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QUANTITATIVE ANALYSIS OF PHENYL- 
ACETIC ACID IN PROTTEUSMIRABILIS 
CULTURES BY HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY 

G .  R. Erdmann and S. K.  Wahba Khalil 
College of Pharmacy 

North Dakota State University 
Fargo, North Dakota 581 05 

ABSTRACT 

A method was developed f o r  the  ana lys i s  of phenylacetic 

ac id  produced by Proteus m i r a b i l i s  during a 10-day incubation 

period. A da i ly  sample was ac id i f i ed  and extracted with petro-  

leum e ther  for  24  hours i n  a continuous ex t rac t ion  apparatus.  

The ex t r ac t  of each day was analyzed by reverse-phase l i qu id  

chromatography using UV detect ion a t  254 nm. A 10-pl a l iquot  

of the  concentrated ex t r ac t  w a s  in jec ted  onto an octadecyls i -  

lane column. The mobile phase consisted of 20% methanol and 

80% sodium ace ta te  buf fer ,  0.01 M, pH 4.2.  This method may 

be used fo r  screening o ther  microbial  fermentations f o r  the  

production of s imi la r  l i poph i l i c  acids .  
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1508 ERDMA" AND WAHBA KHALIL 

INTRODUCTION 

The inh ib i t ion  of b a c t e r i a l  growth i n  food and beverage items 

has become an important p a r t  of the food industry (1). This form 

of control  requires  the  use of agents which possess inh ib i tory  

act ion on a wide var ie ty  of microorganisms. The compounds cur- 

ren t ly  used a re  e i t h e r  ac id ic ,  neut ra l ,  o r  s l i g h t l y  bas ic  and 

are  subs tan t ia l ly  l i poph i l i c  i n  nature ( 2 ) .  The s i t e  of ac t ion  

of these agents i s  on the  c e l l  membrane, and they appear t o  af-  

f ec t  the t ranspor t  of amino acids  in to  the c e l l  (2 ,3) .  Mammalian 

c e l l s ,  when exposed t o  the  same concentrations required t o  inhi-  

b i t  microbial growth, a l so  show a change i n  c e l l  morphology ( 4 ,  

5 ) .  The bac ter ic ida l  e f f e c t  appears t o  be both pH and concentra- 

t ion  dependent ( 5 ) .  The d i lu t ion  of these agents i n  the body 

following ingestion apparently precludes the  p o s s i b i l i t y  of any 

harmful e f f ec t  i n  man. 

There i s  a continual search for  o ther  compounds which may 

be more e f fec t ive  a s  ant imicrobial  food preservat ives .  One 

source for  the  production of l i poph i l i c  acids  a re  microorganisms 

( 6 ) .  However, methods fo r  determining the elaborat ion of these 

compounds must be simple and quant i ta t ive  i n  order t o  be useful .  

The extract ion of complex growth media must be capable of re- 

moving the majority of undesirable metabolites.  This paper 

describes a method t o  quant i ta te  t he  production of phenyl- 

ace t i c  acid by Proteus mi rab i l i s  during a 10-day fermentation 

using reverse-phase high performance l i qu id  chromatography (HPLC).  
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MATERIALS AND METHODS 

1509 

Instrumentation 

A Hewlett-Packard Model 1081 l iqu id  chromatograph with a 

Schoeffel  Model SF 770 UV var iab le  wavelength de tec tor  was equip- 

ped with an ODS (IBM Instruments) column, 150 mm long and 4.5 mm 

i .d .  The degassed mobile phase was pumped through the  column a t  

1 . 2  ml/min using i s o c r a t i c  conditions.  The column compartment 

was maintained a t  28 C,  and the  de tec tor  was set  a t  a wavelength 

of 254 nm. The mobile phase was prepared by mixing 20% methanol 

and 80% sodium ace ta te ,  0.01 M ,  pH 4.2. 

0 

Chemicals and Reagents 

A l l  const i tuents  used i n  the  preparation of the growth medium 

were reagent grade. The petroleum e the r ,  b.p. 2O-4O0C, (Matheson 

Coleman and B e l l  Manufacturing Chemists) was reagent grade. The 

methanol was HPLC grade (Fisher  S c i e n t i f i c  Co.). The phenylacetic 

acid and 3-indoleacetic acid were obtained from Sigma Chemical Co. 

Drug Solutions 

Two phenylacetic acid concentrations w e r e  prepared i n  

methanol; 4 mg/ml and 0.4 mg/ml. 3-indoleacetic ac id  was pre- 

pared i n  methanol a t  a concentration of 1 mg/ml. 

Bacter ia l  S t ra ins  

One s t r a i n  of p. mirabi l i s ,  ATCC #19692 ( i so l a t ed  from a 

gypsy moth), was used i n  t h i s  study. 
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1510 E R D M A "  AND WAHBA KHALIL 

B a c t e r i a l  Medium and Culture  P repa ra t ion  

The fermentation medium cons i s t ed  of  t h e  fol lowing components 

pe r  l i t e r  of  d i s t i l l e d  water: 0.5 g ammonium c h l o r i d e ,  0.04 g 

magnesium s u l f a t e ,  0.0024 g n i c o t i n i c  a c i d ,  7 .0  g casaminoacids 

(Difco Labora to r i e s ) ,  and 6.8 g sodium lactate.  The pH w a s  ad- 

j u s t e d  t o  1 . 2  with sodium hydroxide and 150-ml volumes were d i s -  

pensed i n t o  250-ml erhlenmeyer f l a s k s .  The f l a s k s  were topped 

with co t ton  plugs and autoclaved a t  1 2 1  C and 15 p s i  f o r  15 min. 

A s o l u t i o n  o f  f e r r o u s  ammonium s u l f a t e  (2.18 mg/ml) w a s  prepared 

i n  0.1 M hydrochlor ic  ac id .  The s o l u t i o n  was f i l t e r e d  through 

a 0.2 pm Mi l l i po re  membrane f i l t e r  and an appropr i a t e  amount 

was added t o  each f l a s k  of t h e  s t e r i l i z e d  medium t o  a f i n a l  con- 

c e n t r a t i o n  of 0.030 mg/ml. 

0 

An 18-24 hour Brain Heart Infusion (Difco Laborator ies)  cul-  

t u r e  of g. m i r a b i l i s  was cen t r i fuged  a t  1800 x g f o r  5 min. 

ce l l s  were c o l l e c t e d ,  washed with s a l i n e ,  cen t r i fuged  and re- 

suspended i n  2.5 m l  of s a l i n e .  

was t r a n s f e r r e d  t o  each of 10 f l a s k s  con ta in ing  150 m l  of t h e  

growth medium. 

The 

O n e - m i l l i l i t e r  of  t h e  suspension 

Sample Preparat ion 

Immediately fol lowing incubat ion,  and on each success ive  

day of t h e  10-day incubat ion pe r iod ,  t h e  con ten t s  of one f l a s k  

was autoclaved f o r  15 min (12loC, 15 psi)  and then cen t r i fuged  

a t  10,000 x g f o r  10 min t o  remove t h e  cel ls .  The supernatant  
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ANALYSIS OF PHENYLACETIC ACW 1511 

was co l lec ted  and ac id i f i ed  t o  pH 3 with concentrated hydro- 

ch lor ic  acid. The volume of the  medium was measured and 

3 x 25  m l  a l iquots  were ex t rac ted  individual ly  with 100 m l  

of petroleum e the r  fo r  24 hours i n  a continuous ex t rac t ion  

apparatus. The petroleum e ther  was evaporated by ro t a ry  

d i s t i l l a t i o n .  The residue was washed 3 times with methanol, 

t ransfer red  t o  a t e s t  tube and evaporated t o  dryness under 

nitrogen. A l l  samples were s tored  a t  4 C u n t i l  analyzed. 0 

Quantitation 

A standard curve f o r  phenylacetic ac id  was constructed 

u t i l i z i n g  3 rep l ica tes  simulating concentrations from 100 

t o  1400 pg/ml. The chromatograms were recorded a t  a char t  

speed of 5 mm/min. The peak heights  were measured and the  

r a t i o s  (drug/internal standard) were calculated and p lo t t ed  

versus concentration expressed a s  micrograms per  mil l i l i ter  

of medium. 

Recovery 

Extraction e f f ic iency  was determined by preparing 3 x 

25  m l  volumes of uninoculated growth medium with a 1 mg/ml 

concentration of phenylacetic acid.  The spiked so lu t ions  

were extracted and compared with 3 samples prepared i n  

water a t  the  same concentration but not extracted.  A l l  t h e  

values obtained from the  cu l ture  analysis  were corrected f o r  

per  cent  recovery. 
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1512 ERDMANNANDWAHBAKHALIL 

RESULTS AND DISCUSSION 

Although e x t r a c t i o n  of t h e  c u l t u r e  medium w a s  performed with 

a very nonpolar so lven t ,  t h e  presence of  o t h e r  me tabo l i t e s  was 

s t i l l  evident  and inc reased  as t h e  incubat ion t i m e  i nc reased .  

It was t h e r e f o r e  necessary t o  extend t h e  a n a l y s i s  time t o  20 min, 

which o f f e r e d  adequate sepa ra t ion  of a l l  t h e  e x t r a c t e d  components 

from t h e  i n t e r n a l  s tandard and pheny lace t i c  a c i d  peaks. A chroma- 

togram of t h e  s tandard r ep resen t ing  1 mg/ml o f  pheny lace t i c  a c i d  

and one showing a sample taken on day 3 are shown i n  Fig.  1. The 

r e t e n t i o n  t i m e  of pheny lace t i c  a c i d  w a s  10.7 min, while t h e  in-  

t e r n a l  s tandard w a s  r e t a i n e d  f o r  16.4 min. 

The r a t i o s  of  t h e  peak he igh t s  o f  pheny lace t i c  a c i d  t o  t h e  

peak he igh t s  of  t h e  i n t e r n a l  s t anda rd  were c a l c u l a t e d .  S t a t i s t i -  

c a l  ana lys i s  of t h e  d a t a  by l i n e a r  r eg res s ion  ind ica t ed  excel-  

l e n t  l i n e a r i t y  and r e p r o d u c i b i l i t y  w i th  a c o r r e l a t i o n  c o e f f i c i e n t  

of 0.9980, a s lope  of  0.0005, and an i n t e r c e p t  of  0.00168 i n  t h e  

range of 100 t o  1400 1-19 of pheny lace t i c  acid/ml of growth medium. 

A graphic  r ep resen ta t ion  o f  t h e  amount of pheny lace t i c  a c i d  

p re sen t  i n  t h e  m e d i u m  on each day of t h e  10-day pe r iod  i s  shown 

i n  Fig. 2 .  The p o i n t s  r ep resen t ing  pheny lace t i c  a c i d  concentra- 

t i o n  a r e  c a l c u l a t e d  averages f o r  each day (n=3) ,  and have been 

co r rec t ed  €or t h e  80% e f f i c i e n c y  i n  e x t r a c t i o n .  Table 1 con ta ins  

a l i s t i n g  of  t h e  data .  
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A 

1513 

b 

1 1 1 1 1 1 1 1 '  

2 4 6 8 10 12 14 16 f 8  

Retention Time (Min) 

1 1 1 . 1 1 1 1 .  

2 4 6 8 10 12 14 16 18  

Retention Time (Mid 

FIGURE 1. HPLC o f :  P h e n y l a c e t i c  Acid S t a n d a r d  ( A ) ,  
Three-day  C u l t u r e  E x t r a c t  (B). 

Key : a )  P h e n y l a c e t i c  Acid 
b )  I n t e r n a l  s t a n d a r d  
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1 2  3 4 5 6 7 8 9 1 0  
Days 

FIGURE 2. Concentration of Phenylacetic Acid During a 10-Day 
Fermentation. 
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- Day 

0 

1 

2 

3 

10 

TABLE I 

Pheny lace t i c  A c i d  Product ion  

During 

A Ten Day Incuba t ion  P e r i o d  

n - 
- 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Average Conc of 
Pheny lace t i c  Acid 

( u g h 1  ) 

4.0 

14.7 

29.3 

29.0 

28.9 

18.6 

25.9 

22.4 

19.3 

14 

+ 0 .6  - 

+ 0.8 - 

+ 2 . 8  

+ 2.2 

+ 5.8 

- 

- 

- 

+ 2 . 8  - 

+ 3.5 

+ 1.6 

t 1.5 

t 1.4  

- 

- 

- 

- 

Product ion  o f  p h e n y l a c e t i c  acid began d u r i n g  t h e  f i r s t  day 

o f  i n c u b a t i o n  and reached  a peak c o n c e n t r a t i o n  by day 3 (29.3 

Ug/ml). T h i s  c o n c e n t r a t i o n  remained r e l a t i v e l y  c o n s t a n t  u n t i l  

day 5. However, on t h e  s i x t h  day a d rama t i c  drop  i n  p h e n y l a c e t i c  

a c i d  c o n c e n t r a t i o n  w a s  no ted  (18 Ug/ml). The decrease w a s  f o l -  
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1516 ERDMANN AND WAHBA KHALIL 

lowed by another s t e e p  i n c r e a s e  i n  product ion (days 6 t o  7) t o  

25.9 pg/ml. The remaining 3 days showed a s t eady  decrease from 

25.9 pg/ml on day 7 t o  14 pg/ml on day 10. 

The eva lua t ion  of  mic rob ia l  fermentat ions r e q u i r e s  quick and 

simple means i n  o rde r  t o  determine t h e  e f f i c i e n c y  a t  which t h e  

products are being formed. The fermentat ions employed f o r  t h e  

production o f  s e v e r a l  of t h e  a n t i b i o t i c s  may a l s o  r e s u l t  i n  t h e  

e l abora t ion  of many chemically r e l a t e d  c o n s t i t u e n t s  (7,8). These 

products are usua l ly  undesirable  and may suggest  t h e  dominance of  

an unfavorable biochemical pathway (8) .  

The method desc r ibed  i n  t h i s  paper  sugges t s  a r e l a t i v e l y  easy 

procedure f o r  following t h e  production of  a l i p o p h i l i c  a c i d ,  

phenylacet ic  a c i d ,  during a 10-day fermentat ion.  Ex t r ac t ion  of  

t h e  c u l t u r e s  with petroleum e t h e r  involved one simple s t e p  and 

r e s u l t s  i n  a s o l u t i o n  which could be i n j e c t e d  d i r e c t l y  on to  t h e  

column. This  method may a l s o  be expanded f o r  t h e  sc reen ing  of 

o t h e r  b a c t e r i a l  s t r a i n s  f o r  t h e  product ion of  similar l i p o p h i l i c  

ac ids .  
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