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ABSTRACT 

A new C3g-bonded s i l ica  column was developed f o r  high 
performance l i q u i d  chromatography. 
t h e  f r a c t i o n a t i o n  of f a t t y  ac ids  as t h e i r  pbromophenacyl esters 
by the  reverse-phase mode. 
t h a t  are very d i f f i c u l t  t o  s epa ra t e  on a Cl8-bonded s i l i c a  column, 
- i .~ . ,  arachidonic (C2o:b)-palnitoleic (C16:l); e l a i d i c  ( t r a n s  C18:l)- 
vacclnic  (e C18:l); behenic (C22:0)-nervonic (C24:l); and 
arachidonic (C20:0)-erucIc (C22:1) esters, were completely resolved 
on t h e  C -bonded column using solvent  g rad ien t s  of a c e t o n i t r i l e :  
water anaOacetonitrile:pdioxane. 
c h l o r i d e : a c e t o n i t r i l e  (2:1, v/v) w a s  developed f o r  t h i s  column t o  
achieve good sepa ra t ion  of a homologous series of extremely nonpolar 
c76 t o  C82 a-mycolic ac id  esters from Mycobacterium tube rcu los i s  
H3 7Ra. 

This  colunm was t e s t e d  f o r  

Certain p a i r s  of f a t t y  acid esters 

A solvent  system of methylene 
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62 TAKAYAMA, JORDI, AND BENSON 

INTRODUCTION 

Most of t he  chromatographic separat ions ca r r i ed  ou t  by high 

performance liquid chromatography (HPLC) are general ly  done by the  

reverse-phase mode. 

s t a t i o n a r y  phases are phenyl-, CQ-, and C18- bonded groups. 

use of t h e  C18-bonded si l ica column f o r  t h e  separat ion of a 

syn the t i c  
f a t t y  ac ids  from Mycobacterium tube rcu los i s  H37Ra have been descr ibed 

by Talrayama e t  al .  and Qureahi (2-5). 

these separat ions,  &=., some p a i r s  of f a t t y  ac ids  of a s y n t h e t i c  

mixture cannot be separated.  The separat ion of a homologous series 

of mycolic ac ids  is e s s e n t i a l l y  an a n a l y t i c a l ,  but not p repa ra t ive  

method t h a t  r equ i r e s  f r a c t i o n a t i o n  times of about 2 . 5  t o  3.0 h r  ( 5 ) .  
We have now developed a Cg0-bonded S i l i c a  column which can 

resolve some of t he  problems posed by the  use of t he  Clg-bonded 

s i l i c a  column i n  f r ac t iona t ing  f a t t y  acids.  

The most commonly used chemically bonded 

The 

mixture of C2 t o  C24 f a t t y  ac ids  (1) and t h e  C24 t o  Ca2 

Ce r t a in  problems e x i s t  i n  

MATERIALS AND METHODS 

Fa t ty  ac ids  (C t o  C24> were purchased from Sigma Chemical Co., 

S t .  Louis, 110; Applied Science Laboratories Inc. ,  S ta te  College, PA; 

and Calbiochem. San Diego, CA. Spectroqual i ty  d i s t i l l ed - in -g la s s  

a c e r o n i t r i l e ,  p d i o x a n e  and nethylene ch lo r ide  were purchased from 

Surdick and Jackson Laboratories,  Inc. ,  Xuskegon. !fI. The 2-bromo- 

phenacyl ester d e r i v a t i z a t i o n  kit was purchased from Applied 

Science Laboratories Inc. 

3 

Cells of g. tuberculosis  H37Ra were grown a t  37°C i n  glycerol-  

a lanine-sal ts  medium i n  a New Brunswick 28-l i ter  fermentor ( 6 ) .  Pro- 

cedures fo r  i s o l a t i o n  and p u r i f i c a t i o n  of t h e  mycolic a c i d s  from 

- M. tuberculosis  H37Ra were previously described by Takayama e t  a l .  
( 5 ) .  The f r e e  ac ids  were converted t o  the  p-bromophenacyl ester 
by a modified method of Durst e t  a l .  (7) as described by Takayama 

e t  a l .  ( 5 ) .  -- 
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C30-BONDED SILICA COLUMN 63 

HPLC w a s  performed with an instrument containing the following 

components: two Waters model M6000A solvent  de l ive ry  systems, a 
Waters model 660 solvent  programmer, Waters model U6K un ive r sa l  

l i q u i d  chromatograph i n j e c t o r  and modal 440 W de tec to r .  

rbromophenacyl esters were detected a t  254 nm. 

The 

Preparat ion of C,,-Bonded uPorasi l  
~ 

Twenty-five g of VPorasil (Waters Associates Inc. ,  Milford,  

MA), 120 u p a r t i c l e  s i z e ,  were d r i ed  overnight a t  150°C and sus- 
pended i n  500 ml of dry toluene. 

and dry t r ie thylamine were added. 

(Petrarch Systems Inc. ,  Levittown, PA) were suspended i n  500 ml 

of dry toluene by s t i r r i n g  for about 4 hr. 

suspension was added t o  t h e  uPorasi l  suspension and ref luxed f o r  

1 hr. The r e s u l t i n g  Cg0-bonded uPoras i l  product w a s  then washed 

wi th  toluene and d i e t h y l  e the r .  The above s i l y l a t i o n  w a s  repeated 

on the  t r e a t e d  uPorasi l  with 10 g of hexamethyldisilazane (P ie rce  

Chemical Co., Rnckford, IL).  The f i n a l  product yielded 37.3 g 

C30-bonded material was  a l s o  prepared from 10 c1 s p h e r i c a l  

A t  t h i s  point  25 ml of r e d i s t i l l e d  

Twenty g of Cjo-trichloros1lane 

The C30-trichlorosilane 

0 

s i l ica  with a 500-A pore s i z e  (LiChrospher Si 500, EM Labora- 

t o r i e s  Inc. ,  Elmsford, NY). 

Packing HPLC Columns with Cj0-Bonded S i l i c a  
~ 

The C30-bonded s i l ica  w a s  slurry-packed using a f l icromeri t ics  

model 705 s t a i n l e s s  steel slurry packer (1Ucrorneritics Instrument 

Corp., Norcross, GA). The bonded s i l ica  w a s  s l u r r i e d  i n  isopropyl  

a lcohol  and pushed i n t o  3.9 mm x 30 cm s t a i n l e s s  steel  columns a t  
6000 p s i  with a Waters M6000A solvent  de l ive ry  system (Waters 

Associates Inc. ,  Milford, MA), using isopropyl  a l coho l  as t h e  

pushing solvent .  After packing, each column w a s  f lushed with 

ace ton i t t i l e -wa te r  (3:2, v/v) and t e s t ed .  
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64 TAKAYAMA, J O R D I ,  AND BENSON 

RESULTS AND DISCUSSION 

A synthetic mixture of 40 (Cj to C24) fatty acid 2-bromo- 

phenacyl esters (Table 1) wan fractionated on two Cjp-bonded 

silica colunma placed in series (Fig. 1). Total fractionation 

time was 3.5 hr. Separations followed the same principles as 
described previously for the Cla-bonded column (1). 

baseline resolutioa of most of the components. The esters which 
did not separate were lauric-myristoleic, a-linolenic-y-linolenic- 

tridccanoic, myriatic-linoleic, and oleic-vaccinic esters. Only 

partial separation was achieved with docosahexaenoic-a-linolenic, 

elaidic-palmitic and arachidic-nervonic esters. 

It showed 

The meparation of this mixture of fatty acid esters With a 
Clg-bonded silica column was reported by Jordi (1). 
fatty acid esters not separated by the Cla-bonded column,lncludlng 

arachidic-palmitoleic, elaidic-vaccinlc, behenic-nervonic and 
arachidonic-erucic esters,were completely resolved by our C30-bonded 
silica column. 

C18-bonded column in the separation of C3 to C24 fatty acid 
esters. 

A l l  pairs of 

Thus, the Cg0-bonded silica column complements the 

Greater Separation of the saturated and unsaturated fatty acid 

esters of the same chain length occurred with the Cj0-bonded than 

the C18-bonded column. 
and nervonic (C ) esters to their respective saturated esters. 

The Cla-bonded column allowed the monounsaturated C24 ester to 
migrate like a saturated C22 ester whereas in the Cj0-bonded column, 
it migrated like a saturated C20 ester. 

migrated near a saturated C16 ester (between C 16 and C18 esters) 
in the Cla-bonded column but in the Cg0-bonded column, it migrated 
between the saturated C15 and C16 esters. 

Previously, we suggested that a Cj0-bonded colunn could be 
superior to the Cla-bonded colunn in separating mycolic acid esters 

(5) .  The Cj0-bonded column was tested for the separation of 
a-mycolic acid esters from I. tuberculosis H37Ra using the solvent 
system of methylene chloride-acetonitrile (2:1, v/v>. The result 

This was shown by comparing the oleic (C18) 

24 

Similarly. the oleic ester 
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C30-BONDED SILICA COLUMN 65 

TABLE 1 
Composition of t he  Fa t ty  Acid Standards Used as t h e  pBromophenacy1 
Esters in the HPLC Fract ionat ion on a C.,o-Bonded S i l i c a  Column. 
Standard Carbon 
Number Fa t ty  acid Number 

Propionic c3 I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Butyric 
Valeric 
Captoic 
Hep t ano i c  
Caprylic 
Nonanoic 
Capric 
Undecanoic 
Lauric 
Myr is t o l e i c  
5, 8, 11, 14,  17-Eicosapentaenoic 
4, 7, 10, 13, 16, 19-Docosahexaenoic 
a-Linolenic 
y-Linolenic 
Tridecanoic 
Arachidonic 
Palmi t o l e i c  
Myris t i c  
Linoleic  
Palmit e l a i d i c  
Lino l eda id i c  
11, 1 4 ,  17-Eicosatrienoic 
Penfadecanoic 
Oleic 
Vaccinic 
E la id i c  
P a l m i  t i c  
Hepfadecanoic 
c is- 5-E i c o  sen0 i c  
S t e e r i c  
Erucic 
Nonadecanoic 
Brass id  i c  
Arrchidic 
Nervonic 
Heneicosanoic 
Behenic 
Tricosanoic 
Lignoceric 

- 

c18 : 3 
C18:3 
c13 
c20:4 
c16:1 

c18 : 2 
c16:1 
c18 : 2 
c20: 3 

C14 

c15 
c18:1 
C18 : 1 
c18:1 
c1 6 
e17 
c20:1 
C18 
c22:1 
c19 
c22:1 
c20 
c24:1 
c21 
c2 2 

c24 
c23 
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C30-BONDED SILICA COLUMN 67  

is shown i n  Fig. 2. 

almost as good as that with a Cl8-bonded column reported previously 

( 5 ) .  
same solvent system, the  e n t i r e  sample e lu t ed  tom the  column i n  

1 6  m i n  with l i t t l e  resolut ion.  

Fract ionat ion v i t h  t h e  Cj0-bonded column was  

As expected, when a C18-bonded s i l i ca  column w a s  used wi th  the  

Since a less po la r  solvent system must be used with a C30- 

bonded column, the advantage of using t h i s  column over a C18-bonded 
column w a s  that a grea te r  sample load could be applied.  

ac id  esters are minimally soluble  i n  the  p d i o x a n e - a c e t o n i t r i l e  

(3:2, v/v) solvent  system t h a t  is  used v i t h  the  C18-bonded column. 

This allows t h e  f r ac t iona t ion  of mycolic acid esters on t h e  C30- 

bonded column t o  become not  only a n a l y t i c a l ,  bu t  preparat ive.  

Mycolic 

C 0 

I I I 1 I I I 
0 10 20 30 40 50 60 

MINUTES 

FIGURE 2. HPLC of a-mycolic ac ids  as t h e i r  E-bromophenacyl esters 
on a C O-bonded s i l i c a  column. 
S o l v e d :  methylene ch lo r ide -ace ton i t r i l e  (2:1, v/v) . Flow r a t e ,  
1 ml/min. 

Column dimension: 3.9 uun x 30 cm. 

The peaks a r e  i d e n t i f i e d  by t h e i r  carbon number. 
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68 TAKAYAMA, JORDI, AND BENSON 

We i l l u s t r a t e d  t h i s  f e a t u r e  by comparing semi-preparative 

7.9 rn x 30 cm columns of a C30-bonded s i l ica  and a Cl8-bondcd s i l i ca  
f o r  t h e i r  a b i l i t y  t o  handle l a r g e  eample s i z e s .  

column could only  be l o a d e d w i t h  about 800 pg of a-myeolic ac id  esters 
be fo re  lass of sepa ra t ion  occurred. The Cjo-bonded column could  

s e p a r a t e  at least 5 mg of esters. The even- and odd-numbered series 

of mycolic a c i d  esters separa ted  d i f f e r e n t l y  on bo th  columns. 

odd-numbered series appeared as t h e  f r o n t  shoulder  of t h e  even- 

numbered series on t h e  Cjo-bonded column and as t h e  back shoulder  on 

t h e  C18-bonded column. It is l i k e l y  that t h i s  d i f f e r e n c e  i n  e l u t i o n  

p r o p e r t i e s  is due t o  some b a s i c  s t r u c t u r a l  d i f f e r e n c e s  i n  t h e  two  

series. 

The C18-bonded 

The 

Bennion et  a l .  (8) proposed that t h e  v a r i a t i o n  i n  capac i ty  

f a c t o r s  and s e l e c t i v i t y  of a bonded reverse-phase column was a 
func t ion  of a l k y l  cha in  l eng th  of t h e  bonded phase. 

t h a t , i n  going up from C4, C 6 ,  C8, C12 and C18 i n  t h e  bonded phase,  

both t h e  capac i ty  f a c t o r s  and s e l e c t i v i t y  increased  a s  t h e  a l k y l  

cha in  w a s  lengthened a t  cons t an t  s u r f a c e  coverage. Thus, t h e  longer  
t h e  a l k y l  chain,  t h e  b e t t e r  t h e  r e t e n t i o n  and s e p a r a t i o n  became. We 

observed the  same phenomenon wi th  the  C -bonded phase. W e  can now 

use a mobile phase cons i s t ing  of methylene c h l o r i d e - a c e t o n i t r i l e  

(2:l. v/v) f o r  C,6 t o  Ca2 mycolic a c i d  esters which cannot be 

apprec iab ly  r e t a ined  on a C18-bonded phase wi th  the  same e luen t  

system. 

ve r sus  C18-bonded phases was not  as g r e a t  f o r  po la r  as  nonpolar 

samples. This  i s  supported by the  f ind ing  of Hennion e t  a l .  (3) 

t h a t  f o r  nonpolar samples, a p l o t  of t he  l o g  of k’ ver sus  cha in  

l eng th  of t h e  bonded phase w a s  l i n e a r  whi le  f o r  t he  polar 

samples, a p l o t  of k5  versus  cha in  l eng th  w a s  requi red  t o  ob ta in  a 

s t r a i g h t  l i n e .  

They found 

30 

We a l s o  found t h a t  t h e  i n c r e a s e  i n  r e t e n t i o n  on t h e  C30- 
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