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- ABSTRACT

High-performance liquid chromatography was used to separate and identify

cellular fatty acids~isol ated from Vibrio parahaemolyticus , a gram negative

estuarine microorganism associated with seafood-borne enteritis in man.

Fatty acids were isolated from statically grown bacterial cultures , saponified ,

and derivatized with an ultraviolet tag. Aliquots of derivatized fatty

acids were injected onto a reversed-phase column with water:acetonitri le

gradient as the mobile phase and ultraviolet detection at 254 nm. The

predominant fatty acids found for the V. parahaemolyticus strains studied

• were C12, C14, C16:l , C16, C18:l, and Cl8. In additi on , previously unreported

fatty acids Cl3 , C17, C19, and C2l were identified . Comparison of HPLC with

GLC fatty acid separations showed good agreement with the exception that

HPLC was able to resolve previously unidentified fatty acid constituents .

Additional Key Words: High-performance Liquid Chromatography ,

Reversed-Phase, Fatty Acid Analysis , Vibrio parahaemolyticus. 
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Vibrio parahaemolyticus is an important cause of gastroenteritis. It

must be differentiated from closely allied vibrios which are involved in

other types of human i nfection [7]. Therefore, emphasis is being placed on

criteria that separate microorganisms which have very few distinctly different

characteristics [4,7].

Analysis of cellular fatty acids by gas li quid chroma tography (GLC)

has been used successfully to characterize some bacterial species including

V. parahaemo lyticus [2, 5, 8, 12]. When comb i ned with mass spectrometry ,

rapid identification of fatty acids and other cellular chemical constituents

is possible [9, 11, 12, 14]. Recently, liquid chromatography was used to

identi fy cellular fatty acids from aerobicall y grown ora l streptococci by

• identifying the fatty acid phenacyl esters using reversed-phase high-performance

liquid chromatography (HPLC) with ultraviolet detection [3].

HPLC combines greater sensitivity and better separation capability of

• high molecular weight fatty acids in comparison with GIG. These factors and

the absence of a previous evaluation of this method using gram-negative

bacteria led us to analyze the cellular fatty acids of severa l human

V. parahaemolyticus isolates well-characterized by other methods. The HPLC

method showed good agreement wi th results of GLC analysis, while revealing

additional , prev iously undescribed , high molecular weight fatty acids. This

suggests that HPLC may prove useful in detecting the presence and relative

proportions of gram-negative bacterial cellular fatty acids for taxonomic

purposes .
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MATERIALS AND METHODS

Cultures and harvesting

The cultures used were Vibrio parahaemolyticus strains DJ 7131 ,

ATCC 27519 , and ATCC 17802. They were grown in brain heart infusion (Bit!)

broth containing 2% NaC1. One liter of BHI (2% NaCl ) in 2 1 Erlenmeyer

flasks was i noculated with 10 nil of cells grown without shaking in BHI

broth overnight at 37°C. Incubation was continued at 37°C wi thout shaking

for 24 h. The bacterial cultures were centrifuged in 250 ml polycarbonate

screw-capped bottl es at 24,000 x g for 20 mm , and the supernatant discarded .

The cells were then washed three times with phosphate buffered saline (PBS).

Saponification and tagging

Washed cells (0.6 g) were added to 200 ml of 5% NaOH in 5Of~ aqueous

• methanol . A 2 ml volume of this suspension , heated for 15 mm in a 90°C

water bath and adjusted to pH 2 with concentrated HC1 , was added to 2 ml of

saturated NaCl , extracted with five 10 ml portions of chloroform , dehydrated

with anhydrous magnesium sulfate , and then taken to dryness with nitrogen.

The dried extract was resuspended in 1 ml of dimethy l formamide (D~1F)

containing 30 itmoles of the ultraviolet tagging agent a-p—dibromoacetophenone

(p-bromophenácyl bromide) and 60 ~imoles of a catalyst, N,N-diisopropyl ethylamine.

Aliquots of this mixture , after heating in a water bath at 60°C for 60 mm

and cool i ng to room tempera tur e, were injected onto the reversed-phase

colu mns.

~~drogenation of bacterial extracts

Identification of unsaturated fatty acids was aided by hydrogenation of

bacterial samples. A 2-mi sample of saponified bacterial mixture was pl aced
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in a hydrogenation vessel (Supelco Micro-Hydrogenator , Supelco , Inc.,

Bellefonte , PA 16823) wi th 10 ml of methanol and 20 rug of platinum oxide ,

pressurized to 10 psi with hydrogen , and the contents mixed for 45 m m .  The

solution was renioved , filtered , and extracted with five 1 0-mi portions of

chloroform. This extract was then processed for ultraviolet tagging as

described above.

High-performance liquid chromatography

The fatty acid phenacyl esters were analyzed using a tiodel 244 liquid

chromatograph equipped with a Solvent Programmer , Model 440 ultraviolet

detector (254 rim), and two 30 cm X 4 mm 1iBondapa k C~8 reversed-phase columns

(Waters Associates, Inc., tiilfor’l , MA 01757) in combination wi th a 7 cm X 4 cm

ODS guard column (Whatman , Inc . Cl ifton, NJ 07014). The solvent system

consisted of deionized water and acetonitrile and was programmed from 40~/60

to lOO%/O% acetonitrile :water over a 3-h period using curve 5 on the solvent

programmer and a flow rate of 1 mi/ruin. The separation was continued for

60 mm after reaching final conditions . Tentative identific ation of phenacyl

esters from V. parahaemolyticus was based on the retention volumes of standard

fatty acids and by co-chromatography of known fatty acid standards added to

extracted bacterial specimens prior to chromatography .

Gas-liquid chromatography

For comparison , cellular fatty acids were identified from V. parahaemo lyticus

using GLC. Fatty acid methy l esters were formed using boron trichioride and

methanol [6, 13]. Details of this procedure, including sampl e extraction

and GLC conditions have been described previously [3].

I
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RESULTS

Good separation of all fatty acids of ~nteres t was achieved on the

~Bondapa k C 18 reversed-phase columns (Figure 1 and Figure 2).  These

chromatograms illustrate the applicability of the analytical procedure for

ure i bacterial fatty acid analysis.
& —-—- >

;ure 2 Figure  1 shows a representative chroniatogram for the HPLC separation

of the fatty acid phenacyl esters of a standard mixture from caprylic acid ,

C8, to lignoceric acid , C24. The presence of fatty acids of chain lengths

shorter than Cl2 was not verified since excess UV tagging reagent and most

of the reaction by-products elute before C12. Hi gh molecular weight fatty

acids of chain length longer than C21 , heneicosanoic acid , usually appeared

in trace to almost undetectable amounts , and their presence was not listed

in Tables I or 2.

The fatty acid compositions obtained by HPLC for three strains of

V. parahaemolyticus were qualitatively similar (Table 1). The predominant

fatty acids were C12 , Cl4, C16:l , C16, C18:1 , and C18. Minor differences

in the quantitative distribut ion of fatty acids for the three V. parahaemolyticus

strains were observed . Strain 7131 appeared to lack C14:l and C21 fatty

acids , while strain 27519 showed a relatively higher proportion of C15

fatty acid. Approximately 20% to 30% of the relative fatty acid composition

for the three strains in Table I could not be identified when compared wi th

retention volumes for the standards in Figure 1. Several of the major

unidentified peaks , by comparison to more recently obtained standards ,

presumptively appear to be iso- and anteiso- Cl3 , Cl5, and C16 fatty

d ac ids (Figure 2).

i e l
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Fatty Acid Analysis of V.  parahaeinolyticus by HPLC Mell - 7

Table 2 l ists the fatty acid composit ion obtained by GLC for the same

strains shown in Table 1 and compares these results with previously published

GLC data obtained for V. parahaemotyt icus. Compariso n of HPLC (Table 1)

with GLC results (Table 2) shows genera l agreement between the fatty acid

compositions obtained by the two methods for the major fatty acid constituents .

The presence of C14:l and C15 fatty acids in V. parahaemolyticus are

confirmed , and previously unreported fatty acids C13 , 07, C19 and C21 are

identified [2 , 5].

ble 2
DISC USS ION

The use of HPLC for the determination of the fatty acid composition of

V. parahaemo lyticus , and other closely related gram—negative organisms , has

not been reported previously. Comparison of HPLC wi th GLC fatty acid

separations showed good agreement except that the HPLC technique was abl e

to resolve previously unidentified fatty acid constituents . In this case,

increased sensitivity over GLC is obtained due to relatively simple ultraviolet

tagging procedure, sensitive detection , and improved separation of HPLC

over GLC. With increased sensitivity and selectivity a si gnificant additional

number of previously unidentified fatty acid components , particularly those

having a chain length greater than C20, can be detected . In practice , the

working range for HPLC can be extended to C40 [3], giving this technique

a distinct advantage over GLC in the number of fatty acids that can be resolved .

The application of HPLC for rapid bacterial identification shows promise

[3, 10]. Precision and accuracy of the method was confirmed by comparison

of analyses for fatty acids of V. parahaemolyticus from our two separate

labora tories. In particular , this technique should be a valuable aid in further

identification and differentiation of V. par ahaemol yt i cu s and other s im i lar

or gan i sms wh ich prev iously have pres ented pro b l ems for taxonom i c descri ption.

- - S . - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——
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FIGURE LEGENDS

Figure 1. High-performance liquid chromatogram of fatty acids as phenacyl

esters in a standard mixture . Sample injec ted , 100 ~l of Dt-IF containing

1 pg of each derivatized fatty acid: Detector sensitivity , 0.) ALJFS : Col umn

temperature, 25 °C: Chromatographic conditions are given in text. Dashed line

represents water:aceton itri le gradient profile. Elaidic (trans 18:1) and

vaccenic (18:1) acids co—elute as do c~
- and y-linoleic (18:3) acids. The

abbreviated formulas , e.g. , C18 and C18:l , respectively, indicate the number

of carbon atoms with no double bonds and those with double bonds.

Figure 2. High-pressure liquid chromatogram of saponified cellular fatty

acids as phenacy l esters extracted from Vibrio parahaemoiyticus. Volume

injected , 50 ~l: Detector sensitivity , 0.l--AUFS : Column temperature , 25°C.

Chroma tographic conditions are given in text.
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