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ACTIVE TRITIUM-LABELLED VIBRIO FISCHERI  AUTOINDUCER 
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SUMMARY 

N-( 3-0x0-4-hexenoyl ) homoserine l ac tone  was synthesized 
and then reduced w i t h  Wi lk inson 's  c a t a l y s t  i n  the  resence 
o f  t r i t i u m  gas t o  form N-[3-oxo-(4,5-3H2)-hexanoyl~ homoserine 
l ac tone  (45-55 Ci/mnol). The l a b e l l e d  compound was i n d i s -  
t i ngu ishab le  from the  autoinducer f o r  V i b r i o  f i s c h e r i  l u c i -  
ferase [N-( 3-oxohexanoyl ) homoserine l a c t o n e l  by high-performance 
l i q u i d  chromatography and i t  was b i o l o g i c a l l y  a c t i v e .  

Key Words: Autoinducer, N-[3-oxo-(4,5-3H2)-hexanoyl] homoserine lactone. 

Bioluminescence, V i b r i o  f i s c h e r i ,  Wi lk inson 's  c a t a l y s t  

INTRODUCTION 

Luc ferase, which cata lyzes l i g h t  emission, i s  i n d u c i b l e  i n  many luminous 

b a c t e r i a  

excreted i n t o  the c u l t u r e  medium. 

e x t r a c e l l u l a r  concentrat ion,  i n d u c t i o n  o f  b a c t e r i a l  l u c i f e r a s e  synthes is  and 

thus luminescence comnences (1,2). 

t h a t  o f  V i b r i o  f i s c h e r i .  

lac tone (3), i s  spec ies-speci f ic :  o the r  luminous b a c t e r i a l  species e x h i b i t  

s i m i l a r  r e g u l a t o r y  mechanisms b u t  t h e i r  autoinducers do no t  cross-react  

The inducer  (termed auto inducer)  i s  produced by the b a c t e r i a  and 

When the autoinducer reaches a c r i t i c a l  

The o n l y  autoinducer s t r u c t u r e  known i s  

Th i s  autoinducer, N-(3-oxohexanoyl) homoserine 
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with that produced by v. fischeri ( 1 , 4 ) .  

an environmental sensing mechanism: in habitats where a species-specific 

autoinducer can accumulate the bacteria are signalled to synthesize luciferase 

(2 ) .  Autoinduction in 1. fischeri is thought to be of ecological importance 

since it ensures luciferase synthesis when cells are in a symbiotic habitat, 

such as the light organs of pinecone fish, where they are contained at 

high densities (5,6,7). 

Autoinduction can be considered 

To learn m r e  about the phenomenon of autoinduction and to understand 

better the control of genes expressed specifically when bacteria are in symbi- 

CHZ-CH~ 
I I  

+ NaOH =+ CHj-CH = 

3 - 

Scheme for the synthesis o f  N-[3-0~0-(4,5-3H2)-hexanoyl) homoserine lactone. 
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otic associations with higher organisms, we synthesized radiolabelled auto- 

inducer of high specific activity for use in tracer studies. One advantage o f  

our method of synthesis is that radioisotopes were not involved until the fina 

reaction step. 

homoserine lactone 51 was synthesized, and then reduced with carrier-free 
tritium gas by Wilkinson's catalyst to form the labelled autoinducer, 6. 

An unsaturated analogue of autoinducer [N-(3-oxo-4-hexenoyl) 

EXPERIMENTAL 

Reagents. 

homogeneous catalyst [8] ) , a-amino-y-butyrol actone hydrobromide, crotonic 

acid, diethyl malonate and n-butyl lithium were obtained from Aldrich Chemical 

Co., Milwaukee, WI. 1-ethyl-3-( 3-dimethylaminopropyl )carbodiimide was purchased 

from Sigma Chemical Co., St. Louis, MO. Dowex 50W-X4 and Dowex 1-X4 50-100 

mesh ion exchange resins were obtained from Bio-Rad Laboratories, Richmond, 

CA . 

Tris (triphenylphosphine) rhodium (I) chloride (Wilkinson's 

Apparatus. 

graphy (HPLC) included a Beckman llOA pump, an Altex 156 refractive index 

detector and a 1 cm x 25 cm c18 reverse phase column (Altex Ultra-sphere 

ODS) .  

New England Nuclear Corp.. Boston, MA, with a Waters M600A pump, a Waters 

660 solvent programer, a 2 cm x 50 cm c18 reverse phase column (Whatman 

M20, Partisil-10 ODs-3), and a modified flow through Geiger counter as 

the detector. 

spectra. 

to determine chemical shifts. 

Elmer 137 I R  spectrophotometer. Mass spectra were obtained with an AEI 

MS902 mass spectrometer. A Perkin-Elmer 151 annular still was used for 

spinning band distillations. Bacterial luminescence was monitored with 

a Turner model 20 photometer adjusted for continuous light measurement, 

and calibrated as previously described (9). 

for scintillation counting. 

Bacterial strain and growth medium. 

861 (2.10). 

Generally, the equipment for high-performance liquid chromato- 

Preparative HPLC of radiolabelled autoinducer 6 was performed at 

A Varian T-60 NMR spectrometer was used to obtain 'H NMR 

Internal or external. standards of tetramethyl silane were used 

Infrared spectra were obtained with a Perkin 

Standard procedures were used 

The bacterial strain used was u. fischeri 

This strain makes very little autoinducer and therefore is 
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dim. 

making t h i s  an appropr ia te s t r a i n  f o r  use i n  auto inducer  bioassays ( 2 ) .  

The c u l t u r e  medium contained the  f o l l o w i n g  i ng red ien ts  pe r  l i t e r :  5 g Tryptone 

(Di fco,  D e t r o i t ,  MI), 3 g Yeast E x t r a c t  (Di fco,  D e t r o i t ,  MI), 3 m l  g l y c e r o l ,  

50 mnol T r i s  base, 19 mnol NH4C1, 0.33 mnol K2HP04.3H20. 1.8 nmol FeS04.7H20, 

and 500 m l  o f  seawater s a l t s  s o l u t i o n  (seawater s a l t s  s o l u t i o n  consis ted 

o f  0 .6 M NaC1, 0.1 M MgS04-7H20, 0.02 M CaC12.2H20, and 0.02 M KC1). 

medium was brought t o  volume w i t h  de ion ized water. 

t o  7.0 w i t h  concentrated HC1 and the medium was s t e r i l i z e d  by autoc lav ing.  

Autoinducer bioassays. C e l l s  used f o r  bioassays were c u l t u r e d  i n  5 m l  

o f  medium contained i n  16 x 150 mn tubes. Incubat ion was a t  22°C w i t h  

shaking. 

phase c u l t u r e  which had been s to red  i n  l i q u i d  n i t rogen .  

vested by c e n t r i f u g a t i o n  (6,000 x g a t  3°C f o r  5 min) when c u l t u r e s  

reached a d e n s i t y  of 1.0 (OD660 Spectronic 21, Bausch and Lomb, Rochester, 

NY). 

medium (0.3 M NaC1, 0.05 M MgS04.7H20, 0.01 M potassium phosphate b u f f e r ,  

[pH 7.01, 0.05% Tryptone [Oifco, D e t r o i t ,  MI ] ,  and 0.03% g l y c e r o l ) .  Th i s  

c e l l  suspension (approximately 3 x 108 c e l l s  pe r  m l )  was s tored on i c e  

f o r  use i n  bioassays. 

Exogenously added auto inducer  s t imu la tes  luminescence o f  s t r a i n  861, 

The 

The pH was adjusted 

The c u l t u r e s  were i nocu la ted  w i t h  0.2 m l  o f  a mid- logar i thmic 

C e l l s  were har- 

C e l l s  from a 5-ml c u l t u r e  were resuspended i n  50 m l  o f  bioassay 

For each autoinducer bioassay, 1 m l  o f  the c e l l  suspension descr ibed 

above was dispensed i n t o  a 20-ml g lass s c i n t i l l a t i o n  v i a l  and the compound 

tes ted  was added as a s o l u t i o n  i n  50 111 o r  l e s s  o f  de ion ized water. Incu- 

b a t i o n  was a t  25°C and luminescence was measured p e r i o d i c a l l y .  

E thy l  3-0x0-4-hexenoate (1) 
Crotonyl c h l o r i d e  was obta ined as a d i s t i l l a t e  a f t e r  r e f l u x i n g  c r o t o n i c  

a c i d  w i t h  t h i o n y l  ch lo r i de .  Monoethyl hydrogen malonate was prepared 

by KOH hyd ro l ys i s  o f  d i e t h y l  malonate i n  ethanol and subsequent a c i d i -  

f i c a t i o n  w i t h  HC1 (11). This  was converted t o  the  d i l i t h i o  d ian ion  w i t h  

2 equ iva len ts  o f  n-buty l  l i t h i u m  i n  te t rahyd ro fu ran .  Crotony l  c h l o r i d e  
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and the  d i l i t h i o  d ian ion  o f  monoethyl hydrogen malonate were then a l lowed 

t o  r e a c t  t o  g i ve  a 24% y i e l d  o f  the crude 8-keto es te r ,  e t h y l  3-0x0-4-hexenoate 

- 1 (12). 

Ethylene g l y c o l  k e t a l  o f  e t h y l  3-0x0-4-hexenoate (2) 
To prevent decarboxy lat ion i n  l a t e r  steps, 1 was p ro tec ted  through 

formation of i t s  e thy lene g l y c o l  k e t a l  by  r e f l u x i n g  10.2 g o f  1 w i t h  12.2 g 

of e thy lene g l y c o l  and 0.115 g o f  p- to luene s u l f o n i c  acideH20 i n  250 m l  

of benzene f o r  28 h. 

of t h i s  reac t i on .  Upon completion o f  t he  reac t i on ,  t he  m ix tu re  was washed 

w i t h  50 m l  of a saturated NaHC03 s o l u t i o n  and 50 m l  o f  a saturated NaCl 

so lu t i on ,  d r i e d  over MgS04 and the so l ven t  removed by r o t a r y  evaporation. 

This was perfonned th ree  t imes and the products were pooled and p u r i f i e d  

by sp inn ing band d i s t i l l a t i o n ,  g i v i n g  a 35% y i e l d  o f  2 b o i l i n g  a t  68-69”C/0.2 

t o r r ;  ’ H NMR (CCl4) : 1.2( t ,3H9-O-CH2-CHJ) , 1.8( d ,3H9CHJ-CH=), 2.6( s,  2H9-Ck-COO-), 

4.0(s94H, k e t a l  r i n g  hydrogens), 4.2(q92H,-0-C&-CH3), 5.7-6.2(m,2H9CH3-Cfi=Cj-). 

Ethylene g l y c o l  k e t a l  o f  sodium 3-0x0-4-hexenoate (3) 

A Dean-Stark t r a p  was used t o  moni tor  t he  progress 

The p ro tec ted  8-keto e s t e r  2 was converted t o  i t s  sodium s a l t  3 by  

heat ing a t  r e f l u x  f o r  1 h w i t h  a s l i g h t  excess o f  NaOH. 

product was n e u t r a l i z e d  w i t h  HCl ,  washed th ree  t imes w i t h  d i e t h y l  ether, 

and then water was removed by r o t a r y  evaporation. 

Ethylene g l y c o l  k e t a l  o f  N-( 3-0x0-4-hexenoyl ) homoserine l ac tone  (A) 

The r e a c t i o n  

A m ix tu re  o f  48.25 mnol o f  3 was s t i r r e d  w i t h  a s l i g h t  excess o f  

a-amino-y-butyrol actone hydrobromide and 1-ethy l -3- (  3-dimethylaminopropyl ) 

carbodi imide i n  75 m l  o f  water f o r  24 h. The water was removed by r o t a r y  

evaporat ion and absolute ethanol  was added t o  the t h i c k  y e l l o w  o i l  which 

remained. The r e s u l t i n g  y e l l o w  s o l u t i o n  was separated from the whi te  

p r e c i p i t a t e  and the ethanol was removed by r o t a r y  evaporat ion l eav ing  

a ye l l ow  o i l .  

e t h y l  acetate. 

by r o t a r y  evaporation. 

This  o i l  was repeatedly  ex t rac ted  by t r i t u r a t i o n  i n  warm 

The s o l u t i o n s  were pooled and the e t h y l  acetate was removed 

The remaining m a t e r i a l  was d i sso l ved  i n  water 
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and p u r i f i e d  by Dowex 50W-X4 c a t i o n  exchange and Dowex 1-X4 anion exchange 

column chromatography g i v i n g  30.2 mnol (63%) 2; ' H  NMR (D2D): 2.0(d,3H,Ctl3-CH=), 

3. I (  s ,2H, -Cl&+COO-), 4.3( s ,4H, k e t a l  r i n g  hydrogens ) , 5.7-6.7(m.ZH.CH3-CH=CH-), - -  

2.6-3.0, 4.6-5.2 (m,5H, l ac tone  r i n g  hydrogens); I R :  (1770, 1720, 1660, 

1540, 1180, 1030 cm-1 major bands). 

N-( 3-0x0-4-hexenoyl ) homoseri ne 1 actone (5) 
Compound 4 (30.2 n o l )  was deprotected by r e f l u x i n g  i n  100 equ iva len ts  

o f  water a t  pH 4.0 f o r  5 min. 

and the remaining product was p u r i f i e d  by HPLC us ing water: methanol, 

65:35 a t  a f l o w  r a t e  of 2.0 m l  per  min. 

approximately 100 mg o f  2. 
i o n  a t  ~ / g  211.0828. 

( ca l cu la ted  value, 211.0844). ' H NMR( D20) : 2 . l ( d  ,3H,Ch-CH=), 3.9( s ,ZH,-Ck-CON-), 

6.3-6.6(d,lH,CHyCH=C!-), 7.1-7.7(m,lH,CH3-CtJ=), 2.4-3.2, 4.5-5.1(m. 5H, 

lactone r i n g  hydrogens). 

N-[ 3-0x0- (4,5-3H2)-hexanoyl] homoserine 1 actone (6) 

The water was removed by r o t a r y  evaporat ion 

Each sample i n j e c t e d  contained 

Yie ld :  76%. Mass spect ra e x h i b i t e d  the molecular  

This  corresponded t o  the elemental composit ion CloH13NOq 

The s e l e c t i v e  reduc t i on  o f  5 t o  g i ve  the  t r i t i a t e d  auto inducer  5 
was accomplished by d i s s o l v i n g  20 mg (0.095 mnol) o f  2 i n  1 m l  o f  benzene: 

ethanol (1:1), adding 5 mg o f  Wi lk inson 's  homogeneous c a t a l y s t  (8,13) and 

s t l r r i n g  ove rn igh t  a t  room temperature i n  an atmosphere o f  t r i t i u m  gas 

(85 C i ) .  

t r i t i u m  was removed i n  vacuo w i t h  a s o l u t i o n  o f  benzene: ethanol ( l : l ,  

6 m l ) .  The res idue was d i sso l ved  i n  2 m l  o f  methanol, sonicated f o r  15 

min and f i l t e r e d .  The f i l t e r  was washed w i t h  3 m l  o f  methanol and the 

combined methanol s o l u t i o n s  were evaporated t o  dryness i n  vacuo. The 

r e s u l t i n g  o i l  was t r i t u r a t e d  tw ice  i n  2 m l  of water. 

by r o t a r y  evaporat ion and the crude 5 was p u r i f i e d  by p repara t i ve  HPLC 

us ing water: methanol, 75:25 a t  a f l o w  r a t e  o f  7.5 m l  per  min. There 

was a sharp peak of r a d i o a c t i v i t y  i n  the 427.5 t o  450 m l  f r a c t i o n  o f  e luant .  

This peak was co l l ec ted ,  the so l ven t  removed by evaporat ion and the  remaining 

During the reac t i on ,  2.3 m l  o f  t r i t i u m  gas was absorbed. L a b i l e  

The water was removed 
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r a d i o a c t i v e  ma te r ia l  d i sso l ved  i n  e t h y l  acetate, g i v i n g  

This  corresponds t o  approx imate ly  0.011 mmol (12% y i e l d  

547 m C i  o f  t r i t i u m .  

O f  N - [ ~ - o x o - ( ~ , ~ - ~ H ~  

hexanoyl] homoserine lactone,  5 (45-55 Ci/mnol). 

s tep and p u r i f i c a t i o n  o f  5 were performed by the Tr i t ium/Radio iod ine Label ing 

Services Department a t  New England Nuclear Corp., Boston, MA. 

The s - l e c t i v e  reduc t i on  

Evidence t o  support t he  s t r u c t u r a l  assignment f o r  the synthesized 

compound 5 was obtained by HPLC ana lys i s  (F ig .  1 ) .  Furthermore, the b io log -  

i c a l  a c t i v i t y  o f  the r a d i o l a b e l l e d  compound 6 was s i m i l a r  t o  t h a t  o f  autoinducer, 

F igure 1. 

w i t h  autoinducer. N-(3-oxohexanoyl) homoserine lactone.  

19 nmol o f  un labe l l ed  autoinducer and 0.1 M C i  ( 2  pmol) 

compound was subjected t o  HPLC us ing  water: methanol, 75:25 a t  a f l o w  

r a t e  o f  2 m l  pe r  min. The e l u a n t  was c o l l e c t e d  i n  2 m l  f r a c t i o n s  and 

r a d i o a c t i v i t y  was determined us ing  l i q u i d  s c i n t i l l a t i o n  count ing procedures. 

23 minutes 

Chromatographic comparison o f  the r a d i o l a b e l l e d  compound 2 
A sample con ta in ing  

o f  t he  r a d i o l a b e l l e d  

The s l i g h t  radiochemical i m p u r i t y  t h a t  began t o  appear a t  

c o n s t i t u t e s  <lo% o f  the t o t a l  r a d i o a c t i v i t y .  Rechromatography o f  autoinducer 

separated from the i m p u r i t y  by HPLC always showed a small peak w i t h  a 

r e t e n t i o n  t ime i n  the range o f  23-26 minutes (data n o t  shown). 

assume t h i s  i m p u r i t y  i s  an e q u i l i b r i u m  product  o r  products formed from 

autoinducer. 

Thus we 
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TIME (minutes) 

Figure 2. 

homoserine lactone. P o s i t i v e  c o n t r o l ,  0.2 nmol o f  un labe l l ed  autoinducer 

added t o  1. f i s c h e r i  c e l l s ,  (0); negat ive c o n t r o l ,  no add i t i ons ,  (A); 

10 c lC i  (0.2 nmol) o f  N-[3-oxo-(4,5-3H~)-hexanoyl] homoserine l ac tone  added, 

Bioassay f o r  autoinducer a c t i v i t y  o f  N-[3-oxo-( 4.5-3Hz)-hexanoyl] 

(.I. 

N-( 3-oxohexanoyl 

- 6 was ca l cu la ted  

t o  f a l l  w i t h i n  a 

homoserine l ac tone  (F ig.  2). S p e c i f i c  a c t i v i t y  o f  compound 

from the r e s u l t s  o f  several bioassays (data n o t  shown) 

range o f  45-55 C i / n o l .  The mean value was 50 Ci/mnol. 
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