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SUMMARY 

Labe led  1 - t r yp tophan  is conver ted  t o  indo le -3-aceta in ide  

and t h e n  t o  i n d o l e - 3 - a c e t i c  a c i d  by enzymes f rom Pseudomonas 

savas tano i .  Labe led  i n d o l e - 3 - a c e t i c  a c i d  can be conver ted  t o  

i ndo le -3 -ace ty l  -l-O--B-D-gl ucose and t o  i n d o l  e -3-acety l  -w- 
i n o s i t o l  by enzymes froin k e r n e l s  o f  mays sweet corn.  

Key Words : 1 - t ryp tophan,  indo le -3-acetamide,  i ndo le -3 -ace t  i c ac id ,  i ndo le -3 -  
acetyl-1-2-g-D-glucose, i n d o l e - 3 - a c e t y l - ~ - i n o s i t o l .  

INTRODUCTION 

I i i g h  s p e c i f i c  a c t i v i t y  H - indo le -3 -ace t i c  a c i d  ( IAA)  is co im ie rc ia l l y  

a v a i l a b l e  o n l y  by custom syn thes i s .  However, 5 -3H- l - t ryp tophan can be conver t -  

ed t o  5 -3H- indo le -3-acet ic  a c i d  i n  70% y i e l d ,  and a t  one- ten th  t h e  cos t ,  by 

enzynes f rom Pseudomonas savas tano i  by t h e  f o l l o w i n g  r e a c t i o n  sequence (1,Z) : 
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- a)  1 - t r yp tophan  t 02 : indole-3-acetarnide + CO2 + H20 

- b )  indo le -3-acetamide t 2H20 - i n d o l e - 3 - a c e t i c  a c i d  + 14HqOH 

Labe led  I A A  may then  be conver ted  t o  i ndo le -3 -ace ty l  - w - i n o s i t o l  by enzyrnes 

f rom k e r n e l s  o f  Zea nays by t h e  r e a c t i o n  sequence ( 3 ) :  

c) i n d o l e - 3 - a c e t i c  a c i d  + UDPG - indole-3-acetyl-l-~-~-D-glucose 
- d )  indole-3-acetyl-l-~-~-D-g1ucose + e - i n o s i t o l  - i n d o l e - 3 - a c e t y l -  

w - i n o s i t o l  + g lucose 

The enzyme c a t a l y z i n g  r e a c t i o n  has been c h a r a c t e r i z e d  as t r yp tophan  Z-mono- 

oxygenase (EC 1.13.12.3) (1 ,  4 ) ;  t h e  enzymes c a t a l y z i n g  r e a c t i o n s  b, c and 4 

have been c h a r a c t e r i z e d  o n l y  as t o  t h e  p roduc ts  formed (1, 3 ) .  

A chemical  s y n t h e s i s  o f  14C- indo l  e -3 -ace ty l  - w - i n o s i  t o 1  employing I 4 C -  

IAA- imidazo le  as t h e  a c y l a t i o n  reagent  and w - i n o s i t o l  as t h e  a l coho l  acceptor  

has been pub l i shed  ( 5 )  as has an enzymatic s y n t h e s i s  o f  I 4 C - I A A  u s i n g  a s i m i l a r  

Pseudomonas savas tano i  enzyme p r e p a r a t i o n  ( 2 ) .  However, t h e  enzymatic 

syntheses here  desc r ibed  a r e  adapted  t o  a h i g h  s p e c i f i c  a c t i v i t y ,  m ic rosca le  

s y n t h e s i s  o f  3 H - I R A - w - i n o s i t o l  and 3H- IAA.  3H-IAA has been used t o  s tudy  

t r a n s p o r t  ( 6 )  and rnetabolisri i ( c f .  7 )  o f  I A A  i n  p l a n t s  and i n  a r a d i o i m u n o a s s a y  

f o r  I A A  (8 ) .  IAA--- inosi to l  i s  a ma jo r  e s t e r  o f  IAA i n  Zea ( 9 ) ,  and t h e  

l a b e l e d  compound has been used t o  s tudy  t u r n o v e r  o f  t h e  e s t e r  (10) and i t s  

t r a n s p o r t  (11).  

EXPERIMENTAL 

f4a te r ia l s :  

5 -3H- l - t ryp tophan,  s p e c i f i c  a c t i v i t y  29 Ci/mnol ( + l o % ) ,  was ob ta ined  f rom 

Research Produc ts  I n t e r n a t i o n a l  Corp. (a  p roduc t  o f  CEA, France) and used w i t h -  

o u t  i s o t o p i c  d i l u t i o n  o r  p r i o r  p u r i f i c a t i o n .  It was 75% r a d i o c h e m i c a l l y  pure 

as determined on t h i n  l a y e r  chromatograms ( S i l i c a  Gel 60 t l c  p l a t e s ,  E. i l e rck ,  

Darmstadt )  developed w i t h  So lven t  A ( m e t h y l e t h y l  ke tone-e thy lace ta te -e thano l -  

wa te r  [3:5:1: 13).  s p e c i f i c  a c t i  - 
v i t y  508 uCi/mmole, was syn thes i zed  by D r .  J.D. Cohen (12).  H igh  performance 

[ 2 - r i  n ~ j - ~ ~ C ] i n d o l e - 3 - b u t y r i c  a c i d  ( 14C-IBA), 
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l i q u i d  Chromatography (HPLC) was performed on a Whatman PXS 10/25 ODS reve rse  

phase column (25 cm x 0.46 cm) w i t h  a LIhatman C0:PELL ODS precolumn ( 7  CIA x 0.2 

CM) (Whatman Inc. ,  C l i f t o n ,  NJ). Te t rahyd ro fu ran  was r e d i s t i l l e d  ove r  

po tass ium inetal  under an N2 atinosphere i m n e d i a t e l y  p r i o r  t o  use. Gas-1 i q u i d  

chromatography was performed on a Var ian  2740 gas chromatograph equipped w i t h  

b o t h  a Var ian  TSO n i t r o g e n  s p e c i f i c  t he rm ion ic  d e t e c t o r  and an FID w i t h  N2 as 

c a r r i e r  gas. Two G ft x 2 mm I D  g l a s s  columns packed w i t h  3% OV17 on 100/120 

Gas Chrom Q ( A p p l i e d  Science, S t a t e  Co l lege,  PA) were used, one w i t h  t h e  

n i t r o g e n  s p e c i f i c  d e t e c t o r  f o r  d e t e r m i n a t i o n  o f  t h e  r e l a t i v e  q u a n t i t i e s  o f  

compound and one i n  c o n j u n c t i o n  wi th an F I D  f o r  peak c o l l e c t i o n  t o  de termine 

r a d i o a c t i v i t y .  S c i n t i l l a t i o n  c o u n t i n g  was performed w i t h  a Beckman LS7000 

s c i n t i l l a t i o n  counter.  SP Sephadex C-25 was frorn Pharmacia Inc. ,  Piscataway, 

NJ; UDPG, i n d o l e - 3 - a c e t i c  a c i d  and G - i n o s i t o l  were produc ts  o f  Sigma Cheniical 

Co., S t .  Lou is ,  MO, and used w i t h o u t  p u r i f i c a t i o n .  

Enzyine p r e p a r a t i o n :  

Pseudomonas savas tano i  was grown as desc r ibed  by Kosuge e t  a1 ( l ) ,  

harves ted  by c e n t r i f u g a t i o n  and s t o r e d  as a c e l l  pas te  i n  l i q u i d  n i t rogen .  A l l  

enzyme p r e p a r a t i v e  s teps  were per fo rmed a t  0-3". Approx imate ly  10 g o f  f r o z e n  

c e l l s  were thawed and suspended i n  50 n i l  o f  g lass  d i s t i l l e d  water,  resedimen- 

t e d ,  and t h i s  p rocedure  repeated  t h r e e  t imes.  The p e l l e t  f rom t h e  t h i r d  

C e n t r i f u g a t i o n  was suspended i n  50 m l  o f  0.01 M potassium phosphate b u f f e r ,  pH 

7.6, c o n t a i n i n g  5 mi4 mercaptoe thano l .  The c e l l  suspension was s o n i c a l l y  

d i s r u p t e d  (Branson Model 125, Branson Ins t rumen ts ,  Inc., Danbury, Conn.) f o r  

f i v e  30 sec pu lses  w i t h  30 sec i n t e r v a l s  between each pu lse ,  and t h e  r e s u l t a n t  

homogenate was c e n t r i f u g e d  a t  20,000 x g f o r  15 min. To t h e  supernatan t  f l u i d  

(50  in1 t o t a l  volume), 15.6 g o f  s o l i d  (NH4)2S04 (enzyme grade, Mann i iesearch 

Lab., Inc., New York, NY) was added, t h e  r e s u l t a n t  p r e c i p i t a t e  sediinented by 

c e n t r i f u g a t i o n  and then  d i s s o l v e d  i n  5 m l  o f  0.05 M Tris-HC1, pli 7.6, c o n t a i n -  

i n g  5 inM mercaptoethanol .  T h i s  s o l u t i o n  was d e s a l t e d  on a 30 in1 bed volucie 

Sephadex 6-50 column e l u t e d  w i t h  t h e  b u f f e r  used t o  d i s s o l v e  t h e  (Nt14)2S04 
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p e l l e t .  The d e s a l t e d  enzyme (10  m l  t o t a l  volume) was d i v i d e d  i n t o  1 m l  

a l i q u o t s  and s t o r e d  a t  -70" f o r  f u r t h e r  use. Under t h e s e  c o n d i t i o n s  bo th  

d e c a r b o x y l a t i n g  and h y d r o x y l a t i n g  enzymes were s t a b l e  f o r  a t  l e a s t  2 weeks. 

An enzyme p r e p a r a t i o n  f ro in  &, c a t a l y z i n g  r e a c t i o n s  c and 4, was prepared 

by  t h e  method of Kopcewicz e t  a1 (13) .  Stage I enzymes ( t h e  10,000 x g super-  

n a t a n t  o f  t h e  c rude  homogenate) were inade 854 s a t u r a t e d  w i t h  respec t  t o  

(NH4)2S04 by t h e  a d d i t i o n  o f  t h e  s o l i d  s a l t .  The p r e c i p i t a t e d  p r o t e i n s  were 

suspended i n  0.01 M Tris-HC1, pti 7.1, b u f f e r  and d e s a l t e d  on a Sephadex G-50 

coluinn t o  y i e l d  S tage I 1  enzymes (3 ) .  T h i s  p r e p a r a t i o n ,  i n  5.0 m l  a l i q u o t s  

s t o r e d  a t  -70°, was s t a b l e  f o r  a t  l e a s t  10 weeks. 

Produc t  c h a r a c t e r i z a t i o n  : 

I n d o l e - 3 - a c e t i c  a c i d :  The t i m e  course  f o r  t h e  convers ion  o f  5 - 3 H - l - t r y t o -  

phan t o  l a b e l e d  indo le -3-acetamide and I A A  was f o l l o w e d  by t h i n  l a y e r  chromato- 

graphy o f  a l i q u o t s  o f  t h e  enzyme r e a c t i o n  m ix tu re .  Wi th  So lven t  A on S i l i c a  

Gel 60, a u t h e n t i c  1 - t ryp tophan,  i ndo le -3 -ace tao ide  and I A A  a r e  a t  Kf  0.13, 0.75 

and 0.87 r e s p e c t i v e l y .  The R f  o f  t h e  pu ta-  

t i v e  I A A  i n  another  s o l v e n t  system, ch lo ro fo rm-methano l -water  (85:14:1),  on 

S i l i c a  Gel GO was a l s o  i d e n t i c a l  t o  t h a t  o f  a u t h e n t i c  IAA (Rf 0.23). The GC 

r e t e n t i o n  t i m e  o f  t h e  methy l  e s t e r ,  p repared u s i n g  diazomethane (14 ) ,  was 

i d e n t i c a l  t o  t h a t  o f  t h e  methyl  e s t e r  o f  a u t h e n t i c  I A A .  The i d e n t i t y  o f  I A A  

was f u r t h e r  e s t a b l i s h e d  b y  i t s  conve rs ion  t o  I A A - w - i n o s i t o l .  

The p u t a t i v e  I A A  was a t  R f  0.87. 

The rad ioche in ica l  p u r i t y  o f  3 H - I ~  was de termined by t h i n  l a y e r  chroma- 

tog raphy  i n  two s o l v e n t  systems ( S o l v e n t  A and ch lo ro fo rm-methano l -water  

[85:14:1]) on S i l i c a  Gel 60. 

The s p e c i f i c  a c t i v i t y  o f  t h e  3H-IAA was de termined by a m o d i f i c a t i o n  o f  

t h e  method o f  Cohen and Schu lze  (12) .  Approx imate ly  2 ninole 14C-IBA was added 

t o  1 nrnole b i o s y n t h e t i c  3H-IAA. M e t h y l a t i o n  o f  t h e  m i x t u r e  and gas chrornato- 

g raphy  u s i n g  t h e  n i t r o g e n  s p e c i f i c  d e t e c t o r  (12) showed t h e  mole r a t i o  o f  IBA 

t o  I A A  t o  be 0.78. Chromatography o f  a second a l i q u o t  o f  t h e  mixed methy l  

e s t e r s  w i t h  c o l l e c t i o n  o f  t h e  r a d i o a c t i v i t y  a t  t h e  r e t e n t i o n  t imes  o f  IAA and 
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and I B A  showed 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 i e s  o f  I A A  t o  IBA t o  be 70,800. AS 

can be deduced f rom t h e  equa t ions  o f  Cohen and Schu lze  ( 1 2 ) ,  t h e  s p e c i f i c  a c t i -  

v i t y  o f  t h e  I A A  i n  t h e  m i x t u r e  can be c a l c u l a t e d  by t h e  f o l l o w i n g  equa t ion :  

inoles I B A ) ( s p e c i f i c  a c t i v i t y  IBA) = s p e c i f i c  a c t i v i t y  IAA 

The s p e c i f i c  a c t i v i t y  o f  t h e  3 H - I A A  was de termined t o  be 28 Ci/mmole. 

I ndo le -3 -ace ty l  - w - i n o s i  t o 1  : The p u t a t i v e  mixed i somer i c  I A A - g g - i  nos i  - 

t o l s  (15 )  were e l u t e d  f ro in  a 0.9 x 17 cin HPLC column o f  s u l f o n a t e d  s t y rene-  

d i v iny lbenzene  copolymer (Beckman PA-28) (5,16) w i th  r e t e n t i o n  t imes  i d e n t i c a l  

t o  t h o s e  o f  a u t h e n t i c  I A A - w - i n o s i t o l s .  They had t h e  same Kf  va lues  on t h i n  

l a y e r  chroinatograrns ( S i l i c a  Gel 60 deve loped i n  So lven t  A) as d i d  a u t h e n t i c  I A A -  

w - i n o s i t o l s  (Rfs 0.28 and 0.32). Upon a m o n o l y s i s  i n  15% NH40H f o r  45 min a t  

45", t h e  methyl  e s t e r  p repared f r o m  t h e  sample had a GC r e t e n t i o n  t i m e  i d e n t i c a l  

t o  t h a t  o f  t h e  methyl  e s t e r  o f  a u t h e n t i c  I A A .  Ammonolysis o f  I A A  e s t e r s  y i e l d s  

t h e  f r e e  a c i d  and t h e  amide. The amide was n o t  v o l a t i l e  i n  t h e  GC system used 

and was no t  de tec ted .  I n  a p rev ious  paper (3 ) ,  GC-MS a n a l y s i s  o f  t h e  t r i m e t h y l -  

s i l y l  d e r i v a t i v e s  o f  t h e  r e a c t i o n  p roduc ts  o f  Zea enzyme Stage I 1  and un labe led  

a u t h e n t i c  I A A  showed mass s p e c t r a l  f rag inen ta t i on  p a t t e r n s  i d e n t i c a l  t o  those  o f  

a u t h e n t i c  hexak is  t r i i i i e t h y l  s i l y l - I A A - Q - i n o s i t o l .  

The rad ioche in ica l  p u r i t y  o f  3 H - I A A - ~ o - i n o s i t o l  was de termined by t h i n  l a y -  

e r  chrornatography on S i l i c a  Gel 60 deve loped i n  So lven t  A. 

The s p e c i f i c  a c t i v i t y  o f  t h e  3 H - I A A - w - i n o s i t o l  was de termined a f t e r  p u r i -  

f i c a t i o n  t o  94% rad iochemica l  p u r i t y  by f i r s t  chromatographing it over  an 

SP-sephadex column ( 1  m l  bed volume) e l u t e d  w i th  2-propanol-H20 (1: l )  and t h e n  

chromatograph ing  i t  on a r e v e r s e  phase HPLC column e l u t e d  w i t h  t e t r a h y d r o f u r a n -  

1i20 (18:82). The e s t e r  was a m o n o l y z e d  t o  f r e e  IAA, and t h e  procedure desc r ibed  

above was f o l l o w e d  e x a c t l y .  Approx imate ly  3 niiiole 14C-IBA was added t o  0.5 

niiiole 3 H - I A A  f ro in  amnonolyzed b i o s y n t h e t i c  3 H - I A A - w - i n o s i t o l .  The mole r a t i o  

of  I B A  t o  I A A  was 2.13 and t h e  r a t i o  o f  r a d i o a c t i v i t y  i n  IAA t o  I B A  was 24,500. 

The s p e c i f i c  a c t i v i t y  o f  3 1 i - I A A - ~ - i n o s i t o l  was c a l c u l a t e d  t o  be 27 Ci/mmole. 



126 L .  Michalczuk and J.R. Chisnett 

Enzymatic Conversions: 

5 -3H- indo le -3-acet ic  a c i d :  The 5-3H-1-tryptophan (1.5 m C i ,  0.05 pmol ) i n  

1.5 n l  o f  wa te r  was incuba ted  w i t h  1.0 m? o f  t h e  Pseudomonas enzyme p r e p a r a t i o n  

i n  0.05 M TrisHC1, pH 7.6, b u f f e r  f o r  2 h r  a t  37". The r e a c t i o n  proceeded t o  

90% comp le t i on  as de termined by t h i n  l a y e r  chromatography and was te rm ina ted  by 

t h e  a d d i t i o n  o f  an equal volume o f  2-propanol .  Denatured p r o t e i n s  were removed 

by  c e n t r i f u g a t i o n  and t h e  superna tan t  f l u i d  a p p l i e d  t o  a 0.6 x 20 cm DEAE- 

Sephadex-acetate column. The column was developed w i t h  300 in1 o f  a l i n e a r  

g r a d i e n t  o f  1 : l  2 -propano l -water  t o  1:l 2-propanol-0.04 M po tass ium phosphate 

(pH 3.5). E l u t i o n  was a t  0.04 M phosphate (140 t o  154 m l ) .  Tubes c o n t a i n i n g  

more t h a n  5% o f  t h e  t o t a l  e l u t e d  r a d i o a c t i v i t y  were combined. The I A A  was 

e x t r a c t e d  i n t o  e t h e r  ( 4  x 14 m l ) ,  t h e  e t h e r  d r i e d  over  Na2S04 and evapora ted  t o  

nea r  dryness, and t h e  IAA t a k e n  up i n  5 m l  o f  a c e t o n i t r i l e .  The y i e l d  was G W ,  

t h e  rad iochemica l  p u r i t y  was 91%, and t h e  s p e c i f i c  a c t i v i t y  was 28 Ci/inrnole. 

5-3H-indole-3-acetyl-myo-inositol: The 5 -3H- l - t r yp tophan  (1.5 m C i  , 0.05 

umol)  i n  1.5 m l  water  was incuba ted  w i t h  1.0 nil o f  t h e  Pseudomonas enzyme 

p r e p a r a t i o n  and 1.5 m l  o f  t h e  Zea enzyme p r e p a r a t i o n  Stage 11, t o g e t h e r  w i t h  5 

umol o f  UDPG and 5 umol o f  m y o - i n o s i t o l  i n  a t o t a l  volume o f  4 m l .  The reac-  

t i o n  was s topped by add ing  an equal  volume o f  2 -propano l ;  t h e  p roduc t  was f r e e d  

o f  a n i o n i c  n a t e r i a l s  and p u r i f i e d  on t h e  PA-28 HPLC column developed w i t h  1: l  

2-propano l -water  (3 ) .  The r e s u l t a n t  p roduc t  was s t o r e d  i n  1: l  2 -propano l -water  

a t  -20' i n  sea led  ampules. The y i e l d  was 40% based on 1- t ryp tophan,  t h e  

rad iochemica l  p u r i t y  was 70%, and t h e  s p e c i f i c  a c t i v i t y  was 27 Ci/mmole. 

I n c u b a t i o n  of t h e  t r y p t o p h a n  w i t h  b o t h  enzyme p r e p a r a t i o n s  s i i nu l taneous ly  

p r o v i d e d  b e t t e r  y i e l d s  o f  I A A - g p i n o s i t o l  t h a n  d i d  c o n v e r t i n g  t r y p t o p h a n  t o  

IAA arid l a t e r  e s t e r i f y i n g  t h e  IAA t o  m y o - i n o s i t o l .  
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DISCUSS I ON 

Our r e s u l t s  i n d i c a t e  t h a t  h i g h  s p e c i f i c  a c t i v i t y  3H- t ryp tophan can be 

e n z y m a t i c a l l y  conve r ted  t o  3 H - I ~  and 3 H - I A A - w - i n o s i t o l  wi th l i t t l e  o r  no 

d i l u t i o n  o f  t h e  s p e c i f i c  a c t i v i t y .  The determined s p e c i f i c  a c t i v i t i e s  o f  t h e  

p roduc ts  a r e  w i t h i n  10% o f  t h a t  o f  t h e  manu fac tu re r ' s  s t a t e d  s p e c i f i c  a c t i v i t y  

o f  29 Ci /mnole f o r  t h e  3H- l - t r yp tophan  subs t ra te .  The manu fac tu re r ' s  accuracy 

i n  t h e  s p e c i f i c  a c t i v i t y  d e t e r m i n a t i o n  was +lo%. 

The m o d i f i c a t i o n  o f  t h e  s p e c i f i c  a c t i v i t y  de te rm ina t ion  method o f  Cohen 

and Schu lze  used here  i s  a s i m p l i f i c a t i o n  o f  t h e i r  c a l c u l a t i o n s .  T h i s  s i i n p l i -  

f i c a t i o n  e l i m i n a t e s  t h e  requ i rement  f o r  knowing t h e  amount o f  i n t e r n a l  s tandard  

added t o  t h e  sample ( i n  t h i s  case 14C-IBA); o n l y  t h e  s p e c i f i c  a c t i v i t y  need be 

known. I t  a l s o  e l i m i n a t e s  t h e  requ i rement  t h a t  t h e  i s o t o p i c a l l y  l a b e l e d  i n t e r -  

n a l  s tandard  be chemica l l y  r e l a t e d ,  and r e q u i r e s  o n l y  t h a t  t h e  s tandard  c o n t a i n  

n i t r o g e n  and t h a t  t h e  r e l a t i v e  n i t r o g e n  s p e c i f i c  d e t e c t o r  response t o  t h e  two 

compounds be determined. L a s t l y ,  by reduc ing  t h e  number o f  c a l c u l a t i o n s  t h e  

accuracy  o f  t h e  method i s  improved. 
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