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SUMMARY 
3 

[methine- H]1,l-Di-(4-chlorophenyl)-2,2 2 - t r i c h l o r o e t h a n e  

( [meth ine-  HIDDT) and i t s  d i - (4 -n i t ropheny l )  analog, bo th  o f  h i g h  

p u r i t y  w i t h  a modera te ly  h i g h  s p e c i f i c  a c t i v  t y  were prepared. Chloro- 
3 

benzene was condensed w i t h  [l- H]1-(4-chlorophenyl)-2,2,2-trichloro- 

ethano l ,  which had been syn thes ized by sodium boro [  H l h y d r i d e  reduc- 

t i o n  o f  4-chlorophenyl  t r i c h l o r o m e t h y l  ketone. The p u r i f i e d  [3H]DDT 

had a s p e c i f i c  a c t i v i t y  o f  0.77 Ci/mmol (28.49 GBq/mmol). [methine- 

3 

3 

SH]1,1-Diphenyl-2.2.2-trichloroethane was s i m i l a r l y  syn thes ized and was 

n i  t r a t e d  t o  g i v e  [ meth i  ne- H ] 1.1 -d i  -( 4-n i t rophenyl  )-2,2,2-t r i  c h l  oro- 

ethane of  1.63 Ci/mmo1(60.31 GBq/mmol). 

h o u s e f l y  enzyme (g lu ta th ione-dependent  DDT dehydroch lo r inase)  showed a 

remarkable i s o t o p e  e f f e c t .  For DDT, t h e  observed t r i t i u m  i s o t o p e  

e f f e c t  on sax/$ was 11.51;t0.52. For t h e  n i t ro -ana log ,  t h e  va lue  was 

11.3i1.2. We measured deuter ium i s o t o p e  e f f e c t  on ymax/Km f o r  DDT i n  a 

c o m p e t i t i v e  mode and ob ta ined  t h e  va lue  4.19k0.34. 

values, t h e  magnitude o f  i n t r i n s i c  i s o t o p e  e f f e c t  values on DDT- 

d e h y d r o c h l o r i n a t i o n  r e a c t i o n  was discussed. 

3 

Dehydroch lo r i na t i on  w i t h  

Based on these 
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INTRODUCTION 

Hydrogen i s o t o p e  e f f e c t s  on an enzyme-catalyzed r e a c t i o n  g i v e  us 

u s e f u l  i n f o r m a t i o n  f o r  e l u c i d a t i n g  t h e  r e a c t i o n  mechanism i n v o l v i n g  C-H 

bond cleavage. 

by s low s teps  i n v o l v e d  i n  enzyme-catalyzed reac t i ons ,  such as ES-complex 

fo rma t ion  and d i s s o c i a t i o n  and EP-complex d i s s o c i a t i o n  s teps(1) .  

masked va lues  a r e  o f t e n  much s m a l l e r  t han  t h e  i n t r i n s i c  va lue  and do n o t  

a l l o w  us  t h e i r  s t r a i g h t f o r w a r d  use t o  e l u c i d a t e  mechanism. 

procedures t o  overcome t h i s  d i f f i c u l t y  i s  t o  c a l c u l a t e  an i n t r i n s i c  i s o t o p e  

e f f e c t  va lue  f rom observed va lues  o f  deuter ium and t r i t i u m  i s o t o p e  e f f e c t  

on t h e  same r e a c t i o n ( 1 ) .  

o f  h i g h  p u r i t y  w i t h  a modera te ly  h i g h  s p e c i f i c  a c t i v i t y .  

Bu t  s i m p l y  observed i s o t o p e  e f f e c t  va lues  a r e  o f t e n  masked 

Such 

One of  t h e  

For  do ing  t h i s ,  we need a t r i t i u m - l a b e l e d  s u b s t r a t e  

A few years  ago, a h o u s e f l y  enzyme t h a t  c a t a l y z e s  DDT-dehydrochlorina- 

t i o n  was p u r i f i e d  (2). With  t h i s  enzyme p repara t i on ,  we conducted a deute- 

r i u m  i so tope  e f f e c t  s tudy  ( 3 )  on DDT analogs i n  a non-compet i t i ve  mode (1). 

Here we desc r ibe  t h e  syn thes i s  o f  two o f  t h e  m e t h i n e - t r i t i a t e d  analogs, and 

t h e i r  use i n  i s o t o p e  e f f e c t  s t u d i e s  on t h e  d e h y d r o c h l o r i n a t i o n  c a t a l y z e d  by 

t h e  house f l y  enzyme. We a l s o  desc r ibe  t h e  measurement of  deuter ium i s o t o p e  

e f f e c t  i n  compe t i t i ve - t ype  exper iments and use o f  these i s o t o p e  e f f e c t  

values f o r  c a l c u l a t i n g  t h e  i n t r i n s i c  i s o t o p e  e f f e c t  on t h e  me tabo l i c  

dehydroch lo r i na t i on .  

SYNTHESIS 
14 

M a t e r i a l s  and Methods Sodium boro [  %]hyd r ide  and [phenyl-U- CIDDT 

were ob ta ined  f rom Amersham I n t e r n a t i o n a l  p l c .  T r ich lo roacetophenone (1- 

phenyl-2,Z.Z-trichloroethanone) was prepared f rom acetophenone by  t h e  

method o f  McLennan and Wong (4) w i t h  a s l i g h t  m o d i f i c a t i o n  (3). 

*H]DDT (D-abundance >99.5%) was prepared as desc r ibed  (3).  

l a y e r  chromatographic s i l i c a  g e l  p l a t e s  were ob ta ined  f rom Merck (60F254) 

[methine- 

Precoated t h i n  

and used w i t h  

p u r i f i c a t i o n .  

p o s i  t ion-sens  

L i q u i d  s c i n t i  

a s o l v e n t  system hexane/acetone 10/1 ( v / v )  f o r  a n a l y s i s  and 

For  r a d i o a c t i v e  spot -de tec t ion ,  a beta-camera(Bertho1d) o r  a 

t i v e  p r o p o r t i o n a l  d e t e c t o r  (A loka  chromanizer)  was used. 

l a t i o n  (LS) coun te rs  were A loka  LS-900 and LS-1000 and t h e  
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s c i n t i l l a t i o n  c o c k t a i l  was Aquasol-11. Gas chromatograph (GC) was a Yanaco 

G-80E w i t h  an e l e c t r o n  cap tu re  d e t e ~ t o r ( ~ ~ N i )  (column:l% OV-17. 75 cm). and 

high performance l i q u i d  chromatographs (HPLC) were a Waters w i t h  model 

60004 pump and model 440 de tec to r ,  and a Jasco w i t h  880-PU(pump) and 875- 

UV(detector) .  They were used w i t h  a column o f  M&S Pack C18, 4.0 mm 1.0. x 

250 mm and a s o l v e n t  system dioxane/methanol/water. 3/5/2 (v /v) .  Radio- 

a c t i v i t y  determinat ions o f  HPLC e f f l u e n t  were conducted by c o l l e c t i n g  

f r a c t i o n s  and LS-counting o f  each f r a c t i o n .  

Reduct ion of 4-chlorophenyl  t r i c h l o r o m e t h y l  ketone w i t h  sodium boro- 

L3H]hydride(Scheme 1 )  Sodium b ~ r o [ ~ H ] h y d r i d e  (ca.100 m C i .  3.7 GBq)(5-10 

MBT4 T Q-x 
X-OCCS- X O C - O H  - 

kl, 

( I )  X=Cl (Cmethinc-3mDDT) 
(11) X=H 

and its analog 
Scheme 1 Synthesis of Crnethine3HJDDT 

I1 fumkHw3Q - - 
N @ e N O ,  - 

C Cl, 
Scheme 2 Synthesis of tmethine-3H3NO~DDT 

Ci/mmol, 

ca.10 pmol) i n  0.01 N NaOH (0.3 ml) and was mixed w i t h  t h e  ketone (40 mg) 

i n  i sop ropy l  a l coho l  (3  m l )  w h i l e  s t i r r i n g  a t  0°C. S t i r r i n g  was cont inued 

f o r  4.5 hours. 

185-370 GBq/mmol) (20-10 )cmol) was d i l u t e d  w i t h  NaBH4 (380 pg, 

A f t e r  a c i d i f i c a t i o n  w i t h  2 N HC1 and d i l u t i o n  w i t h  water, 
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t he  m i x t u r e  was shaken w i t h  e t h e r  ( 3  m l  x 3) .  The combined e t h e r  s o l u t i o n  

( 9  ml) was evaporated and t h e  r e s i d u e  was chromatographed on TLC(See M a t e r i a l s  

and Methods f o r  t h e  c o n d i t i o n ) .  

scraped o f f  and t h e  compound was e x t r a c t e d  w i t h  acetone. 

evaporated and t h e  r e s i d u e  was d i s s o l v e d  i n  methanol t o  make a s tock  

so l  u t i  on. 

e thano l  recovered i n  t h e  me thano l i c  s o l u t i o n  was 101.5 mCi(3.75 GBq). 

Rad ioac t i ve  area  on t h e  TLC p l a t e  was 

The e x t r a c t  was 

T o t a l  r a d  1 o a c t  i v i  t y  o f  [ 1 - 3-11 1 -( 4-c h l  orophenyl  ) -2,2,2-tr i  ch 1 oro- 

Con d e n s a t i on o f  L1- % ] 1 - ( 4 -c h 1 o r o  p h e n y 1 ) -2.2.2- t r i c h 1 o r  oe t h a n o 1 I3,3H- 
3 

c a r b i n o l )  w i t h  chlorobenzene(Scheme 1)  The H-carb ino l  (55.2 m C i .  2.04 GBq) 

(ca.50 p o l ) ,  a f t e r  removal o f  methanol, was mixed w i t h  chlorobenzene 

(0.5 m l ) .  

m i x t u r e  w h i l e  coo led  w i t h  i ce .  

i ce -coo l i ng  and then a t  room tempera ture  o v e r n i g h t .  

d i l u t e  t h e  whole m i x t u r e  and t h e  p roduc t  was e x t r a c t e d  w i t h  e the r .  Prepara- 

t i v e  TLC(see M a t e r i a l s  and Methods f o r  t h e  c o n d i t i o n )  gave 34.7 m C i  (1.28 

GBq) o f  [~neth ine-~H]DDT w i t h  s l i g h t  con tamina t ion  o f  [ H]o,p'-DDT. S p e c i f i c  

a c t i v i t y  was de termined as t h e  r a t i o  o f  t h e  r a d i o a c t i v i t y  o f  a c o l l e c t e d  

HPLC f r a c t i o n  and t h e  amount determined based on t h e  UV-trace o f  HPLC. It 

was 0.77 Ci/mmol (28.49 GBq/mmol). 

p u r i f i e d  by HPLC. 

shown i n  Fig.1. Radiochemical  p u r i t y  was over  99.9%. 

Oleum/conc.H2S04 (1 /5  v / v )  was added dropwise ( 5  d rops)  i n t o  t h e  

S t i r r i n g  was con t inued  f o r  one hour  w i t h  

I c e  was added t o  

3 

A p a r t  o f  t h e  p roduc t  was f u r t h e r  

The chromatograms o f  t h e  p u r i f i e d  [methine-%]DDT a re  

Reduct ion o f  phenyl  t r i c h l o r o m e t h y l  ketone w i t h  sodium boro [  % ] h y d r i d e  

(Scheme 1 )  Reduct ion of  phenyl  t r i c h l o r o m e t h y l  ketone was conducted 

s i m i l a r l y  as above. From sodium boro [  % ] h y d r i d e  (ca.180 m C i ,  ca.6.7 GBq)(5- 

10 Ci/mmol, 185-370 GBq/mmo1)(36-18 pmol) mixed w i t h  c o l d  NaBH4 (380 r g ) ( l O  

pmol )  i n  0.01 N NaOH and phenyl  t r i c h l o r o m e t h y l  ketone (35 mg) i n  i s o p r o p y l  

a l coho l ,  [l- H]1-phenyl-2,2.2-trichloroethanol (180 m C i ,  6.7 GBq) o f  spec i -  

f i c  a c t i v i t y  ca.1.62 Ci/mmo1(60.3 GBq/mmol) was obtained. 

3 

3 
Condensation o f  [I- H]l-pheny1-2,2,2-trichloroethanol w i t h  benzene 

gave [l-%]l,l-diphenyl-2,2,2-trichloroethane (108 'mci ,  4 GBq)(radiochemi- 

c a l  y i e l d ,  60%) o f  ca.1.6 Ci/mmo1(59.2 GBq/mmol) and of  a v e r y  h i g h  r a d i o -  
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3.75 7.5 11,25 15 
(min) 

0 

3 
Fig.1 HPLC of [methine- HIDDT. 
The radiochromatogram above was 
obtained by collecting 20-sec frac- 
tions of the effluent and counting each 
fraction with an CS-counter. The chromato- 
gram below was obtained with a conven- 
tional UV detector. HPLC solvent was 
dioxane/methanol/water, 31512 (v/v), 
and the flow rate was 1 ml/min. 
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chemical purity (over 99.9%) according t o  the collected radioactivity o f  

the HPLC fraction compared with the injected radioactivity. 
3 

[1-%] IIl-Di-(4-ni trophenyl)-2,2,2-trichloroethane( [ methi ne- H]NO ;rDDT) 

(Scheme 2) 

mg) in benzene solution was evaporated t o  dryness, and the residue was mixed 

with acetic anhydride(l.5 ml), fumic HN03 (1.5 ml) and a small amount of urea 

while stirring below -15OC. After one-hour stirring at O'C, ice-water was added 

[ 1-3k]lI l-Diphenyl-2.2,2-trichloroethane(44 mCi, 1.63 GBq)( 7.2 

0 
C3H NO,-DDT 

L/ 

24 18 12 6 
(min) 

3 
Fig.2 
on TLC plates(1eft) was made with a position-sensitive proportional 
counter (Aloka chromanizer). HPLC effluents were collected and coun- 
ted similarly as in Fig.1 to obtain the radiochromatogram (above 
right) and were also conventionally monitored with a UV-detector 
(below right). HPLC conditions were the same as in Fig.1. 

TLC and HPLC o f  [methine- HINOrDDT. Radioactivity determination 

t o  dilute the reaction mixture. Products were extracted with benzene and 

the benzene solution was evaporated after drying over Na2S04. 

preparative TLC produced a pure sample of the title compound. 

Repeated 

TLC and HPLC 
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o f  t h e  pure  sample a r e  shown i n  Fig.2. 

Ci/mmo1(60.3 GBq/mmol). 

The s p e c i f i c  a c t i v i t y  was 1.63 

ENZYME-CATALYZED DEHYDROCHLORINATION 

Enzyme Prepared as a l r e a d y  r e p o r t e d  (3),  and a i r -ma i l ed  f rozen  i n  a 

phosphate b u f f e r  from We l l i ng ton ,  New Zealand t o  Kyoto. 

be fore  use. 

S tored  a t  -70°C 

Methods 

3 Measurement of  t r i t i u m  i s o t o p e  e f f e c t :  A t  37°C. [3H]DDT ( o r  [ H I -  

N02-DDT) (0.7-1.72 nmol i n  20 ~1 OMSO) and 50 mM g l u t a t h i o n e  (GSH) (40 ,u1: 

2 p o l )  were d i s s o l v e d  i n  1.92 m l  o f  0.1 M sodium phosphate b u f f e r  (pH 7.4), 

and an enzyme s o l u t i o n  (20,ul: 

r e a c t i o n .  

DDT), 

ethylene(DDE) o r  i t s  d i - (4 -n i t ropheny l )  analog (N02-DDE)] and t h e  sub- 

s t r a t e  were e x t r a c t e d  w i t h  hexane/e thy l  ace ta te  4/1 ( v / v )  ( 4  m l  x 3). 

The o rgan ic  l a y e r  was used t o  gas-chromatograph ica l l y  q u a n t i t a t e  t h e  

DDE-type me tabo l i t e .  R a d i o a c t i v i t i e s  i n  t h e  o rgan ic  l a y e r  ( [  Hlsub- 

s t r a t e )  and i n  t h e  aqueous l a y e r  ( [  H]HC1 and [ H ] H  0) were determined 

by coun t ing  an a l i q u o t  f rom each l a y e r  w i t h  a l i q u i d  s c i n t i l l a t i o n  

counter .  Quenching c o r r e c t i o n  was made by  an e x t e r n a l  standard-channel 

r a t i o  method. 

2-3 ,ug p r o t e i n )  was added t o  s t a r t  t h e  

A f t e r  a s p e c i f i e d  p e r i o d  (e.g. 15 min f o r  DDT and 4 min f o r  NO - 
2 

t h e  o rgan ic  m e t a b o l i t e  [ 1,l-di-(4-chlorophenyl)-2,2-dichloro- 

3 

3 3 
2 

As c o n t r o l  runs,  t h e  r e a c t i o n s  w i t h o u t  enzyme s o l u t i o n  ( i n s t e a d  o f  

enzyme s o l u t i o n ,  20 ,ul o f  b u f f e r  s o l u t i o n  added) were conducted. The 

r a d i o a c t i v i t y  i n  t h e  aqueous s o l u t i o n  o f  a c o n t r o l  run  a f t e r  a s i m i l a r  

procedure as above was sub t rac ted  ( l e s s  than 9% o f  t h e  aqueous s o l u t i o n  o f  

t h e  sample i n  case o f  DDT, 

t h e  aqueous l a y e r  o f  each sample run. 

and 5-10% i n  case o f  N02-DDT) f rom t h a t  i n  

The t r i t i u m  i s o t o p e  e f f e c t  on t h e  lma,/l&, [ = ' ( l / K ) ]  o f  t h e  reac- 

t i o n  was determined f rom t h e  equat ion(1)  

T ( ~ / ~ )  = I~[I-(P~/s,)I / I~ [ I - (P~/s~) I .  

I n  t h i s  equat ion ,  P i s  t h e  amount o f  DOE ( o r  N02-DDE) formed f rom u n t r i -  
H 
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3 
t i a t e d  DDT ( o r  NO -DDT). PT i s  t h a t  o f  DDE ( o r  N02-DDE) formed f rom [ HIDDT 

( o r  [ 3 H ] N 0  -DDT). 

mined w i t h  a gas chromatograph. P T  was c a l c u l a t e d  f rom t h e  r a d i o a c t i v i t y  o f  

2 

2 H T  
P +P i s  t h e  amount o f  t o t a l  m e t a b o l i t e  and was d e t e r -  

t h e  aqueous l a y e r  t h a t  corresponded t o  [JH]HC1 formed. S H  and S T  a r e  

t h e  amounts o f  u n t r i t i a t e d  DOT ( o r  N02-DDT) and of [ H]DDT ( o r  [ H ]NO2 

-DDT), r e s p e c t i v e l y  and were de termined s i m i l a r l y  t o  PH and PT. 

D u p l i c a t e  o r  t r i p l i c a t e  runs  were c a r r i e d  o u t  f o r  each subs t ra te .  

3 3 

121 Measurement of deuter ium i s o t o p e  e f f e c t s  by a c o m p e t i t i v e  method: 

The r e a c t i o n s  were conducted s i m i l a r l y  t o  t h e  above t r i t i u m  exper iments.  

Subs t ra tes  a re  t h e  m i x t u r e  o f  [methine- HJDDT and [phenyl-U- 

mo lar  r a t i o  o f  3 : l .  

t i o n  was determined f rom t h e  equa t ion  

2 14 

D 

CIDDT a t  t h e  

The deuter ium i s o t o p e  e f f e c t  (v /K)  on t h e  reac- 

D ( ~ / ~ )  = I ~ [ I - ( P ~ / s ~ ) I  / l n [ l - ( P  D D  / S  11 

H, SD, P i n  which S 

t h a t  o f  d e u t e r i a t e d  subs t ra te ,  t h a t  o f  t h e  p roduc t  formed f rom t h e  undeute- 

r i a t e d  s u b s t r a t e  and f rom t h e  d e u t e r i a t e d  subs t ra te ,  r e s p e c t i v e l y .  SH was 

determined from t h e  C-14 r a d i o a c t i v i t y  o f  DDT, SD by t h e  added amount, P H  

f rom t h e  C-14 r a d i o a c t i v i t y  o f  DDE recovered f rom HPLC a f t e r  t h e  r e a c t i o n ,  

and PD from t h e  d i f f e r e n c e  o f  t o t a l  DDE ( w i t h  GC) and PH. 

and P a r e  t h e  amount o f  t h e  undeu te r ia ted  subs t ra te ,  H D 

~- Resul ts  and D iscuss ion  The t r i t i u m  and deuter ium i s o t o p e  e f f e c t  

values on t h e  enzyme-catalyzed d e h y d r o c h l o r i n a t i o n  o f  DDT and N02-DDT 

a re  shown i n  Table 1. For  DDT, D(v/K)  was 4.19k0.34. Based on t h e  

f o l l o w i n g  Nor th rop ' s  equa t ion  

we can c a l c u l a t e  t h e  i n t r i n s i c  deuter ium i s o t o p e  e f f e c t  'k on DDT- 

d e h y d r o c h l o r i n a t i o n  as 13.2. (Fo r  t h e  N02-DDT analog, We conducted 

seve ra l  separa te  runs  o f  k i n e t i c  s t u d i e s  u s i n g  me th ine -deu te r ia ted  and 

undeu te r ia ted  s u b s t r a t e  i n  a non-compet i t i ve  mode and ob ta ined  t h e  

values between 1.58 and 2.32 f o r  observed deuter ium i s o t o p e  e f f e c t  

values on !/K. As we desc r ibed  i n  a p rev ious  paper (3 ) .  t hese  i s o t o p e  

e f f e c t s  on l/K are  ob ta ined  f o r  another  p r e p a r a t i o n  o f  t h e  enzyme t h a t  

was somewhat d i f f e r e n t l y  p u r i f i e d  and a l s o  a re  n o t  v e r y  r e l i a b l e  
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because o f  t h e  b i p h a s i c  na tu re  o f  l / v  vs 

S ince  we have n o t  y e t  performed a compet 

1 / s  p l o t  o f  t h e  

t i v e  t y p e  deu te r  

r e a c t i o n .  

um i s o t o p e  

e f f e c t  s tudy  on t h e  N4-ana log .  

i s o t o p e  e f f e c t  values f o r  t h i s  s u b s t r a t e  seem n o t  r e l i a b l e . )  

t h e  c a l c u l a t e d  i n t r i n s i c  deuter ium 

The c a l c u l a t e d  va lue  f o r  t h e  i n t r i n s i c  i s o t o p e  e f f e c t  on DDT 

d e h y d r o c h l o r i n a t i o n  was as l a r g e  as t h e  t h e o r e t i c a l  maximum f o r  deute- 

r i u m  i s o t o p e  e f f e c t  values, and s t r o n g l y  suggests a h i g h l y  symmetr ical  

t r a n s i t i o n  s t a t e  s t r u c t u r e  i n  t h e  enzyme-catalyzed dehydroch lo r ina-  

t i o n .  

Tab le  1 I so tope  e f f e c t  on !/& o f  t h e  enzyme-catalyzed 
d e h y d r o c h l o r i n a t i o n  o f  DDT and i t s  N02-analoga) 

Dkb) 

DDT 11.51 + 0.52 4.19 + 0.34') 13.2 

-d 1 N02-DDT 11.3 f 1.2 - 

a) Average va lues  of two o r  t h r e e  de te rm ina t ions  w i t h  s tandard  
d e v i a t i o n s  a r e  shown. 
b )  Ca lcu la ted  based on t h e  N o r t h r o p ' s  equa t ion  (see t e x t ) .  
c )  I n  t h e  exper iments o f  t h e  m i x t u r e  a t  t h e  molar  r a t i o  o f  'H/'H = 3. 
d )  A non-compet i t i ve  method t h a t  i s  based on t h e  comparison o f  t h e  
s lope  o f  doub le  r e c i p r o c a l  p l o t s  l / v  vs. l / s  gave a s e r i e s  o f  va lues  
between 1.58 and 2.32. 

H(D) 
2 

3H(T) 
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