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• spherically shaped silica gel. totally porous
• narrow particle size distribution: 3. 5. 7 and 10 ~lm

• wide range of chemically bonded
phases
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• Incorporates the modified and
supermodified sequential
simplex optimization methods

• Optimization can be tailored
by the user to meet his
requirements

• Optimizations involving
variation of up to ten para­
meters can be carried out

• Organizes optimization
procedures efficiently to save
both time and money

• Available for the Apple II
series and IBM-PC

• Includes tutorial
• Full source code

listings
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Chemometrical Optimization by Simplex

Authors: P.F.A. van der Wiel, B.G.M. Vandeginste and G. Kateman

A Program offering an • Clear fully descriptive manual
intelligent sequential • US $ 360.00
optimization plan for a wide
range of applications, e.g.

optimize the yield of a
synthesis
maximize the output of a
production plant
optimize the separation
factors for two compounds in
a chromatographic separation
optimize the composition of
a polymer
optimize the determination of
an enzyme in blood plasma
etc.

































































































































































































































































































































































































































204 NOTES

have not been used for the separation of PCOO. In this paper we report, for the first
time, the application of polymeric liquid crystals to complete separation of the most
toxic 2,3,7,8-COO from all tetra-COD isomers -present in f1yash extrct, and the sep­
aration of this isomer from all PCB isomers.

EXPERIMENTAL

The gas chromatograph used was a Hewlett-Packard 5880 equipped with an
electron-capture detector and a coolon-column injector. The GC-MS system used
was a Hewlett-Packard 5987A with an HP 1000 data system. The Aroclors (1216,
1242, 1248, 1254) were purchased from Ultra Scientific (RI, U.S.A.). The labelled
[13C,,]-2,3,7,8-tetra-COD was obtained from Cambridge Isotope Labs. (Cambridge,
MA, U.S.A.). A fused-silica capillary column coated with polymeric liquid crystal
and reported previollsly for the sepanltkm of polyaromatic compounds was used 14 .

The Ontario f1yash was extracted as reported previously!>. The extract was spiked
with labelled [13C12J-2,3,7,8-tetra-COO and was analysed by GC-MS using the se­
lected ion monitoring mode. The tetra-COD isomers were confinned by proper in­
tensities of M, M + 2, M + 4 (320, 322, 324, respectively) ions. In addition
2,3,7,8-tetra-CDO was confinned by retention time of standard labelled [13C12J­
2,3,7,8-tetra-CDO.

RESULTS AND DISCUSSION

The complete GC separation of 2,3,7,8-tetra-COD from PCB isomers using
fused-silica capi.l1ary column coated with polymeric liquid crystal is shown in Fig. I.
The PCB mixture containing many different isomers was prepared by mixing the
commercial Aroclors (1216, 1242, 1248, 1254). Because of the high toxicity of PCBs
as well as of 2,3,7,8-tetra-COO, a very small sample size and the very high sensitive
ECO were used in the separation studies. For the positive identification of PCODs
in complex samples by GC-MS in the selected ion monitoring mode various criteria
have to be satisfied. It is possible to identify and quantify the rCDOs if the concen­
trations of the interfering compounds are low. However, in samples such as those
obtained from PCB fire, the interfering compounds are million times more concen­
trated than the PCODs and it is therefore extremely difficult to satisfy all the criteria
for positive identification. The pentachlorobiphenyls have a molecular ion (M =
324) equal to the molecular isotope ion (M + 4) of tetra-COD, hence the use of
criteria such as correct isotopic abundances is very difficult or impossible. It could
be possible to identify selectively the 2,3,7,8-tetra'COO if it could be separated from
interfering compounds. With capillary columns such as those coated with SE-30 or
OB-5 such separation cannot be obtained presumably because of close volatilities of
pentachlorobiphenyls and tetra-CODs. Liquid crystals are selective stationary phases
used in GC, where separation is based on the structural differences of the solutes
alon.g with their volati·lities. Based on rhe separation mechanism of liquid crystal
stationary phases, for the compounds with equal volatility the linear and symmetrical
molecules will be retained longer than the bulkier molecules because of their favorable
geometry in retention to that of liquid crystal matrix. Fig. 2 shows lhat the PCR
isomers are f1exibil because of the single bond connecting two benzene rings while
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the gels were incubated overnight in 100 ml of methanol-acetic acid-water (5:1:5) in
a refrigerator. The inulin in the gel precipitates and the zones of enzymatic aetlvlty
appear as transparent bands.

For the inhibition tests, the gels were incubated in 10-3 M solutions of Fe) +,

Mnl+, EDTA, 12 or aniline in acetate buffer pH 5.0 for I h.
HPTLC was performed on Whatman precoated silica plates, 200 pm, (LHP­

KF). The solvent was n-butanol-n-propanol--ethanol (96%}-water (40: 10:30:20).
Thymol-sulphuric acid spray reagent was used to visualize the carbohydrates22 . As
a reference, non-reducing inulo-oligosaccharides were i olated from lerusalem arti­
choke tuber 2J.

RES LTS A 'D D1SCUSSIO

As shown in Fig. I. four enzymes able to hydrolyze inulin are detectable with
thi electrophoretic method. The three more anodic enzymes (A,B,C) are inhibited
with 10-3 M 12 (lane 2). The more cathodic. very active enzyme band (D), however,
is not inhibited by 10- 3 M 12 , On testing the inulase inhibitors described by Zitlan 15 ,

i.e.. Fe3
+, Mn 2 +. and EDTA, no inhibition of enzymatic activity was detected.

In one of the first articles about inulase, Schlubach and Grehn 24 describes
aniline as a potential inhibitor of fructofuranosidases, both invertases and inulases.
As een in Fig. 1. lane 3. the activity of the more cathodic enzyme band (D) is clearly
reduced by 10-3 M aniline. Regarding the results of Schlubach and Grehn 24, the more

A­
B­
e-

D-

+

2 3

Fig. I. Zymogram or Aspergillus inulase. 1.0.1 M Acetate buffer pH 5.0. 37'C. I h: 2. 0.1 M acetate buffer
pI! 5 0.10-' ,j,[ 12 • 37'C. I h: 3. 0.1 }t acetate bulTer pH 5.0. 10 ' M aniline. 37'C. I h. Each lane contains
5 ill or crude Aspergillus inulasc. For staining procedure see 1aterials and methods.
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I A B C I D

Fig. 2. HPTLC of the digestion products. I = Inulo-oligosaccharides isolated from Jerusalem artichoke
tubers; A = digcstion products from enzyme A on inulin: B = digestion products from enzyme B on
inulin: C = dige lion products from enzyme C on inulin: D = digestion products of enzyme D on inulin:
after spraying with thymol-sulphuric acid. the plate was healed at I05T for 5 min. For chromatographic
conditions sec Materials and methods.

cathodic enzyme should be a fructofuranosidase able to hydrolyze inulin, and there­
fore be an exu-inulase.

To identify and distinguish between the type of action exhibited by the four
different inulases, a gel strip was cut into sufficiently small pieces each containing
only one isoenzyme band. The gel pieces were then incubated in acetate buffer (pH
5.0) at 37°C for I h. The products of the enzyme digestion were analyzed by HPTLC.
Fig. 2 shows thc chromatogram of the digestion products. The cathodic enzyme (D)
produces only monosaccharides from inulin. The three more anodic enzymes (A-C)
hydrolyze inulin into reducing fructo-oligosaccharides. Even at very long incubation
times, more than 24 h. the composition of the degradation products does not change.
The three enzymes A-C are therefore identified as endo-inuJase isoenzymes.

The migration behaviour of the enzymatically produced fructo-oligosacchar­
ides differs from that of the non-reducing oligosaccharides of the inulin series because
of their lack of a terminal glucose.

This new method of electrophoretic identification of inulase isoenzymes is eas·
ier and more specific than the time-consuming immunoelectrophoresis.
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HPLe I_olumns:for j

opticalresolution -
CHIRALPAK

CHIRAL'CEL
Dalcel Chemicallndw'tries, Ltd. has developed excellent chiral columns for the separation
ufopTical isomen', "cliikALPAK'" or "(HIRALCf."L" in combination with High
Performance Liquid Chromatography has proven to be a highly successfu'lechnique for
separation of opti(:al isomers and for the detenninalion qfenantiomeric purity ofcompounds.
Nowa wide variety ofoptically pure compounds are readily available without laborious
resolution techniques!

CHIRALCEL OA

o
OH

CHIRALCEL OR
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fl,. ule: O.!ilIII/III.
Ollecti=: UY lS-l11i

For more details about HPLC columns, please contact:

!:=») DAiCEL Ct-EMICAL IN>USTRIES, LTD.

Tol.:yo
8-1. Kasumigase':i 3-chome,
Chiyoda-I..u, Tol.:yo 100. Japan
Pf,one' 03 (50713173,3178
Telex 122·4632 DAICEL J

DAICI;L (Europa) GmbH
KOnigsalloo 92a,
4000 Dusseldorf 1, F'.R. Germany
Phone: (0211) 134158
Telex. (41) 8588042 DCEl D

Nlw'tQH(
Pan-AITl Bldg" 200 Park Avenue.
New York. N.Y. 10166·0130, U.S.A.
Pl1Qne (2121878·6765,6766
Telf'x (23) 236154 Dee UR

OA1CEL (U.s.AJ,'lNt'-
61 \ .....esl6th Street. Aoorn 2152
Los An\lliles C<Jlifornia 90017. U.S.A.
Phone: (213) 629-3656'
Telex: 215515 DCll UR
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