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US Army I n s t i t u t e  of Dental Research 

ABSTRACT 

High-performance l iqu id  chromatography was used t o  separa te  
and iden t i fy  c e l l u l a r  f a t t y  ac ids  i so la ted  from Vibrio 
parahaemolyticus, a gram-negative es tuar ine  microorganism associ-  
ated w i t h  seafood-borne e n t e r i t i s  in man. Fatty acids were iso- 
la ted  from s t a t i c a l l y  grown bac ter ia l  cu l tu re s ,  saponi f ied ,  and 
der iva t ized  with an u l t r a v i o l e t  tag.  
f a t t y  acids were in jec ted  onto a reversed-phase column with 
water :ace toni t r i le  grad ien t  a s  the  mobile phase and u l t r a v i o l e t  
de tec t ion  a t  254 nm. The predominant f a t t y  ac ids  found f o r  the 
- V .  parahaemolyticus s t r a i n s  studied were C12, C14, C16:1, C16, 
C18:l , and C18. In addi t ion ,  previously unreported f a t t y  acids 
C13, C17, Cl9, and C21 were iden t i f i ed .  Comparison of HPLC w i t h  
GLC f a t t y  acid separations showed good agreement w i t h  the excep- 
t ion  t h a t  HPLC was ab le  to  resolve previously unident i f ied  f a t t y  
acid cons t i tuents .  

Aliquots of der iva t ized  

INTRODUCTION 

Vibrio parahaemolyticus i s  an important cause of 
gas t roen te r i t i s .  I t  m u s t  be d i f f e ren t i a t ed  from c lose ly  a l l i e d  
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408 MELL, JOSEPH, AND BUSSELL 

v i b r i o s  which a r e  i n v o l v e d  i n  o t h e r  types o f  human i n f e c t i o n  ( 1 ) .  

Therefore,  emphasis i s  be ing  p laced  on c r i t e r i a  t h a t  separa te  

microorganisms which have v e r y  few d i s t i n c t l y  d i f f e r e n t  

c h a r a c t e r i s t i c s  (1,2). 

(GLC) has been used s u c c e s s f u l l y  t o  c h a r a c t e r i z e  some b a c t e r i a l  

spec ies i n c l u d i n g  - V .  parahaemolyt icus ( 3 - 6 ) .  When combined w i t h  

mass spect rometry ,  r a p i d  i d e n t i f i c a t i o n  o f  f a t t y  a c i d s  and o t h e r  

c e l l u l a r  chemical c o n s t i t u e n t s  i s  p o s s i b l e  (6 -9 ) .  Recent ly ,  
l i q u i d  chromatography was used t o  i d e n t i f y  c e l l u l a r  f a t t y  a c i d s  

f rom a e r o b i c a l l y  grown o r a l  s t r e p t o c o c c i  by i d e n t i f y i n g  t h e  f a t t y  

a c i d  phenacyl e s t e r s  us ing  reversed-phase h igh-per formance l i q u i d  

chromatography (HPLC) w i t h  u l t r a v i o l e t  d e t e c t i o n  (10 ) .  

HPLC combines g r e a t e r  s e n s i t i v i t y  and b e t t e r  s e p a r a t i o n  

c a p a b i l i t y  o f  h i g h  mo lecu la r  w e i g h t  f a t t y  a c i d s  i n  comparison w i t h  

GLC. 

t h i s  method us ing  gram-negative b a c t e r i a  l e d  us t o  ana lyze  t h e  

c e l l u l a r  f a t t y  a c i d s  o f  severa l  human 1. parahaemo ly t i cus  i s o l a t e s  

w e l l - c h a r a c t e r i z e d  by o t h e r  methods. 

agreement w i t h  r e s u l t s  o f  GLC a n a l y s i s ,  w h i l e  r e v e a l i n g  a d d i -  

t i o n a l ,  p r e v i o u s l y  undescribed, h i g h  mo lecu la r  w e i g h t  f a t t y  a c i d s .  

Th is  suggests t h a t  HPLC may p rove  u s e f u l  i n  d e t e c t i n g  t h e  presence 

and r e l a t i v e  p r o p o r t i o n s  o f  gram-negative b a c t e r i a l  c e l l u l a r  f a t t y  

ac ids  f o r  taxonomic purposes. 

Ana lys i s  o f  c e l l u l a r  f a t t y  a c i d s  by gas l i q u i d  chromatography 

These f a c t o r s  and t h e  absence o f  a p rev ious  e v a l u a t i o n  o f  

The HPLC method showed good 

MATERIALS AND METHODS 

C u l t u r e s  and Harves t i ng  

The c u l t u r e s  used were V i b r i o  parahaemolyt icus s t r a i n s  

DJ 71 31 , ATCC 2751 9, and ATCC 17802. 

h e a r t  i n f u s i o n  (BHI) b r o t h  c o n t a i n i n g  2% NaC1. 

(2% NaC1) i n  2 1 Erlenmeyer f l a s k s  was i n o c u l a t e d  w i t h  1 0  rnl o f  

c e l l s  grown w i t h o u t  shak ing i n  B H I  b r o t h  o v e r n i g h t  a t  37°C. 

They were grown i n  b r a i n  

One l i t e r  o f  B H I  
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CELLULAR FATTY ACIDS OF V.  PARAHAEMOLYTICUS 409 

I n c u b a t i o n  was con t inued  a t  37°C w i t h o u t  shak ing f o r  24 h. 
b a c t e r i a l  c u l t u r e s  were c e n t r i f u g e d  i n  250 m l  po l yca rbona te  

screw-capped b o t t l e s  a t  24,000 x g f o r  20 min, and t h e  superna tan t  

d iscarded.  

b u f f e r e d  s a l i n e  (PBS) .  

S a p o n i f i c a t i o n  and Tagging 

The 

The c e l l s  were then  washed t h r e e  t imes w i t h  phosphate 

Washed c e l l s  (0.6 g) were added t o  200 m l  o f  5% NaOH i n  50% 
aqueous methanol. A 2 m l  volume o f  t h i s  suspension, heated f o r  

15 min  i n  a 90°C wa te r  b a t h  and a d j u s t e d  t o  pH 2 w i t h  concen t ra ted  

HC1, was added t o  2 m l  o f  s a t u r a t e d  NaC1, e x t r a c t e d  w i t h  f i v e  

10 m l  p o r t i o n s  o f  ch loroform,  dehydrated w i t h  anhydrous magnesium 

s u l f a t e ,  and then taken t o  dryness w i t h  n i t r o g e n .  

The d r i e d  e x t r a c t  was resuspended i n  1 m l  of dimethy l formamide 

(DMF) c o n t a i n i n g  30 pmoles o f  t h e  u l t r a v i o l e t  t agg ing  agen t  a-p- 

d i  bromoacetophenone (p-bromophenacyl bromide) and 60 m o l e s  o f  a 

c a t a l y s t ,  N,N-diisopropylethylamine. A l i q u o t s  o f  t h i s  m i x t u r e ,  

a f t e r  hea t ing  i n  a water  b a t h  a t  60°C f o r  60 min and c o o l i n g  t o  

room temperature, were i n j e c t e d  on to  t h e  reversed-phase columns. 

Hydrogenat ion o f  B a c t e r i a l  E x t r a c t s  

I d e n t i f i c a t i o n  o f  unsa tu ra ted  f a t t y  a c i d s  was a i d e d  by  

hydrogenat ion o f  b a c t e r i a l  samples. A 2-ml sample o f  s a p o n i f i e d  

b a c t e r i a l  m i x t u r e  was p laced i n  a hydrogenat ion vessel (Supelco 
Micro-Hydrogenator, Supelco, Inc., B e l l e f o n t e ,  FA 16823) w i t h  

10 m l  o f  methanol and 20 mg o f  p l a t i n u m  ox ide ,  p r e s s u r i z e d  t o  

10 p s i  w i t h  hydrogen, and t h e  con ten ts  mixed f o r  45 min. The 

s o l u t i o n  was removed, f i l t e r e d ,  and e x t r a c t e d  w i t h  f i v e  10-ml 

p o r t i o n s  o f  ch lo ro fo rm.  Th is  e x t r a c t  was then  processed f o r  

u l t r a v i o l e t  t agg ing  as desc r ibed  above. 

High-performance L i q u i d  Chromatography 

The f a t t y  a c i d  phenacyl e s t e r s  were analyzed u s i n g  a Model 

244 l i q u i d  chromatograph equipped w i t h  a Model 660 S o l v e n t  Pro- 
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410 MELL, JOSEPH, AND BUSSELL 

grammer, Model 440 u l t r a v i o l e t  de tec tor  (254 nm), and two 30 cm 
X 4 mm pBondapak C18 reversed-phase columns a l l  purchased from 
Waters Associates, Inc . ,  Milford, MA 01757, i n  combination with 
a 7 cm X 4 cm ODS guard column (Whatman, Inc. Cl i f ton ,  NJ 07014). 
The solvent system consisted of deionized water and a c e t o n i t r i l e  
and was programmed from 40%/60X to  lOO%/O% acetoni tr i1e:water 
over a 3-h period using curve 5 ( see  Figure 1 )  on the so lvent  
programmer and a flow r a t e  of 1 rnl/min. 
tinued f o r  60 min a f t e r  reaching f ina l  conditions.  Tentative 
iden t i f i ca t ion  of phenacyl e s t e r s  from - V .  parahaemolyticus was 
based on  the re ten t ion  volumes of  standard f a t t y  acids and by co- 
chromatography of known f a t t y  acid standards added to  ex t rac ted  
bac ter ia l  specimens p r io r  t o  chromatography. The percent f a t t y  
acid composition was determined from the r a t i o  of the  peak area 
f o r  each derivatized f a t t y  acid t o  the to t a l  combined peak area .  

The separation was con- 

Gas-liquid Chromatography 

For comparison, c e l l u l a r  f a t t y  acids were ident i f ied  from 
- V. parahaemolyticus using GLC.  
formed using boron t r i ch lo r ide  and methanol ( 1 1 ,  1 2 ) .  Details  of 
t h i s  procedure, including sample ex t rac t ion  and GLC conditions 
have been described previously (10 ) .  

Fatty acid methyl esters were 

RESULTS 

Good separation of the  phenacyl e s t e r s  of a l l  f a t t y  ac ids  of 
i n t e r e s t  was achieved on the pBondapak C18 reversed-phase columns 
(Figure 1 and Figure 2 ) .  These chromatograms i l l u s t r a t e  the ap- 
p l i c a b i l i t y  of the ana ly t ica l  procedure f o r  bac te r ia l  f a t t y  acid 
ana lys i s .  

separation of the f a t t y  acid phenacyl e s t e r s  of a standard mixture 
from capry l ic  ac id ,  C8, to  l ignocer ic  ac id ,  C24. 
f a t t y  ac ids  of chain lengths sho r t e r  than C12 was not ve r i f i ed  
s ince  excess UV tagging reagent and most of the reaction by- 

Figure 1 shows a representa t ive  chromatogram f o r  the HPLC 

The presence of 
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produc ts  e l u t e  b e f o r e  C12. 

c h a i n  l e n g t h  l o n g e r  than C21, heneicosanoic  a c i d ,  u s u a l l y  appeared 

i n  t r a c e  t o  a lmost  unde tec tab le  amounts, and t h e i r  presence was 

n o t  l i s t e d  i n  Table 1. 

The f a t t y  a c i d  composi t ions ob ta ined  by HPLC f o r  t h r e e  

s t r a i n s  o f  v. parahaemolyt icus were q u a l i t a t i v e l y  s i m i l a r  (Tab le  1 )  

The predominant f a t t y  ac ids  were C12, C14, C16:1, C16, C18:1, and 

C18. Minor  d i f f e r e n c e s  i n  t h e  q u a n t i t a t i v e  d i s t r i b u t i o n  o f  f a t t y  

a c i d s  f o r  t h e  t h r e e  v. parahaemolyt icus s t r a i n s  were observed. 

S t r a i n  7131 appeared t o  l a c k  C14:l and C21 f a t t y  ac ids ,  w h i l e  

s t r a i n  27519 showed a r e l a t i v e l y  h i g h e r  p r o p o r t i o n  o f  C15 f a t t y  

ac id .  Approx imate ly  20% t o  30% o f  t h e  r e l a t i v e  f a t t y  a c i d  compo- 
s i t i o n  f o r  t h e  t h r e e  s t r a i n s  i n  Table 1 c o u l d  n o t  be i d e n t i f i e d  

when compared w i t h  r e t e n t i o n  volumes f o r  t h e  s tandards i n  F i g u r e  1. 

Severa l  of t h e  ma jo r  u n i d e n t i f i e d  peaks, by  comparison t o  more 

r e c e n t l y  ob ta ined  standards, p resumpt i ve l y  appear t o  be i s o -  and 

an te i so -  C13, C15, and C16 f a t t y  a c i d s  ( F i g u r e  2 ) .  

f o r  t h e  same s t r a i n s  and compares these r e s u l t s  w i t h  p r e v i o u s l y  

pub l i shed  GLC da ta  ob ta ined  f o r  v. parahaemolyt icus.  

o f  HPLC w i t h  GLC r e s u l t s  shows genera l  agreement between t h e  f a t t y  

a c i d  composi t ions ob ta ined  by t h e  two methods f o r  t h e  ma jo r  f a t t y  

a c i d  c o n s t i t u e n t s .  The presence o f  C14:l and C15 f a t t y  a c i d s  i n  

- V. parahaemolyt icus a r e  conf i rmed,  and p r e v i o u s l y  un repor ted  f a t t y  

a c i d s  C13, C17, C19 and C21 a r e  i d e n t i f i e d  (3, 4 ) .  

H igh  m o l e c u l a r  we igh t  f a t t y  a c i d s  o f  

Table 1 a l s o  l i s t s  the  f a t t y  a c i d  compos i t i on  o b t a i n e d  by GLC 

Comparison 

DISCUSSION 

The use o f  HPLC f o r  t h e  d e t e r m i n a t i o n  o f  t h e  f a t t y  a c i d  

compos i t i on  o f  v. parahaemolyt icus,  and o t h e r  c l o s e l y  r e l a t e d  

gram-negative organisms, has n o t  been r e p o r t e d  p r e v i o u s l y .  

Comparison o f  HPLC w i t h  GLC f a t t y  a c i d  separa t i ons  showed good 

agreement except  t h a t  t h e  HPLC technique was a b l e  t o  r e s o l v e  

p r e v i o u s l y  u n i d e n t i f i e d  f a t t y  a c i d  c o n s t i t u e n t s .  I n  t h i s  case, 
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i nc reased  s e n s i t i v i t y  over  GLC i s  ob ta ined  due t o  r e l a t i v e l y  

s i m p l e  u l t r a v i o l e t  t agg ing  procedure, s e n s i t i v e  d e t e c t i o n ,  and 

improved separa t i on  o f  HPLC ove r  GLC. 

and s e l e c t i v i t y  a s i g n i f i c a n t  a d d i t i o n a l  number o f  p r e v i o u s l y  

u n i d e n t i f i e d  f a t t y  a c i d  components, p a r t i c u l a r l y  those hav ing  a 

c h a i n  l e n g t h  g r e a t e r  than C20, can be de tec ted .  I n  p r a c t i c e ,  t h e  

work ing range f o r  HPLC can be extended t o  C40 ( l o ) ,  g i v i n g  t h i s  

technique a d i s t i n c t  advantage over  GLC i n  t h e  number o f  f a t t y  
a c i d s  t h a t  can be resolved.  

shows promise (10, 13 ) .  P r e c i s i o n  and accuracy o f  t h e  method was 
confirmed by comparison o f  analyses f o r * f a t t y  a c i d s  o f  v. 
parahaemolyt icus f r o m  ou r  two separa te  l a b o r a t o r i e s .  I n  p a r t i c u -  

l a r ,  t h i s  technique should be a v a l u a b l e  a i d  i n  f u r t h e r  i d e n t i f i c a -  

t i o n  and d i f f e r e n t i a t i o n  o f  v. parahaemolyt icus and o t h e r  s i m i l a r  

organisms which p r e v i o u i l y  have presented problems f o r  taxonomic 

d e s c r i p t i o n .  

With inc reased  s e n s i t i v i t y  

The a p p l i c a t i o n  o f  HPLC f o r  r a p i d  b a c t e r i a l  i d e n t i f i c a t i o n  
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