar i son  (Table) b e t w e e n  t h e  p ro top la s t s ,  
m e c h a n i c a l l y  a n d  e n z y m a t i c a l l y  p repared ,  i nd i ca t ed  t h a t ,  
for  t he  f i r s t  type ,  t he  v o l u m e  was lower a n d  t h e  t r a n s -  
aminase  a c t i v i t y  h ighe r  t h a n  for  t h e  second t y p e  ; all  d a t a  

Comparative volume and transaminase activity of protoplasts 
mechanically (M) and enzymatieally (E) prepared from Allium roots 
(30 mm) previously decapitated at 3 mm 

Protoplasts 

M E 

Volume �9 in ~z s per protoplast 2370 9109 
q- 304. ~ 832 

Transaminase activity b 
per 107 protoplasts 44,27 40,31 

:J= 1,34 2t2 1,52 

a The diameter of respectively 212 and 201 protoplasts was measured. 
b In btg equiv. ( • 10 ~) of pyruvate formed. 
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Changes with time in transaminase activity (in pyruvate formed) of 
the root (Allium) protoplasts mechanically prepared. Continuous 
lines: assays with protoplasts kept in 20% sucrose solution. Broken 
lines: protoplasts incubated in the enzyme mixture. Vertical lines 
extending on one side of the points show the standard error of the 
n l e a n .  

were f o u n d  t o  be  s igni f icant .  Resu l t s  (Figure) cal l  for a 
few c o m m e n t s .  1. Keep ing  t he  m e c h a n i c a l l y  o b t a i n e d  
p r o t o p l a s t s  for  12 h in t he  sucrose so lu t ion  d id  n o t  change  
t h e i r  t r a n s a m i n a s e  a c t i v i t y  s igni f icant ly .  2. W h e n  in-  
c u b a t i n g  these  p r o t o p l a s t s  in  t he  ce l l -wal l -degrading  
enzymes  mix tu re ,  a s ign i f ican t  decrease  of t he  t r a n s -  
aminase  a c t i v i t y  was observed .  Such  effect  seemed to  be  
v e r y  r ap id  since t he  depressed  t r a n s a m i n a s e  a c t i v i t y  
r e m a i n e d  t he  same  a f t e r  4 a n d  12 h of e n z y m e  incuba t i on .  
3. W h e n  p ro top l a s t s  were replaced  in  t he  sucrose  solut ion,  
a f t e r  2 or 4 h in  the  enzymes  mix tu re ,  t h e i r  t r a n s a m i n a s e  
a c t i v i t y  was p a r t l y  res tored.  4. The  di f ference in t he  t r a n s -  
aminase  a c t i v i t y  b e t w e e n  t he  con t ro l  a n d  t h e  t r e a t e d  
p ro top l a s t s  was  found  to be m u c h  h ighe r  t h a n  t h a t  
obse rved  b e t w e e n  t h e  p r o t o p l a s t s  m e c h a n i c a l l y  a n d  
e n z y m a t i c a l l y  p r e p a r e d  (see Table) .  I t  m a y  be  no t i ced  
t h a t ,  in  t he  f i r s t  case, t he  d i rec t  ac t ion  of the  enzymes  on  
t h e  p r o t o p l a s m  t r a n s a m i n a s e s  was obv ious ly  v e r y  m u c h  
s t ronge r  t h a n  in  t h e  assays  w i t h  t he  cells st i l l  enve loped  
b y  t h e i r  walls. 

I n  conclusion,  t he  cell wa i l -degrad ing  enzymes  (or t he  
impur i t i e s  p r e sen t  in  t he  ac t ive  mix tu re )  - used  for  
p r e p a r i n g  e n z y m a t i c a l l y  t h e  p r o t o p l a s t s  - change  some 
of t he  p roper t i e s  of t h e  p r o t o p l a s t s  o b t a i n e d  mechan ica l ly .  
Consequen t ly ,  i t  c an  be  supposed  t h a t  t h e  enzymes  
p r e p a r a t i o n  m a y  ac t  on t he  p r o t o p l a s t s  p roduced  enzy-  
mat ica l ly .  I t  is c lear  t h a t  such  enzymes  m i x t u r e  depress  
t he  t r a n s a m i n a s e  a c t i v i t y  w i t h  a n  o p t i m u m  ac t ion  a f t e r  
4 h i ncuba t ion .  F r o m  these  results ,  i t  is n o t  possible  to  
d e t e r m i n e  a t  w h a t  level  of t he  p ro top las t s ,  t r a n s a m i n a s e  
is lost, and  to  decide  w h e t h e r  t h e  enzymes  ac t  on  t he  
fo rmat ion ,  t he  d e g r a d a t i o n  or t he  a c t i v a t i o n  of t r ans -  
aminase .  B u t  i t  is no t  exc luded  t h a t  some t r a n s a m i n a s e  
co-factors  m a y  be  de s t royed  d u r i n g  t h e  e n z y m a t i c a l  
p r e p a r a t i o n  of p ro top las t s .  Such  s t i m u l a t i n g  agen t s  m a y  
be progress ive ly  r e fo rmed  w h e n  t h e  p r o t o p l a s t s  were 
rep laced  in t he  s tored  med ium.  

Rdsumd. Les enzymes  employ6es  p o u r  l ' o b t e n t i o n  
e n z y m a t i q u e  des p ro top l a s t e s  de rac ines  (Allium) 
a l t 6 r en t  les t r a n s a m i n a s e s  (EC. 2.6.1.1.) de p ro top l a s t e s  
m 6 c a n i q u e m e n t  pr6par6s.  Cet te  i n h i b i t i o n  t r a n s a m i n a -  
s ique es t  p a r t i e l l e m e n t  lev6e lorsque  les p ro top l a s t e s  ne  
sont  p lus  en c o n t a c t  avec  ces enzymes .  Les effets  des 
enzymes  d 6 g r a d a n t  les pa ro i s  eel lulaires son t  d iscut6s  
r e l a t i v e m e n t  aux  propr i6 t6s  b ioeh imiques  des pro to-  
plastes .  

P . -E.  PILET 

Insti tut  de Biologic et de Physiologic vdgdtales de 
l' Universitd de Lausanne, CH-7005  Lausanne 
(Switzerland), 15 June  1973. 

Can the  C4-Dicarboxy la te  T r a n s p o r t e r  be Spec i f i ca l ly  Label led? 

A l t h o u g h  t h e  use of a f f in i ty  labe l l ing  s u b s t r a t e  ana-  
logues ha s  no t  p r o v e d  especial ly  useful  for s tud ies  on  
m e m b r a n e  sys t ems  i, t h e  non-specif ic  a l k y l a t i n g  reagen t ,  
N - e t h y l m a l e i m i d e  (NEM), ha s  b e e n  used, in  c o n j u n c t i o n  
w i t h  s u b s t r a t e  p ro tec t ion ,  to  specif ical ly l abe l  t he  lac tose  
p e r m e a s e  of E. coli ~-4 a n d  t h e  adenos ine  t r i p h o s p h a t a s e  
(ATPase)  of sa rcop lasmic  r e t i c u l u m  5. 

A t r a n s p o r t  s y s t e m  for  t he  u p t a k e  of C4-dicarboxyl ic  
ac ids  in  Escherichia coli has  been  descr ibed  a n d  charac-  
ter ized% W e  h a v e  r ecen t l y  t r i ed  to  labe l  some of t he  
m e m b r a n e  componen t ( s )  compr i s ing  t h i s  u p t a k e  sys tem.  

Materials and methods. E.  coli, wild t y p e  s t r a i n  
A T  2752 were o b t a i n e d  f rom Professor  H. KORNBERG 
a n d  g rown  a n d  i nduced  for  C4-up take  as p rev ious ly  de- 

x S. I. CHAWN, F]~BS Lett. 14, 269 (1971). 
C. Y. Fox and E. P. KENNEDY, Proe. natn. Acad. Sci. 54, 891 (1965). 
J. R. CARTER, C. F. Fox and E. P. K~NNEDY, Proc. natn. Acad. Sci, 
50, 725 (1968). 

4 T. H. D. JONES and E. P. KENNEDY, J. biol. Chem. 244, 5981 (1969). 
5 R. PANET and Z. SELINO~R, Eur. J. Biochem. 14, 440 .(1970). 

W. W. KAY and H. L. KORNBERG, E ur. J. Biochem. 18, 274 (1971). 
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scribed6, L C4-acid up takes  were carried out  and  assayed 
as described% Double  labell ing exper iments  were  done as 
descr ibed ~. 

The reac t ion  wi th  N E M  was  done  according to  F o x  
and  KENNEDY z. For  the  kinet ic  studies,  cells were sus- 
pended  in minimal  salts buffer  ~ to an absorbance  of 0.2 a t  
680 n m  (2 • 10 s cells per  ml) w i th  or w i thou t  subs t ra te ,  
and  shaken at  28~ At  t he  ind ica ted  intervals ,  2.5 ml  
al iquots  were r emoved  and mixed  wi th  2.5 ml  a l iquots  of 
min imal  salts  buffer  conta in ing  a concen t ra t ion  of 0.02 M 
2-mercaptoe thanol .  The resul t ing 5 ml  samples  were t h e n  
incuba ted  in a 37~ shaking  wa te r  b a t h  for 10 min,  sue- 
c inate  added,  and  5 min  C~-uptakes carr ied ou t :  

Membrane  f ract ions  were p repa red  by  sonif icat ion in 
a Branson  sonifier followed by  cen t r i fuga t ion  a t  105, 00 0 • 
g for 30 rain, in a Spinco Model L ul t racentr i fuge.  Pro-  
te in  was e s t ima ted  by  the  Lowry  modif ica t ion  of t he  Fol in  
t echnique  using bovine se rum a lbumin  as s t anda rd  s. 
Po lyac ry lamide  gel e lectrophoresis  was done as descr ibed 
by JON~S and KENNEDY 4. 

Succinic acid, (1,4-14C) was purchased from Amersham 
Searle, Chicago, Illinois, and diluted to the desired spe- 
cific act ivi t ies  wi th  unlabel led succinic acid. N E M  (1-C 14) 
and  N E M  (Ethyl-23H) were purchased  f rom New E n g l a n d  
Nuclear  Corporat ion,  Boston,  Mass., and  d i lu ted  to the  
desired specific ac t iv i ty .  All o the r  chemicals  were  e i ther  
of reagent  grade or t he  h ighes t  avai lable grade. 

Results and discussion. 1. Inh ib i to r s  of C~-uptake. A t  
10 -~ M and 10 -~ M, N E M  caused near ly  comple te  inhi-  
b i t ion of C , -up take ,  b u t  the  effect  was no t  p r e v e n t e d  by  
subs t ra te .  At  10 -5 M, N E M  gave reasonable  a m o u n t s  of 
inhibi t ion which  could be par t i a l ly  b locked in t he  pre-  
sence of a large excess of subs t r a t e  (Table I). A t  subs t r a t e  
concen t ra t ions  lower t h a n  10 -2 M, the  a m o u n t  of sub- 
s t ra te  p ro tec t ion  was var iable  and  lower. The a m o u n t  of 
inhib i t ion  appeared  to  be max ima l  af ter  10 min  incuba-  
t ion  and  longer incuba t ion  t imes  caused impa i red  up t ak e  

Table I. Inhibition of a*C-suceinate uptake by NEM alone or in 
presence of substrate 

NEM alone~ Uptakes (%) Mean (%) 

Control 100 
Inhibited 21-43 (n = 7) 36 

NEM and substrate 

Control 100 
Inhibited 37-83 (n = 7) 60 

in cont ro l  ceils. Thus,  a re la t ively  res t r ic ted  set  of con- 
di t ions  was requi red  for b o t h  s ignif icant  inhib i t ion  a n d  
subs t r a t e  pro tec t ion .  

2. Kine t ics  of inh ib i t ion  by  NEM. The ra te  of inhib i t ion  
of C4- t ranspor t  by  N E M  alone or by  N E M  in the  presence  
of succinate  is shown in t he  Figure.  In  these  kinet ic  ex- 
pe r imen t s  mos t  of the  inhib i t ion  occurred wi th in  t he  f i rs t  
2 min.  The a p p a r e n t  f i r s t -order  ra te  cons tan t s  for inhibi-  
t ion  have  been  calculated,  assuming  t h a t  the  reac t ion  
follows pseudo-f i rs t  order  kinet ics  (Table II).  The ra te  
of reac t ion  of t he  inh ib i to r  w i th  t he  t r a n s p o r t  sys t em is 
only modes t ly  reduced,  even t h o u g h  the  concen t ra t ion  
of subs t r a t e  is 4 orders of magn i tude  grea te r  t h a n  t h a t  of 
inhibi tor .  

The da t a  in Table  I I  m a y  be used to  calculate  3 a dis- 
sociat ion co n s t an t  (KD) for the  t r a n s p o r t e r - s u b s t r a t e  
complex  equal  to  1.35 • 10 -1 M, which  is a lmos t  4 orders  
of magn i tude  h igher  t h a n  t h e  K M for th is  sys t em as  
measured  d i r e c t l y t  The d isc repancy  be tween  these  2 
values  suggests  t h a t  one or more  of the  a s sumpt ions  for- 
mu la t ed  and  appa ren t l y  val id for t he  lactose pe rmease  ~ 
are no t  va l id  for t he  C4- t ranspor t  sys tem.  

3. Label l ing of par t i cu la te  fract ion.  The a m o u n t  of aH 
N E M  covalen t ly  b o u n d  to  par t i cu la te  f rac t ions  of E. coli 
in presence  (protected) or absence  (unprotected)  of sub-  
s t ra te  in shown in Table  I I I .  A l though  the re  is some varia-  
bi l i ty  in the  values  f rom one set  of expe r imen t s  to  another ,  
there  are no s ignif icant  differences be tween  p ro t ec t ed  and  
unp ro t ec t ed  samples  w i th in  each e x p e r i m e n t .  
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30; 30 6'0 if0 ,~0sec 
lime ot incubation with NEM 

Inhibition of 14C sueeinate uptake by NEM expressed as a percentage 
of the control value. Points on the graph show the means of loga- 
rithms of experimental points. Each point represents the arithmetical 
mean for 3 experiments. The lines are the regression lines calculated 
for all points (n = 20). O, NEM alone; @, NEM and substrate. 

Table III. Uptake of NEM by particulate fraction, nmol mg -1 protein 

Experiments 160672, 230672, 300572, 010672,120672, 230572, 250572. 
NEM lO-SM, 10 min, 28~ before uptakes, b Malate 10-1M, 

2 rain, 28~ followed by NEM 10-SM 10 rain; 28~C, before uptakes. 

Table II. Rates of inactivation by NE~ 

Substrate Substrate 
absent present 

Half-time of inactivation ~ (see) 79 135 

k b (see-l) 0.0087 ~= 0.0008 0.0051 =k 0.0011 

Time at which 50% inactivaLion is achieved, b Assuming pseudo- 
first order kinetics (k) the apparent first order rate constant is 
calculated from the gradient of the inactivation curve4: 

Experiment Protected Unprotected 

040972 0.39 0.45 
230572 0.43 0.43 
240572 0.27 0.24 
250572 0.30 0.32 
260572 0.51 0.46 
300572 0.21 0.22 
Mean 0.35 0.35 

Each pair of experiments is the mean of 3 determinations. 

7 j .  M. ASHWORTH and H. L. KOR~BERO, Proc. R. Soe., (B), 165, 179 
{1966). 

80. H. LOWRY, i'q. J. ROSEBROUGH, A. L. FARR and R. J. RA.NDALL, 
Ji biol. Chem. 193, 265 (1965). 
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Although the total  amount of label in 2 samples may not 
be very different, the qualitative distribution of the label 
may be such as to permit identification of specific pat- 
terns ~. In the double-labelling experiments, induced and 
uninduced cells were reacted with SH NEM and ~C NEM 
respectively; both isotopes were distributed uniformly 
throughout the gel. A uniform distribution was obtained 
as well when the ceils were reacted with unlabelled NEM 
in the presence of substrate, followed by 3H NEM after 
the substrate was removed by washing. Thus, in spite of 
satisfactory functional protection, no evidence for specific 
labelling of a component of the C4-transport system was 
found. 

F o x  and KENNEDY 2 have estimated that  although 
there is a significant difference in the amount of NEM 
incorporated between protected and unprotected frac- 
tions, 0.15 nmoles mg -~ respectively, only about 20% of 
this difference can be ascribed to labelling on the M 
protein. KARLIN et a l )  have calculated that  only 10- 
20% of the labelling of Electroplax electric organ by an 
alkylating substrate analogue was on the acetylcholine 
receptor, and that  the amount of bound label was not 
significantly decreased by prior t reatment  with unlabelled 
alkylating reagent. 

In spite of these difficulties, 3 specific membrane pro- 
teins have now been labelled and apparently located 
electrophoretically~, 5, ~0. The reason for the present neg- 
ative are not known n. 

Rdsumd. Le transporteur des C-4 acides est inhib6 par 
le N-6thylmal6imide. L'inhibition est partiellement blo- 
qu6e par le substrat, mais ce n'est pas 6vident en regar- 
dant la d6finition sp6cifique du transporteur. 
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Institute o/ Animal  Physiology, S I C / J A P ,  
Babraham, Cambridge CB2 4_/1 T (England), 
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Effect of some Derivatives of Naphthalene on Aryl Hydrocarbon (Benzo[a]pyrene)  
Hydroxylase  in vitro 

- T h e  inducible enzyme system, aryl hydrocarbon 
(benzoEalpyrene) hydroxylase, is found in many tissues 
of numerous mammalian species. I t  was first described in 
rat liver by CONNEY and MILLER 1 and called benzoEa~ 
pyrene hydroxylase. The enzyme converts polycyclic 
hydrocarbons to phenols, dihydrodiols, quinones and 
epoxides ~,3. In addition to its function as a detoxification 
agent, this enzyme complex has been found to activate 
polycyclic hydrocarbons to toxic and carcinogenic 
metabolites 4. The enzyme also catalyzes the formation of 
covalently bound complexes of hydrocarbon with DNA 5, 6, 
RNA 5 and protein 6. In this work, we examined the affinity 
of certain isomeric derivatives of naphthalene for this 
enzyme and studied their effect on benzoEa]pyrene 
hydroxylation. The inhibition shown by some compounds 
suggests competition for the benzo[a~pyrene hydroxyla- 
tion enzyme site 7. 

All chemicals were obtained from Calbiochem or Sigma. 
The naphthalene compounds were purified by recrystal- 
lization. Male Wistar rats (Commentry strain) weighing 
from 100 to 120 g were injected i.p. with methylcho- 
lanthrene (20 mg/kg) in 0.5 ml corn oil. Control animals 
received corn oil only. Animals were sacrificed by decapita- 
tion and the livers were quickly removed, chilled at 0 ~ 
and homogenized with 0.25 2]// sucrose in 0.05 M Tris- 
HC1, pH 7.5 in a Perspex homogenizer. Microsomes were 
obtained from the 10% homogenate according to 
SCHNEIDER 8. Aryl hydrocarbon (benzoEa]pyrene) hydro- 
xylase was assayed as described by GELBOIN 7. Alkali- 
extractable metabolites of benzoEaJpyrene were measured 
with a Jobin-Yvon Model spectrophotofluorometer to 
determine enzyme activity. Enzyme activities were 
determined in duplicate or triplicate. The act ivi ty was 
compared to a blank to which acetone had been added 
prior to incubation. The various naphthalene hydro- 
carbons were dissolved in ethanol and added in 0.010 mI 
amounts to yield a final concentration equimolar or 
1/10 equimolar to ]3(a)P. This blank gave no fluorescent 

readings. The addition of ethanol containing the various 
polycyclic hydrocarbons (0.010 ml) to the reaction mixture 
after the incubation period did not affect the subsequent 
fluorometric measurements. 

As shown in the Table, t h e  addition of naphthalene 
and its 4 derivatives (naphthol-(1), naphthol-(2), 
naphthonitril-(1), naphthonitril-(2)), at  equimolar or 
1/10 equimolar concentrations to the benzo[a]pyrene 
substrate, had no significant effect on benzo[a]pyrene 
hydroxylation when the medium contained either 
control or induced microsomes. 

The 2 isomers, naphthyl-phosphordicloridat- (1) and 
naphthyl-phosphordicloridate-(2), inhibit hydroxylation 
of benzo[a]pyrene incubated with control microsomes 
by 14% and 21% respectively, and 2-methyl-fl-naph- 
thothiazol by 45%. These 3 compounds also inhibit 
aryl hydrocarbon (benzo[a]pyrene) hydroxylase in 
methylcholanthrene-induced microsomes (22%, 22%, and 
55% respectively). The addition of other compounds to 
control or methylcholanthrene-indueed microsomes result- 
ed in either negligible or no inhibition of benzo[a]pyrene 
hydroxylation. With  the exception of 2-methyl-fl-naphtho- 
thiazol, and the 2 isomers of naphthyl-phosphordiclorid- 
ate, the results suggest t h a t  none of t he  other compounds 
studied has an affinity for the benzo[alpyrene hydro- 
xylation site equal to benzo[a]pyrene. The inhibition of 

1 A. H. CONVEY, E. C. MILLER, and J. A. MILLER, J. biol. Chem. 228, 
753 (1957). 

2 E. BOYLA~D, Bioehem. Soc. Syrup. 5, 40 (1950). 
3 p. SIMS, Biochem. Pharmac. 76, 613 (1967). 

H. V. GELEOm, E. HVBERMAN and L. SAcKs, Proc. natn. Acad. Sci. 
USA 64, 1188 (1969). 

5 H. V. GELBOI•, Cancer Res. 29, 1272 (1969). 
s p. L. GROVER and P. SIMS, Biochem. J. 110, 159 (1968). 
F. J. WIEBEL, J, C. LEUTZ, L. DIAMOND and H. V. GELBOIN, 
Arch. Biochem. Biophys. 744, 78 (1971). 

s W. C. SCHNEIDER, J. biol. Chem. 776, 259 (1948). 


