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Now there is a simple new 
bench technique that provides 
more efficient chemical iso~ 
lation than any technology avail~ 
able today. In a fraction of the 
time. And at a fraction of the cost. 
It's called Chromatographic 
Mode Sequencing. The tech~ 
nique has been developed by 
Analytichem Interna tional for 
use with Bond Elut solid phase 
extraction columns. 

Chromatographic Mode 
Sequencing (CMS) is a simple off~ 

line procedure that yields remark~ 
ably selective results. CMS allows 
the chemist to manipulate the 
interaction of va rious mobile and 
stationary phases to produce an 
almost limitless number of inter~ 
active modes. The resu lt is that 
CMS, using Bond Elut , can solve 
virtua lly any chemical isolation 
problem. Yet it is disarmingly sim~ 
pIe to perform. 

The selectivity of this new 
technique is unsurpassed even by 
the most sophisticated column 
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switching procedures. And the 
simplicity of eMS means you 
can process a far greater volume 
of samples than with any other 
method available. eMS makes a 
totally new dimension in chem~ 
ical isolation possible. And Bond 
Elut makes eMS possible. To 
learn how CMS can simplify your 
chemical isolation problems, 
call Analytichem today. 

" 
Analyllchem Inle,nallonal 
24201 Frampton Ave . Harbor City, 
CA 90710. USA (BOO) 421 -2825. 
In Calilornl8 (213) 539·6490 
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INTRODUCTION 

A survey of Journal of Liquid Chromatography readers was con-
ducted to gain insight into the 

- nature of the readership 
- its size 
- their reading preferences 
- their opinion of the journal's scientific stature 

and quality of the published papers, and 
- the influence of adver'tisements in the Journal 

upon their buying decisions. 

Two copies of a questionaire (reproduced at the end of this 
report) were inserted in 1300 copies of two issues of the Journal: 

- Volume 5, Number 12: devoted to thin-layer chroma­
tography, and 

- Volum2 ti, Number 1: containing general papers 
Respondents were asked to supply their names and addresses, but 

this was nC't a rp'1'!"irement for responding. It was noted that a 
significant number of those who did include this information were 
from countries outside the U.S., primarily Europe and Japan. Here's 
what we learned. 

THE READERSHIP 

Readers of The Journal of Liquid Chromatography are located in: 

IlldusLry 
Academia 

72 .2% 
12.4% 

Government 8,2% 
Private Research Center 3.1% 
Hospital 2.1% 
Other 2.0% 

Their primary disciplines are: 
Cherni stry 
Biology 
Medicine 
Materials Science 
Other"X 
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82.1% 
5.3% 
2.1% 
1. 1% 
9. 5~~ 
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KI~ADER SUFVEY 

"k "includes blocileill., polymer chem., l.oxicology, textile science, 
"irlrormaL"ion sc ience 

~eatures that interest them: 

Original Research 
I.C NeVIS 
Reviews 
Topical Issues 
Gook Revievls 
LC Calendar 

86.6% 
~i!) . 1% 
52.6% 
26.8% 
26.8% 
26.8% 

How thoroughly do they read the journal? 
-8.8% read 90 - 100% of the papers 
··61.5% read 25 '" 75% of the papers 
-28.6% read less than 25% of the journal 

Almost all respondents (96.6%) read every issue of the Journa"l. 

Each copy of the Journal is read by: 

1-2 individuals 
3-5 individuals 
5-10 individuals 
)10 individuals 

16.5% 
27.8% 
39.2% 
16.5% 

Thus, more than half of the copies are read by nve or more indi­
viduals. During 1982, when the total circulation was 2000 copies 
of each issue, an average of 12,500 individuals read the Journal. 

In 1983, total circulation is 3000 copies of each issue. This 
translates to an average of 19,000 readers per issue, a substantial 
readership, indeed! 

LC TOPICS OF INTEREST 

Respondents to the Society indicated the following areas of 
primary interest: 

Instrumentation 
Samp"1 e Prep In 
Polymers/Plastics 
Organic Analysis 
LC Theory 
Derivatizat"ion 
Aminoacids,Peptides,Proteins 
Pharmaceut. ,Cosmet"i cs 
Data Hand"1 ing 
Preparative LC 
Environmental 

69.1% 
38.1% 
36.1% 
34.0% 
29.9% 
28.9% 
26.8% 
24.2% 
23.7% 
22.7% 
21.6% 

Ion Chromatography 
Life Sciences 
TLC 
Food/Geverage 
Agric. Chem. 
Hydrodynarrri c Chrorn. 
Forensic Analysis 
Natural Products 
Field-Flow Meth. 
Fossil Fuels 
Other* 

20.6% 
11.5% 
l~ . ~% 
13.4% 
12.4% 
11. 3% 

9.3% 
8.2% 
7.2% 
4.1% 
5.2% 

"k Includes nricrobore technology, surtactants, mult"i"""dimens"ional methods. 

PERClilLED STATURE_~iQ QUA~U"y 

"The Journal hol ds my inter'est" 
"Information in the Journal is accurate" 

furr·ee.c! 
92.9% 
91. 3% 



READER S lJIZVEY 

"Paper's in the Journa-I are weI-I wr'itten" 
"The Journa-I is a prestigious p-Iace to pub-I-ish" 
"The Journal pr'ov-ides professional leadership" 

CONCERNING ADVERTISEMENTS & PURCHASING ---------------- -~-------.-.-

89.9% 
73.2% 
l2 .2% 

13S5 

Although only 20.6% of the respondents said they approve pur­
chases, a relatively large proportion told us they: 

determine need 79.4% 
- select the supplier 66.0% 
- evaluate products 59.8% 
- establish specifications 46.4% 

When questioned about the influence of advertisements in the 
Journal, they said: 

- advertisements are informative 
- advertisements are useful 
- they contacted an advertiser as a result 

of seeing an ad in the Journal 
- made a purchase as a direct result of 

seeing an ad in the Journal 

Here's what they bought during the past year: 

Solvents & Buffers 82.5% 
Columns & Packings 81.4% 
Chemicals 71.1% 
LC instrumentation 63.9% 
LC Books & Journals 57.7% 
TLC Equipt/Materials 28.9% 
Training Materials 6.2% 

Dr. Jack Cazes 
Editor 

73.9% 
66.0% 

32.6% 

11.4% 
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May we have your opinion? 

Where do you primarily work? (one only) 

___ Industry 

"_. Hospital Government 

What is your primary discipline? (one only) 

_____ ~ __ .~ Private Tc<;ting Ldh 

._._ Private Rcsearch Center 

READER SlmVEY 

_____ Private Consultdlll 

___ ~ __ Othf:'1 _____ . _______ ~_ 

____ Chemistry 

__ .. Medicine 

_____ Physics 

___ Engineering 

___ 13iology ____ Other ____________ _ 

___ Materials Science 

How many people read this copy of journal of Liqiud Chromatography? 

____ 1-2 ____ 3-5 ____ 5-10 ____ >10 

Which of jOllrnal of Liquid Chromatography's features interest you? 

__ . Original Research 

___ Book Reviews 

___ Review Papers 

___ LC News 

___ Topical Issues 

___ LC Calendar 

How thoroughly do you read journal of Liquid Chromatography? 

__ 90-100% ___ 25-75% __ <25% ___ 0% 

Do you see/read every issue? ___ Yes ____ No. 

Liquid Chromatography subjects that most interest you (check up to 5) 

___ Instrumentation 

___ Hydrodynamic Chromo 

___ Polymers/Plastics 

___ Environmental 

___ Field-Flow Meth. 

___ Life Sciences 

___ Forensic Anal. 

___ Theory 

___ Ion Chromo 

___ Phann/COSlTh ~,c ... 

___ Data Handling 

___ Sample Prep'n. 

____ Natural Prod. 

___ Dcrivatizdtion 

___ ... _Amino Acids, Peptide", 

Proteins 

Do you agree? 

Papers ill journal of Liquid Chromatography dre well written 

___ TLC 

journal of Liquid Chromatography provides professional leadership 

journal of Liquid Chromatography is a p,.c~tigioU5 place to publish 

Inforrlldtilln in Journal of Liquid Chrolnatography is dccurate 

Advcrli'>cmcnts in journal of f_iquid Chronwtography dre inforrndlivc 

journal of Liquid Chromatography holds rny interest 

Are advertisements useful to you? 

Have you used the reader service card? 

Have you contacted an advertiser as a result 
of their ad in journal of Liquid Chromatography 

______ Ye, 

____ Yes 

____ Yes 

. ___ N() 

__ ~ __ No 

No 

___ Organic Anal. 

_____ F OO(,jGpverage 

~ __ Preplrative LC 

____ Foss;l Fuels 

____ Agric. Chern. 

continued .. 
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What have you purchased during the past year? 

____ LC Instrumentation ~ __ TLC/Equip'l .IMaterials . ____ Training Malerials 
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. ___ LC Books/Journals 

Have you made a purchase because of a Journal of Liquid Chromatography ad? ~ .. _ Yes . __ .No 

Concerning purchasing, do you ... 

__ Determine Need? . ___ Evaluate Product? __ Approve Expenditure? 

__ Establish Specs? ___ Select Supplier? __ Requisition Item? 

May we have your name and address? (not required) 

Name ____________________ Title/Dept. _______________ ~ 

Organization ______________ Address _________________ ..... ____ _ 

City ____________ 5tate _____ _ Zip _______ Country 
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SPECIFIC [<El"W\C'l'IVE lNDEX INCFEt.1ENT ~mASUREr'U:NTr; ON 

t'lACRO~lOLECUr.ES USING A \VATERS R401 DIFFEREN'l'IAL 

REF'I<ACTO~IE'l'En 

Steven A. Berkowitz 
Celanese nesearch Company 

86 Morris Avenue 
Summit, New Jersey 07901 

ABSTRACT 

An accurate and simple method for determining the specific 
refractive index increment, dn/dc, of synthetic polymers during 
size-exclusion chromatography has been developed using a modi­
fied Waters HIl01 differential refractive index (OR1) detector. 
The only modification required on the HIIO 1 inVOlved the replace­
ment of the standard white light source with a monochromatic 
source. The use of this instrument offers a number of advan­
tages over more classical instruments and procedures normally 
employed in evaluating this parameter. The only requirement 
vlhich must be met in order to successfully measure this param­
eter is the conservation of mass (in terms of the amount of 
polymer injected on to the columm and which passes through the 
OHI detector). However, in some cases, even thi.s requirement 
may be relaxed. The application of this procedure will be dem­
onstrated for several synthetic polymers in mixed and single 
solvent systems. 

INTHODUC'rION 

Intensity light scattering measurements represent a 

classical technique for obtaining molecular weight and shape 

information on macromolecules (1). Due to several experimen-

tal difficulties associated with this technique, it has in 

general not been suitable for routine analytical work. Hence 

its use Das been limited. However, with the development by 
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K21YC and CO'-\'lOl~kers (1,3,1) of u IO\'l·anqle luGer liCjhL GcaL .. 

tering insLrument ",ith several novel features which eliminate 

or minimized most of these difficulties intensity light 

scat.tcring rnea~)L1Lernent has t)(0COllV.:' m()~CE";: popula'c, esp(~cially 

in its application to the area of size--exclusion chromot-ogra-' 

phy (SEC) (5). With this renewed inter:est in 1ighL scatl.er"· 

ing (LS) has come a need for determining the refractive index 

increment (dn/dc), a key parameter used in light scattering 

theory and one which must be determined when new classes of 

polymers or old polymers in new solvents systems are investi­

gated. Classically this parameter has been measured on a 

differential refractometer such as the Brice-Phoenix, and 

more recently, the Chromatix KMX-16, which are dedicated in­

struments for determining small differences in refractive 

index in a static mode. In conducting LS measurements on a 

new class of wholly aromatic polymers, which are only soluble 

at room temperature in a very strong mixed solvent and "Ihose 

solutions were stable for only a short time (- 1 day), a for-

midable problem in measuring the 

increment at constant chemical 

specific refractive index 

potenti.al, (an/ac)p, was 

encountered. 'I'ilis parameter, howeve~', was successfully eval.·-

uated by employing a modified Waters R401 differential 

refractive index (DRI) detector. Although this instrument 

finds wide use as a universal concentration detector in SEC 

and liquid chromatography, we have found no published use 

of this instrument for determining accurate dn/dc values of 

macromolecules. In using this instrument, it has become 

apparent that it offered a number of advantages over other 

differential refractometers. Hence the subject of this 

paper is concerned with the evaluation of this instrument in 

measuring dn/dc. 
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MA'I'Ji;lUALS 

A narrow distribution sample of polytetrahydrofuran, 

p'rHF, having a molecular weiqht of 31,700 was obtainec1 from 

Altex Scientific,. Inc. Narrow distribution samples of poly-

methylmethacrylate. PMMA, and polystyrene. PS, having molecu-

lar weights of 92,000 and 200,000 respectively were obtained 

from Pressure Chemical Company. Broad distribution (MWD~2) 

samples of poly (ethylene terephthalate), PET, having weight 

average molecular weight of 42,000 and 65,000 were obtained 

from Celanese Corporation. Tetrahydrofuran (THF), methyl 

alcohol (MeOH) and to] uene were obtained from Burdick and 

Jackson Laboratories, Inc., and used as receivec1. Hexafluoro-

isopropanol (HFIP) was obtained from DuPont_ Company and distil-

led once before use. 

METHODS 

Light scattering measurements were conducted with a Chrom-

atix KMX-6 light scattering photometer. Static measurements of 

dn/dc and the refractive index increment at constant chemical 

composition, (dn/dc)c, were made at room temperature at wave-

lengl1;S of .,)46nm and 633nm using a Brice--Phoenix and/or a 

Chromatix KMX-16 differential refractometer. 

SEC was conducted using a Waters M--45 pump to de] iver 

solvent, a Waters U6K injector to apply samples on to the 

SEC-columns, and a ,vaters R401 DRI c1etector to monitor 

elutant. The light source on the R401 \Vas r·eplacec1 vii th a 

Hg-Vapor or quartz iodine lamp \Vhich was coupled to the 

detector using fiber optics. The emission line at 546nm and 

radiation centered at 633nm were jsolated with bandpass 
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intcL·.cccence [Illers 0 Columns used in LIds vlor:k wel:e eithe!:-

Waters 6011 p-Porasil or 10011 p-Styragel columns (which separate 

low molecular weight compounds). On some occasions, a Waters 

t>-linear p-·Bondgel column was used wi til a 6011 p··Pol:-asil col--

Ull1n, SEC traces were recorded on a Waters 730 data module. 

'Eha use of low molecular l'leight SEC-columns, either by 

theJuselves or in conj unction with other SEC-columns, causes the 

bulk solvent bathing the polymer sample and the low molecular 

weight additives and contaminates present in the sample to be 

well separated from the polymer peak (see Figure 1). This 

occurs as a result of the partitioning effect between the small 

molecules and the much larger polymeric material during the pas-

sage of the injected material through the porous packing 

material. Hence the area of the polymer peak in Figure is 

directly proportional to the polymer mass injected on to the 

columns. Areas computed from DRr detector traces recorded 

during SEC experiments are related to the following parameters: 

Area (tl)(DRF){dn/dc) Eq. 

where tl is a constant equal to the following collection of 

experimental known parameters: 

il 

[
Char:, URI j- [~o~ume j ~~oncentratio~n speed detector In]ected of sample 

gain 
- ~- - -

.. 1 

[

solvent .j 
flow rate 

- --

Eq. 2 

If the detector response factor, DRF, is known, one can calcu-

late the dn/dc value for the polymer in the mobile solvent during 
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FIGURE I. Hypothetical SEC-chromatograms of a polymer sample 
upon (a) injection and (b) elution. 

SEC using Equation 1. Unfortunately, for a white light source, 

which is used in the standard Waters R401 DR1 detector, DRF as 

well as dn/dc are both functions of wavelength, A I (the formeL' 

being a convolution problem of the intensity-wavelength spectrum 

of the light source and the response-wavelength spectrum of the 

detector) . However, by using monochromatic light both DRF and 
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cllx/(lc be::comc: sin91<:~ valu0 paLarnetc:rs per.miLling the USe of Equa"'~ 

La Qva] Llate dn/dc by callbLating Lhe [)Rl detect.oL ,·,ilh a 

polyH\"~' havin<] a known (k) dn/dc .. CalibLat.ion is done by inject 

inc;, ;,ll aCCLlL'atQ volume and concentcation of the polymer' standard 

on il SEC-column bank. Pr'om several sLlch inject ions ,the aveLage 

an'21 is deter'mined and combined ''lith the known dn/dc and experi-

mental teLms contained within 8. similarly, a second equation 

can also be set up for the polymer sample having the unknown 

(unk) dn/dc. Since DRP is a constant fOL any given detectoL-' 

light source combination and optical alignment, the combining of 

both equations eliminates the DRF teLm and on reaLrangement 

yields the following equation fOL calculating the unknown dn/dc: 

(dn/dc)unk 
(ALea)unk(8)k 

(dn/dc)k 
(Area)k(B)unk 

Eq. 3 

Since all the teJ::'ms on the right side of Equation 3 are either 

measur'able fJ::'om data gathered or known, the unknown dn/dc can be 

evaluated. In performing the calibration, we have assumed 

conservation of mass (in terms of the amount of polymer injected 

on to the columns and which passes through the DRI detector), see 

F:qu!"t'ion :>., It should he potnteC! out thRt the cClJibri'\tion 

pLoceduLe can be conducted in one solvent and dn/dc measuLements 

conducted in another solvent (particular attention should be made 

In t.his situation to difference in flow Late between calibrating 

and expeJ::'imental solvents). 

RESULTS 

The ability to accurately determine dn/dc values for macro-

molecules with the R401 detector during SEC was evaluated by com-
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puril19 experimental values dQter:mined \'/i.l:.h this i.nstrument to 

literature values. The polymers which we have chosen for tb is 

comparison work wel~e Pt1MA and PTI-W. The dn/dc valL1e for hot:h 

these polymers in 'rIn' aL 546nll1 mid 633nlll \'10r" obtained [L'O!L1 dc,; i ,; 

listed by Huglin (6) and Chromat,ix (7). Actual experimental v':',l 

ues determined with the 1<401 detector, using PS as OLlr calibL'i\' 

ting standard (the dn/de values used [or PS at 546nm and 633rull in 

1'HF were 0.194 (6) and 0.1845 (7) ml/g respectively), were fOlmd 

to be 

Table 

using 

in good agreement with the liter:ature values as 

1. A comparison 

a Brice-Phoenix, 

of dn/dc values obtained for PET 

KMX-16, and a R401 differential 

shown in 

in HPII' 

r:eft'ac~' 

tometers was also made. Date for th is work is shown in Table 2. 

In this case, PMMA was used as the calibrating standar'd. The 

dn/dc value for PET in HFIP obtained with the R401 detector is in 

good agreement with the values determined using the other two in­

struments. 

In situations where macromolecules are dissolved in a mixed 

solvent, preferential solution effects can seriously complicate 

dn/dc measurements (6,8,9). In this case, two important and (jif~' 

ferent typf'S of refractive index increments can be defined and 

measured. The first is measured at constant chemical composition, 

This simply involves measuring the refractive index 

di_fferencc between the mixecl solvent and <1 soluti.on made by \:he 

direct addition of the polymer sample to the mixed solvent. ':rhe 

second is measured at constant chemical potential, (an/dc)p, 

This requires the exhaustive dialysis of a polymer solution 

against thf' mixed solvent until thermodynamic equilibrium is at­

tained. The refractive index difference between the dialyzed 

polymer solution and dialyzate is then determined. 'l'he cl if:f:e t'ence 
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TABLE 1 

COlllparison of cln/dc Values lJet(~.rlld.llcJ for PHNA and PTUF ill THl<' WLLb 
Literature Va].ues. 

\'Iave length 
(nm) 

---------~-

633 

546 

----~ --~--~~-~-------~--~~-~-~~------~----

dn/dc (ml/g) 
-------~---~~~-------~--------.---------------~-----j 

PHHA PTHF 
~~~~-~~~~~--~~----~~+---~~--~~-- ,~---,-~~~----" 

Measured Literature Measured Literature 
------~--- -~- ---~--~~I------'-------

* 
0.08L,±0.002 

§ 

O.087±0.005(4) 

** 
0.083 

t 
0.0871±0.0001(2) 

t 
0.063±0.004(4) 0.063±0.001(2) 

* Errors listed in this table are standard deviations. 
** Data obtained from reference (7). 

The average value computed from data given in reference (6). 
The number given within the parentheses represents the number of 
different samples used to calculate the mean. 

TABLE 2 

Comparison of dn/dc Determi.ned on Several DRI Refractometers at 633nm for 
PHHA and PET in ifF IP . 

* 

r-----~~~~~---

DRI Detectors dn/dc (ml/g) 
----, ---'--~' 

PNHA PET 

r--------~~-~~--I-~~~---~~---------_l 

Brice-Phoenix 0.191 0.255 
----,----~----------------f~------_1 

KNX-16 0.190 0.257 
r-~------ -~~--" ,--~,-- ---,------------~----- - ,-

RL,OI 0.259 

Averages 0.191±0.001 o . 25 7±0 . OOL, 

Errors listed in this table are standard deviation of the average value 
determined for each detectol". 
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bctw(een these t\~O retract.ive ind('x inc:r:em<?nts tor a hilH'ry Sol_VE~nt 

is given by the following relation: 

(on/ac) II ("n/ d (,) e 

l'Ih"re C/_ iE; the preten'nt ial absor-ption C'oetti.ci."nt of so] vent 

component over the other solvent component, (this term is 

responsible for the difference 

macromolecule with respect to 

in solvent 

the bUlk 

compos i t. i on 

and 

near the 

(0 no/a 1') 

is the change in the solvent refractive 

solvent) 

i.ndex with change in 

volume fraction of solvent component 1. Only in the case where 

either a is zero or all the solvent components have the sam~' 

refractive index are these two t-efractive index increments th8 

same. Hence, if the kinetics of exchange of the preferentially 

bound material on a polymer in a mixed solvent system is very 

rapid, in comparison to the length of time required for the 

polymer material to pass through the SEC column, the polymer­

sample which elutes from the column bank will be present in a 

solvent. environment analogolls to that which would be obtained 

by an exhaustive dialysis experiment. 

in this situation at allY instant of 

Hence the on/oc measured 

time by the 1<.401 detector 

(assumi_ng t.he preSSllrr:! would be equivalent 

dlff0rentials between the column inlet and outlet. are small or 

havee Ut.tle effect. on On/de). This was experimentally verified 

by measuring both types of refractive index increments for a PS 

sample (NBS 705) of known molecular weight in a mixed solvent 

of 80 % tol uene and 20 % methy J. al cohol " The KMX- 1 6 was used to 

determine (an/oc)c, and intensity light scattering measure 

ments made during SEC (experiments (see Figure 2) were used t,o 

determine (3 n/oc) 11 by using the [ollO\'ling equation: 
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EXPERIMENTAL CONDITIONS 

Volume injected: 50 pi 
Concentration: 2.57 mg/rnl 
Flow rate: 0.592 ml/min 
DRI detector gain: 8X 
DR I detector wavelength: 633 nm 
Columns: a Waters E-linear and 

60 A p-Porasil 

-------
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FIGURE 2. SEC-chromatograms of the NBS 705 polystyrene sample 
obtained from the modified R401 DRI detector (bottom) 
and the KMX···6 LS photometer (top) in toluenp/methyl 
alcohol (80:20). . 

(3n/3e)p l Re/Mwk' c J 1/2 

wher.e Re is the excess Rayleigh ratio, Mw is the weight 

aver.age molecular \<leight, K' i.s an opti.cal constant, and c is 

concentration. '1'he second and higher viri.al terms in equation 5 



REFRACTJ.VE .l.NDEX I.NCJU:m:NT }lEASUREJ'1i':NTS 

'J'ABUl 3 

(dn/dele and (dn/oel w Values Det:enn:i.ned fot' PS in Toluene; 
Methanol (80;20) at 633nm. 

INSTRUMENT KNX'l6 L8 

Types of (dn/ac) (a n/3 c)~' 
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t § 
Experimental. Va1.ue (ml/g) 0.150±0.006(3) 0.209±0.009(7) 0.207±0.007(3) 

* The Mw determined at the Nati.onal Bureau of Standards by l.S was 179,300, 
and by sedimentation equilibrium was 189,800. Hence the average of 181+,600 
was used in Equation 4. 

Errors listed in this table are standard deviations. 

The number given within t~he parentheses represents the number of different 
samples used to calculate !:11e mean. 

were neglected due to the dilute concentrations used and their' 

low values. The refractive index increment determined with th(~ 

R401 detector, using PS in THF as the calibrating standard, is 

shown in 1.'able 3 to be in good agreement with the experimentally 

measured value for (an/ac)~. 

DISCUSSION 

In a review given by Huglin (6) on specific refractive index 

incremenl measurements, the vvater's model 1l.4 (which is now refer-

red to as the model. 1l.40 1) DIU d"tector I'las menti.oned as one of 

many commercial.ly available differential r'efrac\:ometer:s capable 

of being used to evaluate dn/dc. However, the lack of monochro-

matic light and the mode in which the sample is introduced illto 

the instrument were listed by this author as major drawbacks in 

llsing it in measuring c1n/dc. In this paper, we have demonst.r-ated 

the overlooked capability of this instrument to accurately deter-
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mine dn/dc values of macr:otllolecules dur'ing Sl,C. In so doing, we 

have realized that in comparison to other dir:f(~rential refractom­

eters, this instrument offers the following advantages: 

1. A very small amount of sample (microgram quantities) is 

required to conduct measurement.s; (th is is especially 

important in dealing with biopolymers). 

2. Baseline (or solvent) measurement.s are continuously mon­

itored both before and after polymer material is eluted 

from the detector. 

3. 'fhe amount of time required to perform measurements is 

very short, the procedure it.self is very simple and 

readily automated using any automat.ic injector. 

4. In perfor-ming LS measurements during SEC, both Mw and 

dn/dc values can be determined fr-om the same exper-imen­

tal run. 

5. The R401 detector is inexpensive in compar-ison to other 

differ-ential r-efr-actometer-s. In addition it is not ded-

icated to static measurements, but can be used as a de­

tector in liquid chromatography techniques. 

6. This procedure allows (d n/ 3 c) wand preferential solu·~ 

tion effects to be evaluated in mixed solvent systems 

without the need to conduct lengthy dialysis experi .. 

ments. This is par-ticularly important in cases where 

chemically resistant membr-anes are not available and 

where polymer--solvent systems are stable for only a 
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short period of time. Al though the concept of stucly·-

1ng preferential solvation during SEC with a DRI detec-­

tor has already been demonstrated by Berek et al (10) 

and Campos et al (11), th", procedure olltlinccl in this 

paper, which makes use of the polymer peak, differs in 

approach to that used by Berek et al, and Campos et. aI, 

which uses the solvent peak (see Figure 1). By using 

the polymer peak, we have eliminated potential problems 

discussed by Berek et aI, and problems which might arise 

from the presence of contaminant.s in t.he sample solut.ion 

(such as air, wat.er, etc.) which would elute in the sol­

vent. peak region and lead to erroneous results. 

Although the procedure in this paper offers the above advantages 

in determining dn/dc values, 

necessary. This includes the 

several important 

following: 

assumptions were 

1. Conservation of mass is valid for the polymer-solvent­

column resin system used. 

2. Pressure effects on dn/dc are negligible. 

3. Thermodynamic equilibrium between polymer and solvent 

components is reached before polymer is eluted from the 

column. 

In the case where assumption "1" is in question or is known not 

to be valid the use of a second det.ector, such as a uV-Vis or IR 

spect.rophot.omet.er (if t.he macromolecule contains a chromophore 

and if t.he solvent. is t.ransparent at t.he appropriate spect.ral 
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region,;), which is cilpilble of giving concenlrillion villues fe'om 

known extincti.on coefficients should penni.t. the correct concen 

triltion to be determined 0 In fact, point by poi.nt dn/dc values 

across t.he chromatogl:am can be calculated. Tn t.he case where 

assumpt.i.ons .. 2" and "3" are suspected, measurements conducted 

over a wide range of flow rates should allow the correct dn/dc 

value to be determined by extrapolation to conditions correspon-

ding to zero flow rate. The extrapolated value would be equiva-

lent to conditions of infinite time and zero pressure differen-

tial between the column inlet and outlet. 

In conclusion, we have clearly demonstrated the ability of the 

Waters R401 detector to correctly determine dn/dc values for 

macr'omolecules. Although the accuracy of this procedure is 1-2% 

less than that capable from static measurements using standard 

differential refractometers, which is due mainly to the greater 

accuracy in the calibrating salt solution standards used for 

static type measurements in comparison to the calibrating poly-

mer solutions used in this procedure, the advantages gained more 

than outweight this small loss in accuracy. 
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ABSTRACT 

In a comparati ve study of th," separation of a mi xture of polycyc] i c 

arolllatic hydrocarbrons on 5 CM and III cm co·lumns packed with 3ll and tip ODS 

spherical particles, the separations achieved on the 10 cm column were 

not significantly better than those on the b cm column. Although, columns 

packed vlith 3ll ODS spherical particles gave slightly better resolution 

than those packed with Sll ODS spherical particles having the salile physical 

properties, differences were ohserved when columns packed with ODS spherical 

particles of the same size. 

The results show that separations on a 5p or 3p packed columns takes 

place at the fi rst few centimeters. 

*This vlof-k \'las supported by Contract I~O. NO]··CO-23':JlO, vlith the Plational 
Cancer Institute, NIH, Bethesda, MD 20014 

**Author to vlhom correspondence shoulrl be addressed. 
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[N11,()[)UCT ION 

The last decade witnessed t,he c'iler'<jencc; of hi Sill performance I iqu'i d 

chrcll'1atoljr'dphy (HPLC) as a povlerful and inrlispensah'le separ'aiioIJ technique. 

Initially, long and "drrow co'lufllns vlerf' used (50 em x 2 Him). 

As Vime passf'd thl' dimens'ions of ttle colullln cllanged. The length shrinked 

to 3-,5 cm and the internal diameter to 4-6 mOl. This 'is due to the cllilnge 

in particle size of the packing mater'ial (stationary phase) from 3511 to 

3p which resulted in high back pressul'e and ljreater efficiency. The higher 

efficiency of the small particles permitted the use of shorter columns. 

The advantage of the shorter columns over 25-30 em columns packed 

with 511 or 1011 particles is the speed of analysis which results in 

savings of materials and time. Katz and Scott (1) descrihecJ an HPLC 

system in which the analysis vias cOPlpleted in less than 'I minute. However, 

to achieve such rapid analyses, special equipment was required. 

The objectives of this study are (a) to compare the separation of 11 

five component mixture on 5 and 10 em columns packed with 3 and ~u 

spherical particles usinlj standard HPLC equiplnent vlithout modi fication, 

(b) to corlpare a 5 and 10 cm colu,rms packed witll 511 spherical ODS 

particles and 10 and 25 cm columns packed with irregular ODS particles, 

and finally (c) to see where separation takes place on the column. 

It P'ust i)f' notecl that La corrpilre C01UIIIIlS, ,'specially f"Olll diffp,'ent 

1II11nufacturers, is not without pitfalls. However, care has been taken to 

pack the columns under the same conditions, and using materials, (reversed 

phase silica) from the saille manufacture,' "Jith the saple physica'i properties, 

(Table 1). The 3 and 511 Spherisorb packings used in each of the 5 and 

10 CIII columns were from the same h1ltch. 

EXPERIMENTAL 

~1aterials: Perylene, henzo(a)pyrene, benz(a)anthracene, methyl cholanthrf'ne 

and coronene were received from the chemical carcinogens referf'ncf' standard 
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Physical Pr'olwl'tirc's of 3 ilnd 5\1 Splll'l'isorlJ ()DS Packinljsk 

Mean particle size (\I) 5 J 

Size eli stri hution (+1 \I) IU% ~ ~) ~~, 

Pore s·i ze (nm) 8 g 

Pore diameter (nm) 5.5-11 5.5-11 

Su rface a r(~a (m2 /9) 22D 220 

ODS capacity ( III 11101/9 ) 0.3 0.'> 

*Data suppl i eel hy Phase Sep., 2"5 UsC'r Avenue, Hauppauge, NY 

repository, function of the Division of Cancer Cause and Prevention, Ncr/NIH, 

Bethesda, HD 202()5. Acetonitrile was glass distilled (Burdick & Jackson). 

Apparatus: I'. Pl0dular HPLC system consisting of Lahoratory Data Control 

(LDC) constametric 1 and II pumps attached to an LDC Gradient Master, a 

Chromatronix dual-channel UV absorbance detector (254 and 2SD nm), a 

Rl1eodyne injector, and a strip-chart recorder operated at D.;; in/min vias 

used. 

Three sets of C01UfllllS were lIsed of which two sets (50 mm x 4 11m and 

100 "1m x 4 ITIln) were each packed vlith 3 and 511 Spheri sorb ODS packi ngs 

obtainerl from Phase Sep., (see ·Iable for packing physical properties). 

rile thil'cI set (lOn I'lI'l x 4 fllrl anri 250 1'1m x 4 1111n) of columns Vlel'e packed 

vlith irregu·lar shaped ODS materials having a mean diameter of 5]1, a surface 

area of 400m2 /g, a pore diameter of SO AO, 10% total carbon and 95% 

silanization, obtained from \lhatman, Inc. 

The experiments were run at room temperature using a mobile phase of 

75% acetonitrile/l'later al: a flovi rate of 1 fll·I/Plin. un·less specified. Ten ill 
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Figure 1. Separntion of perylene, henzo(a)pyrene, benz(a)anthracene, 

methyl cholanthrene anrl coronene of a 10 crn long colurnn packerl 

with 5u Spherisorb ODS. 75% acetonitrile/water was used as 

the mohile phase. 
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Figure 2. Sarne as Figure 1, but 5 em colurnn. 
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10 em, 3/" RF' (Sphl 
75% ACN, 1 ml/min 
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Figure 3. Sa~e as Figure 1, but 10 em column packed with 3p 

Spherisorb ODS. 

sample solutions was injected. The mobile phase was degassed before use. 

No nlodifications of any kind vlere made on the instrument to accommodate 

the requi relDents of the short columns. 

ColuPln Packing: Supports were slurry packed into columns vlith acetone: 

acetonitri le (1: 1), at 8000 psi by the upward techniljue using a Haskel 

pneumatic [lump. 

RESULTS AND DISCUSSION 
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The objective of thi s study \'laS to exami ne the effect and pass i bi 1 ity 

of usinl) short columns with standard HPLC equipment. The results (Figures 
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ICiguro I). Sallie as f'igure 3, but S cm cloumn. 

1-4) indicate that, other than peak broadening, due to the 100 ul injector 

'loop and the long tuhe connections to th,' column and the detector, the sllort 

coll1Clns Ciln 1)(' ilrlilflterl to stAn(lilrri in<;tl'UI'lents Vlith A slllall loss of resolution 

\'Ihich "lay not affect UlP I'esull.s cir'llstica'ily. 

Figures 1 And 2 show the chromatograms from 10 and 5 em columns 

packed with 5u ODS Spherisorb material. It is clear, from the figures, 

that in both columns the mixture was separated into its five components. 

However, the peaks were broader with the 10 em column. When back pressure, 

peak heights and retention times are compared, the result favor the shorter 



" r 
o 

~ 
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20 r.m, F, .Lt, HP 
/h% AC!\!, Lb Ilii/min 
1/890 psi 

-~~~=~~l ___ ~===_~_l= o 4 8 12 16 20 
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Fi gure ~o Same as lei gure 1, but 2b Cill column packed \'lith ~Il 

i l're<Ju"1 ai' shape ODS 0 

co"il.lflln by approximately 2 to L It lias quite surprising that the 5 elll 

column performed as \'leI 1 as the lU cm column. This \'las also true \'Ihen 

tlw sane test mixture \-Ias injected into thellJ em and 5 CPl columns packed 

with 3]l OilS Spherisor'b ['1at(,I'"ial (Figul'f's 3 dnd 4). HowE'vpr, tile pE'dk 

heights differentia"l, i.E'., sensitiv"jty, ohs,,"veri \-lith 5w packed co"lul1l1ls 

(Ii gures I and 2) VIas absent iwr,". 

\-111('11 Lhe l'esl/lLs obtained us"ing the 311 and ~]l packed columns I-Ier-e 

COI'lflare<i, 110 s"ignil'icilnt diU"erencus in separat"ion \-Ias obsel"ved. The 

! .JB! 

c!"j"lfercnC0S ohsel'veri \'Ir'rp in I'('tention til'les ilnd hack pressures. Ot.I1('r\'I"lsr 

each set of coll1PlIls separateci the FiVE' r"Ol'lpOnpnts mixLllr", The ci1roflato'JI'ilplll'l 

can pr'obably dOl/b"lf> thl" flovI rate, I1s1n<1 the "If) Cl'l COl1l1'1n pilck~'d \,I"itll :)1' 

pal'ticles, \-lithout any loss of r'esolution, but shortening the retention times_ 

The results l'Iith the 10 anel 2S CPl columls pacb>cj \'lith i rrE'0111ar 

5f' O[JS materials (Figures 5 and 6) \-Iere different fl'Oll tilosf' usinU 

3 and 511 Spller"isorb packings (F"igures 1-4). The 25 eel column (Figure ~») 

did not give significantly improved resolution \'Ihen the results are 

compared \-lith those \'lith the III crn colullJn (Figur'e 6). 
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Figure 6. Same as Figure S, but 10 cm column. 

CONCLUSION 

The results showed that when the physical properties of the particles 

are closely related, the differences in the results with 3 and 5p particles 

or 5 and 10 cm columns is mini~al. The results also showed that there 

was a difference, under our experi~ental conditions, between columns packed 

with spherical and irregular particles. This is because both particles were 

I~anufactu red unde r diffe rent condit ions by di fferent manufactu rers. Thi s 

may be due to carbon loading,particle diameter and particle size distribution 

and end capping. 
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It is also clear' that separaLions take place in the fil'st leVi cent'imeter's 

of a column, and increasing the length of the column does not i~prove the 

resolution significantly, although this will increase the retention time and 

back pressure. Th'is phenomenon has been repol'ted by Regniel' (2) for ldl'ge 

1~101ecules. 
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ABSTRACT 

Saturated hydrocarbons are generally eluted according to molec­
ular volumes 1.n gel permeation chromatography(GPC). Other compounds, 
containing polar groups such as hydroxyl and carbonyl groups, devi­
ate from the molecular volume/elution count relationship {o7llich j s 
prepared using saturated hydrocarbons. The deviation is more or 
less observed regardless of the kinds of eluents. In this paper, 
this problem is investigated in detail with respect to infrared(IR) 
and proton magnet-Lc resonance(NMR) spectra, and concentration de­
pendences of peak heights and elution volumes in GPC. IR and NNE 
spectra reveal that alcohols, ketones and esters are strongly solv­
ated by eluent molecules such as chloroform and tetrahydrofuran(THF). 
The solvation effect leads to faster elution for these compounds 
than expected for aliphatic hydrocarbons. On the other hand, the 
concentration dependences of elution counts and peak heights prove 
the adsorption of amines on polystyrene gel in chloroform. In fact, 
the elution rates of amines and polychlorides are retarded. In the 
case of aliphatic carboxylic acids, the elution mechanism is more 
compl-i cAf'ed ~ [t~::;s()(~iatl()n ct"nd ndsorption c.ftcc.ttJ HoulJ be ovcl'lappedo 

INTRODUCTION 

Hany organtc compound," such as kc·tones and alcuhols are eluted 

at Imvc,r elution counts than expected from data for aliphatic hydro·­

carbons, as reported previously,l) The phenomenon is assumed to be 

due to solvation by eluent molecules. On the other hand, some other 

organic compounds such as amines and polychlorides are eluted at 

higher elution counts. This case is assumed to be due to adsor-p··· 
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tion of solute molecules on polys ty rene gel. BO\-Ieve r, no evidence 

other than deviation of elution volume has been presented yet. The 

solvation phenomenon is detectable by observing the ,-lavenumbers of 

absorption bands due to polar groups in IR spectra, or by the 

o values of peaks in NMR spectra. For example, the stretching 

vibration band of hydroxyl groups should appear from 3200 to 3600 
-1 

cm. If solvation occurs, the band will appear at a lmver wave-

number. If adsorption of solute molecules occurs, the peak height 

or the area under the peak will not be proportional to the concen­

tration, because some amount of solute molecules ,viII stay longer 

in columns than remaining molecules. 

would be expected. 

EXPERIMENTAL 

GPC 

Some other anomalous behavior 

A Shimadzu Model I-A gel permeation chromatograph ,vas used, 

equipped with the two columns which were packed Hith cross-linked 

polystyrene gel. One column had a nominal exclusion limit of 10~ 

and the other 102~. Each column was 4ft in lenr,th and 0.305in. in 

inner diameter. The instrument vlaS operated using o-dichloroben-­

zene(ODCB) as eluent "lith a flm" rate of 1.0ml/min at ambient temp­

erature and SOoC. One milliliter of a 1.0% ODCB so:!.ution of sample 

,.,as inj ected into the columns. One count corresponded to 5ml of 

eluen t, which vas measllred by a siphon. 

Another instrument Has used for jnv(>stj gattnr; concentnH:ion 

dependences of peak heights and elution counts in chloroform. A 

Toyosoda BLC-807 high speed liquid chromatograph \.,as used euip-

ped with the L,vo columns (G2000II
S

) Hhich \-lere packed Hith cross··link·· 

ed polystyrene gel. The columns had a nominal exclusion limit of 

250l\.. Each column ,,,as 2ft in length and O.30Sin. in inner diameter. 

The instrument ,.,as operated ,.,ith a flm., rate of 1. Oml/min at ambient 

temperature. One hundred microliter of a 0.5% chloroform solution 

of sample Has injected into the columns.
l

) In this case, one count 

corresponded to 128 drops of eluent coming out from a special nozzle 

\.,hich forms a part of an eluent volume detector. This count also 

corresponded to nearly 0.74ml of eluent. 
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IR spectroscopy 

A Hitachi Model EFI-C3 infrared spectrophotometer was used 

,-lith liquid NaCl cells of O.5mm thickness. Measurements ,,,ere done 

at a concentration 1 to 2g/cll in chloroform, or in Nujol for solid 

compounds. Infrared spectra of neat samples \.Jere measured by 

spreading on NaCl plates or as a Nujol mull. Calibration \.Jas accom­

plished by referring the spectra to that of a thin film of polysty-

rene. 

NMR spectroscoPY 

A Nihondenshi Model JNM4H-IOO high resolution NMR spectrometer 

\.Jas used to determine the chemical shifts in IH-NMR. NMR spectra 

should be measured at 1% concentration, that is, the same concen­

tration as in GPC. HO\.Jever, at such low concentrations, NMR spectra 

are not readily obtainable. A concentration of 5% ,,,as usually 

provided for the measurement. Tetramethylsilane(Si(CH
3

)4) was used 

as an internal standard. 

Samples and solvents 

Aliphatic and aromatic hydrocarbons were supplied by various 

chemical producers. Esters and alcohols \.Jere supplied by Applied 

Science Laboratories Inc.,(State College, Pa., U.S.A.), and ketones 

by Polyscience Corp. ,(Niles, IL, U.S.A.). ODCB is a special grade 

purchased from Kishida Chemical Co. ,(Higashi-ku, Osaka, Japan). 

RESULTS AND DISCUSSION 

Elution behavior in ODCB 

The elution behavior in chloroform \.Jas sho\.Jn in the previous 
1) 

paper. To understand the elution behavior it is very valuable 

that measurements are done in different eluents. Logal·ithmic molec­

ular volumes log V
M 

were plotted against elution counts by the same 

,,,ay as in the previous paper, 1) where V
M 

equals M/ d (M: molecular 

,,,eight, d: density) in this discussion. The result at ambient 

temperature is shown in Figure L The extent of deviation of the 

elution volumes is much smaller in ODCB than was previously report­

ed in chloroform. 1) The elution behavior at 80 0 C is shown in Fig-
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Logarithmic molecular volumes vs. elution counts in ODCB 
at ambient tempera·tu1e. T\v0 2columns having nominal ex­
clusion limits of 10· and 10 R \'lere used. 

ure 2. Experimental points seem to fallon the same curve as ob-

tained for aliphatic hydrocarbons. Hmvever, this "pparent agree­

ment comes from the decrease of resolution, because only one colunm 

having a nominal exclusion limit of loR was used at 80°C. It is 

difficult t.o compare exactly the result s110Hn in Figure 1 \vith that 

in [<'Lgure 2. In that sense, these results do not involve so detail-

ed information on the temperature dependence of elution counts as 

1 
2) 

presented by CantoH et a. At any rate, it is sure that there is 

no substantial change of experilY!ental results at high temperature. 

If solvation Has the major factor, the deviation should disappear 

or decrease at high temperature. He conclude that the deviation is 

caused by solvation, but by adsorption of solute molecules. 

Elution behavior depends upon the kind of eluent. Moreover, 

,·le cannot expect to prepare a universal calibration for IOH molec­

ulAr "eight compounds even if any eluents were carefully selected. 
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that used for experiment of Figure 1. 

Solvation 

In the previous paper, He suggested that solvation and adsorp­

tion are the major factors by Hhich the deviation occurs in GPC 

elution behavior. Concerning solvation, N~ffi and IR spectra reveal 

d i rec t: ly the prcE3ence 0 f hydro glen bonding be tHe en soluLes allU elu-­

ent molecules. Various cases are demonstrated in Table 1. For 

example, stearyl alcohol has an absorption band at 3323. Scm' -1 due 

Lo hydroxyl group, \"hen Lhe spectrum is measured fot:' neat sample. 

This 1m" f'requency is the result of intermolecular hydrogen bonding. 

The same compound in a 1% solution shaHs the absorption band at 
-1 -1 -1 

3445.9cm in chloroform, at 346S.2cm in THF and 3607.0cm in 

ODCB. These ,·7avenumbers reveal that stearyl alcohol is solvated 

strongly by chloroform and THF. NHR spectra also clearly shn,o] this 

tendency. The signals of hydroxyl group lie at 10Her magnetic 

field in chloroform and THF than in ODCH. Solute/solute interac-
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tion may be taken into account. HmoJever, the fracti.on of eluent 

in the solution is almost 100%. Solute/eluent interaction is more 

predominant than solute/solute interaction in their probabilities 

if He assume that interaction forces are similar. 

In Table 1, the estimated results from IR and NMR spectra are 

sho= in the column, "solvation." The extent of the deviation ob­

served in GPC is shmoJn in the colunm, "deviation." In most cases, 

the agreement between the estimated deviation, i.e., "solvation," 

and the observed deviation, Le., "deviation," is good. This fact 

clearly proves that elution volumes are largely influenced by sol­

vation betHeen solute and eluent molecules. Large discrepancies 

between the estimated and observed deviation are, however, present 

for amines and carboxylic acids, especially when chloroform is used 

as eluent. In the former, the elution volumes are smaller than in 

hydrocarbons. This behavior is completely different from that ex-

pee ted from IR and NMR spectra. This fact suggests that the adsorp-

tion effect is more predominant than solvation in this system. 

Free carboxylic acids generally do not exist in solution. 

Even in fairly diluted solution, carboxylic acids exist as dimers. 3 ) 

IR and NMR spectra do not simply reflect the phenomenon of solva-

tion by eluent molecules in this case. Carboxylic acids should be 

eluted at considerably lower counts than expected from hydrocarbons, 

since the dimer is the most probable structure in solution. 

ever, these compounds are eluted at almost the same elution counts 

as corresponding hydrocarbons, as compared Hith amines and esters. l ) 

This abnormal phenomenon would be due to the adsorption of solute 

molecules on the gel surface. 

hA~orption 

To confirm the adsorption effect, the follmving experiments 

,,,ere carried out in amine/chloroform system. If adsorption of 901-

ute molecules takes place on the gel surface, the peak heights in 

GPC will not be proportional to the concentration of solutes because 

of retardation of some amount of solute molecules. The concentra-

tion dependence of peak heights was measured for various compounds. 

Figures 3 and 4 show these results. In n-octadecane and toluene, 
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FIGURE 5. Concentration dependence of elution counts in chloroform. 

the peak heights are completely proportional to the concentration. 

These straight lines pass through the origin. In stearyl amine, 

1,2,4,S-tetrachlorobenzene and stearic acid, the peak heights vs. 

concentration curves, however, do not pass through the origin. 

These figures demonstrate that the pea:< of the compounds disappears 

at a certain concentration. The solute molecules are completely 

adsorbed on the gel surface at the concentration where the peak 

disappears. 

As shm"n in Figure 5, the elution counts in stearyl amine de­

creased with increasing concentration: the elution volume is consid­

erably increased by adsorption at 1m" concentration. On the other 

hand, the behavior in octadecane is contrary to that of stearyl 

ami.ne and is rather normal for GPC. 5 ) The concentration dependence 

of elution counts also proves the occurence of adsorption in stea­

ryl amj.ne. 
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RAPID AMINO ACID ANALYSIS IN BIOTECHNOLOGY: 
DETERMINATION OF ALANINE AND ASPARTIC ACID 

H. Kneifel and A.-S. Jandel 
KFA JUlich, Institute of Biotechnology 

P.O. Box 1913 
0-5170 JUlich 1, FRG 

ABSTRACT 

A fast and sensitive chromatographic method was developed to 
monitor the enzymatic conversion of aspartic acid into alanine in 
a membrane reactor. The amino acids were converted into dansyl 
derivatives which were separated by ion-pair chromatography on a 
reversed-phase column and detected by fluorimetry using only 
conventi ona 1 HPLC equi pment. 

I NTRODUCTI ON 

The use of biotechnological processes to produce amino acids 

has recently been gaining in importance (1). Their main advantage 

in comparison with most chemical syntheses is that pure enantio­

mers are formed. L-amino acids are produced not only using cultures 

of microorganisms, but also with isolated enzymes as reaction 

catalysts (2). For example, L-amino acids are produced very success 

fully by using soluble enzymes in an enzyme-membrane reactor where 

the substrate solution is pumped continuously into a stirred tank 

Y'eactor. Ultrafi Itration is used to retain the enzymes in the 

reaction vessel and to allow the amino acids formed to be collected 

in the effluent (3,4). L-,*alanine is produced from L·-aspartic 

acid by the soluble enzyme L-aspartate-B-dicarboxylase. Measuring 

the optical rotation of the products is one way to record the 

conversion (5). This method, however, is problematic in low 
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conccnL\'tll:ion rtlnges (c 100 mM) ilnd is hilmpered by pr'oblems 

like bubble fOY'lllat"ion (CO?) and protE,"in pr'ccivitation, 

Chromatographic methods can be used for measuring process 

killetics "if run "in a repeLiUve vmy, A chromatographic method 

suitab'le for allrino acid analysis of the efnuent of a membrane 

i'eactor has to be Fast to allow analysis of a large numbN' of 

samples and sensitive to allow measurements of the beginning and 

end phase of the reaction with low concentrations of the end 

product and of the precursor. In spite of its routine use for 

amino acid analysis, ion-exchange chromatography is too slow to 

be used in the monitoring of the conversion in a membrane 

reactor and, furthermore, accumulation of contaminants in the 

column necessitates frequent regenerations. Systems with column­

switching could overcome some of these problems. 

Reversed-phase columns are, by far, most frequently used in 

HPLC, However, compounds like polar amino acids are hardly 

retained on these columns. Therefore, pre-column derivaLizaLion 

has to be performed to convert amino acids into more unpolar 

derivatives which also can be more easily and sensitively 

detected. The main disadvantage of pre-column derivatization is 

the time and labor necessary to treat the samples. However, 

preparation time per sample reduces with increasing numbers of 

samples. 

Conversion of ilmino ilcids into fluorescent dansyl derivat, 

ives (see equation below) hilS been used Lo improve chromato­

graphic separations and to enhance sensitivity (6, 7). 

H 
+ H2N- ~- COGH 

R - Hel 

dansyl ch"loride + an1"ino acid clansylatecl dmino acid 
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There aY'l' severell pub I i Cel Li OilS on the sepCHd t'i on of compl ex 

mixtures of dallsyl amino acids (8 - 12). The task of this 

investigaUon, howeVl'~r" WClS to f"ind out condiUons which anmved 

Uw analysis of' ,iust, 1:1'.'0 allri(lo i1cic!sin iJI(~ siJ(ly'tes[: poss'ible 

I:ime. We now describe the usp of the dansy'iation technique in 

combinaUon with h'igh"pr'"ssure liquid chromCltography for the 

rapid and sensitive monitoring of Clmino Clcid conversion in a 

membrane reactor 

MATERIALS AND METHODS 

.l\ppa.!:.at~ 
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A Waters (GmbH) M 6000A pump was connected with a U6K in­

jector and a p-Bondapak C18 column (30 x 0.4 cm, 10 ~m particles, 

octadecylsilyl phase). Detection was achieved with a fluorescence 

detector (Du Pont 836) equi pped vri th a 16;U I fl ow ce'll. The 

excitation wavelength was ~ = 250 - 390 nm while emitted light 

passed through a cut-off filter of A = 451 nm. Signals w"re 

recorded by a Laumanr (Selb, Bavaria) recorder and processed by 

a Spectraphysics System I Computing Integrator. 

Chemicals 

Acetonitri"le was p.a. grade (Merck). It I'Jas distilled prior 

to use. L-amino acids were put'"st available 9Y'ade (S'iYllIa). Other' 

ciJelllicais were p.d. reagents (fYI"J'ck) I'rith the f~xception of Lel;Y'd"" 

butyl arnmoni um bromi de (Fl uka) . 

?am2.I~~ Deri va .~l za.!_ion 

A modHication of the lI1eUlOd describ"d by Tapuh'j et ill. (13) 

VJas used. In a glass vial with a teflon-lined screw cap, IO/ui 

of a sample containing up to 0.2 M amino acid were mixed with 

1 ml dansyl chloride solution (3 mg/ml in acetonitrile) and 

2.0 ml buffer containing the internal standard (40 mM Li 2C0 3 • 

adjusted to pH 10 with HC1, 1.0 mM glycine). The solution was 
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kept 15 mi n at 60 °C. Therea fter, 100 fUl of prol i ne sol uti on 

(5 % in water) was added to bind the excess of dansyl chloride, 

and the reaction was completed at 60 °c (5 min). After cooling 
to room temperature, 25,u"1 of this mixture vias injected for 

analysis. The derivatized samples are sufficiently stable at 

room temperature and in the dark. 

Eluent Preparation and Chromatographic Conditions 

The eluent consisted of acetonitrile (32 %, 34 %, 36 % or 

39 %) and aqueous buffer. To prepare the aqueous buffer, 100 ml 
of a stock solution (aqueous solution of 40.8 g sodium acetate 

x 3 H20 and 16.1 g of tetrabutylammonium bromide in 1000 ml) were 
mixed with 0.9000 to 5.400 g acetic acid and brought to 1000 ml 

with water. These concentrations correspond to 30 mM sodium 

acetate, 5 mM tetrabutylammonium bromide, and 15 - 90 m~~ 

acetic acid. The eluent selected for amino acid analysis 

consisted of 36 % acetonitrile (v/v) and 64 % aqueous buffer 
(30 mM sodium acetate, 45 mM acetic acid, and 5 mM tetra­
buty"1 ammoni um bromi de) . 

HPLC was performed at room temperature (21 °C) and with a 
flow of 2.0 ml/min. 

Determination of Amino Acid Concentrations 

A calibration curve was obtained with standard solutions of 
o - 0.2 M amino acid, derivatization as described above and by 

measuring the peak areas. Amino acid concentrations of samples 

were calculated using the program of the integrator (method 2: 
Internal Standard). 

RESULTS AND DISCUSSION 

For the reliable analysis of aspartic acid and alanine by 

HPLC of the dansyl derivatives, the derivatization procedure as 
well as the chromatographic separation had to be optimized. 
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4& alanine 
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FIGURE 1. Time course of the reaction of aspartic acid, alanine 
and glycine with dansyl chloride. 

Previous problems with varying yields depending on the 

excess of dansyl chloride in relation to the amino acid concen­

tration have been mostly overcome by the use of acetonitrile 

as solvent and lithium carbonate as buffer component in the 

derivatization procedure (13). In order to establish a stable 
baseline and to increase the stability of the reaction products, 

it was found that binding of the excess of dansyl chloride is 
important. The use of an internal standard increased the 

accuracy of the method considerably. A suitable internal 
standard had to show similar react"ivity with all compounds 

analyzed. Glycine has a similar reaction rate with dansyl 

chloride when compared with alanine and aspartic acid (14) and 
was, therefore, chosen as internal standard. As can be seen from 

figure 1, the yield of the dansylation reaction of the amino 

acids reached the maximum after 5 - 15 minutes. A reaction time 
of 5 minutes was found sufficient for analysis. Proline, which 

was used to bind the excess of dansyl chloride, reacted within 
seconds under the reaction conditions applied. 

The separation of dansyl derivatives of amino acids on 
reversed-phase columns has been achieved mainly using phosphate 
or acetate buffers with acetonitrile or methanol as organic 
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FIGUHE 3. HPLC chromatogram of a dansylated samp'le containing 
alanine, aspartic acid, glycine (internal standard) 
and prol'ine (dansyl ell'loy'icie ';eavanqey'), 

modifiers (8 - 12), In or'der' to reso'lvp. all 20 prot.ein am'ino 

acids, gradient progralns had to be app'lied. IOoy' the complete 

resolution of tfw amino acids investigated in this study in the 

shortest possible timp. morp. suitable separation conditions had 

to be found, In addition to dansyl aspartic acid, alanine and 

g'lycine (internal standal'd), dansyl pY'oline (bound excess of 

dansyl chloride), Dans·,OII (hydrolY7od dalby'l chlor'icie) and cla,nsyl 

alnicie (side product) had to be separated. It \v<Js found that the 

cClLionic lon-paiY' reaCJent tetTabutylalnmoniuln bromicieimpr'oveci 

the peak :;hapf~ of the eluted di)nsyl CJnrinn acids cOll';idf')'allly. 

Optimum separatiofl conditions were obtained by keeping concentra­

['ions of sodil!lIl acetale iJnd 'ion'pa'if" t'edCjlC'1l1. constant i\lld by 

varying acet'ic auct anel aceLonitr"ile coneenlTai.'IOI1S. 

From figure 2 it can be seen that a relatively small 

increase ln acetoni1..r'j Ie concentriJtion caused ';trong reductions 

in retention time of all compounds analY7ed. Ionization of the 

carboxylic group of the clansyl amino acids is reduced by the 

addition of acetic acid, and this loss in polarity is responsible 

for the increased retention with increasing acid concentrations, 
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FIGURE 4. Calibration curve for the determination of aspart 
acid and alanine. 
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rIGURE 5. T-ime course of alanine production from aspartic acid 
in a membrane reactor. 

Separation conditions were found to be optimal with 36 % aceto­

nitrile in the solvent under the HPLC conditions used. Under 

these conditions all dansylated amino acids involved in the 
analytical system and the dansyl derivatives of a~nonia and 

water were separated well enough to allow the analytical proce­
dure to be established (see fig. 3). Higher acetonitrile 
concentrations would give even smaller retention times, but 
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aspartic acid \',ould then be e-Iuted Loo near Lo Dans .. OII resulting 

in loss of accuracy. 

With concen tra t ions between 2.0 and 200 mM ami no aci d , 

typical for the reactor, an excellent calibration curve was 

obtained (R > 0.999; see fig. 4). The use of this calibration 

curve allowed the measurement of aspartic acid conversion into 

alanine (see fig. 5). 

CONCLUSION 
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Using the chromatographic separation described, one run was 

compl~~ed within six minutes. The dansylation procedure (about 

15,' 'Jtes for 10 samples) lengthened the process time per sample 

onl lightly. Regeneration of the column after several runs 
yiel~nd hardly any fluorescent material. Therefore, time-consum­

i ng . -'genera ti on procedures are not neces sary add i ng to the 

convenience and speed of this method. In comparison, the analysis 

using a routine amino acid analyzer would require at least one 

hour and even with an abbreviated program not more than one 
injection in 30 minutes would be possible. 

Although the presented method describes the determination of 

ala~ine and aspartic acid, the principles of optimization can be 
applied to any dansylated amino acid to be analyzed. This way, 

amino acids produced by fermentation or by any other process can 

be analyzed cOllveniently using standard IIPLC equipment. 
For semi-continuous reactor analysis automatic sample 

treatment would be required. Investigations are now under way to 

convert the method descr-ibed into such a semi-continuous method 
for membrane reactor monitoring. 
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PURIFICATION OF HUflAN PLATEL ET r'iOHOA~1IrjE OXIDASE B 

BY HIGH PERFORtIAHC E LI QU 10 CHRm1ATOGRAPHY 

G.A.S. Ansari, t-iutan T. Patel, Richard R. Fritz and Creed U. Abell 

Division of Biochemistry 

The Uni ve rs ity of Texas t1ed i ca 1 Branch 

Galveston, Texas 77550 

ABSTRACT 

Human platelet monoamine oxidase (MAO B), a membrane bound 
enzyme ~Ias puri fi ed to homogenei ty by DEAE- Sephacel col umn chrom­
atography, chromatofocusing, and high performance liquid chromato­
graphy (HPLC). The crucial purification step ViaS HPLC on a anion 
exchange column (SynChropak AX 300). The HPLC column was eluted 
initially with potassium phosphate buffer (100 mt1, pH 7.4) for 10 
min at a flow rate of 1.0 ml/min, followed by a gradient (0-1%) of 
octyl-i3-D-glucopyranoside (octylglucoside) in the same buffer for 
10 min, and finally vlith buffered octylglucoside (1%) for 40 min. 
The elution of pargyline-bound or active HAO was established by 
determining either radioactivity in each ~raction when tl~O B had 
previously been covalentlY1habeled with.[ HJ-pargyline [ H(G)] or 
c~talytic activity using [ C-methyleneJ-benzylamine as substrate. 
[H]-pargyline-bound and active ['iAO B eluted from the column at 
approximately 34 min. The extent of homogeneity and the subunit n 
(approximately 59,000) of 11AO B were determined oy sodiull-dodecylr 
sulfate polyacrylamide gel electrophoresis follovled by silver 
staining for proteins. 

I NTRODUCTI ON - __________ 0 __ _ 

Monoamine oxidase (amine: oxygen oxidoreductase, E.C. 

1.4.3.4.) (r'1AO) is an intrinsic memorane flavoprotein localized in 

the outer mitochondrial membrane (1). This enzyme has an approxi-
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nli\U~ 11101 ecul (11" vleicJlrt 01 l?U,()()() and consisL" or [\,10 "uburriLs, utle 

of IIhich conta'ins cuvalenLly bound lIavin adenine dinucleotide. 

i'lf',O hilS been ClclSS'if'icciinto Lv}() types, p, unci 13, depending upon 

tlieir' diflf~n:nccs in ';eflsiliviLy to spccificini1'ib'itors and their 

pn:fcn"nc(: for different alilines as substrates. rNIO 1\ preferen·, 

tially cieal:1inatl's S .. hydr'oxytryptalrrirw and Ilorepinephrine and is 

sensitive to inhibit'ion by clor9y'line (?, 3), Itlhi Ie; 1,11\0 U dea .. 

minates benzy'lamine and p' .. pheny'le;thy'lamine (4) and is preferen-

tially inhibited by pargyline (5) and depreny'l (2). Both types of 

~~O are; present in most tissues, each being expressed in varying 

proportions 'in different tissues (6-10). In human tissues, hOII­

ever, piate'lets contain IIlOSt'ly 11AO B, vlilereas placenta has a Iligir 

proportion of MAO A. 
In this article, I'll' describe the pUY'ification of r1AO B from 

outdated human plate;'lets, ernp'loying a three~step procedure I'lhich 

includes [)EAE~Sepllace'l column cilrolilatography, chromatofocusing, and 

high performance I 'iqu'id cilromatogl'aphy. 

HflTEl'IIALS MD 11ETHODS ---------------------------

Chenri ca'i s: 
Octylglucoside (octyl P,D-g'lucopyri:lnosicle) \'laS oiJtained fronl 

Ca'lhiuchern-llehy'ing CoqJ. 13H]-par-gyline (Pargyl'ine-HC1, specific 

acLivi Ly, 15 Ci/llll,[ol) VldS pun:hased frOid NeVI [n~Jlilnd l'IIIC'10(11' and 

L14c,I,IJCllfyldlllil1c (l3enfyldl1linl; 11[1 [1,lclhjlcne 14['], specific ac 

t'ivi ty, 14 mCi /lomo'l) vias obtai ned From lCN Pharll1aceuti cal s, Inc. 

PUY'i i i Cd (; i 011 

Vldl:clel rich plasl:ld (PRP) \'las oLl:ilincd fnm llw iJniv(!rsily of 

Texas t1edica'l Ikanch Illood Bank il1lmediate'ly after they b(~carne 

out, elated (72 hours after b'looci dravling). The PRP vias stored in a 

col d·,rool1l overnight. In each 111\0 preparation, a batch of 25 units 

(65 1Il1/unit) was used. 

Pooled PRP was centrifuged at 600 x 9 for 3 min to remove 

conLaminatinCj red blood cells and 'lymphocytes. The supernatant vias 
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centr"if'ue]ed aL (~,!:JUU X g for' 2U Il:in and Lhe platclcL:o conccted. 

The platelets were washed by dispersing in U.9% saline-5 mM EDIA 

(saline-ETlT/\), pH 1.4, and then centrifuged at 2,5UO x g for 20 

min, I\fter tl'lO l:lOn~ vlashinqs VJith saline-EDT/\ so'lut'jon, the vlash(~d 

platelets I'iere sllspencieci in cold clistnled \Iater to a fina'i protein 

concentration of 5 mg/ml. The suspension was frozen at -2UoC 

overn'ight, tha\Jed, and centrifuged at 35,000 x g for 60 m'j n. The 

pellet was suspended in 50 11M potassium phosphate buffer, pH 8.0, 

containing 0.1% Triton X-laO (freshly prepared). After the suspen­

sion was stirred for 60 min at 4°C, it was centrifuged at 35,000 x 

g for 30 min. The pellet \~as resuspended 'in 50 mH potassium phos­

phate buffer, pH 8.0, containing 0.5% Triton X-laO, stirred for 60 

min at 4°C and centrifuged at 150,000 x g for 60 min. The superna­

tant containing solubilized MAO was dialyzed against 3 x 6000 ml of 

10 mM potassium phosphate buffer, pH 8.0, for 36-40 h. 

Then the dialyzed-extracted MAO was fractionated on a 

DEAE-Sephacel (Pharr~acia) column (2.6 x 40 cm) \'Ih'ich had been 

previously equilibrated with 10 mM potassium phosphate buffer, pH 

S.D. The column vias developed by stepl'iise elution vlith 10 mf'1 and 

100 mt1 potass i um phosphate buffer, pH 8. 0, and MAO vias el uted Vii th 

100 mN potassium phosphate buffer, pH 8.0, containing 0.25% Triton 

X-100. The fractions containing high flAO activity were pooled 

together and the active protein was precipitated by adding solid 

(NH4)2S04 to 50% salur-aLion. The frJ'ixture vias centrifuyed at 30,000 

x SI for GO III ill ilnd L!J(c precipitJte vlff'ich floated on the slirfou' vias 

collected. The p"ecipitate VJas dissolved in 50 l~lr1 potassium phOS-

phate, pH 8.0, containing 1% octylglucoside and then dialyzed 

against 3 x ()OOO 1111 of 0.02!i ['i Tris-aceLaLe uuffer, plJ 7.~, for 

JG-~O h. Solid octylghlCos'ide I'las added to lhe dialyzed solution 

to a final concentration of 1%. This preparation was further 

fractionated on a Polybuffer Exchans]Cr 94 (Pharmacia) chromato·, 

focusing column (0.9 x 27cm) according to the instructions from 

Pharr~lacia Fine Chemicals. The pH gradient was developed by elution 

vlith 200 ml of eight times-d'iluted Polybuffer 74 (Pharmacia), pH 

4.0, (adjusted vlith 1 f1 HC1) containiny 1% octylglucoside. The 2.8 
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ml rr',3cl,'ioll \,)i'r'(' cnlleclyri (lwi Vf(-')'f-' assi'Yf"d frn' ail<;(lY';)t'inll i),1: ?HrJ 

nm, pil, ilnd jil\l) c\(,LiviLy, I ill , l'rciCI;i()ns sil()I/irJ(J hi~!:1 j,i/\O ,'ci.ivll.y 

rIc'ar' pi! 5,] VICle po()'ledi'(){je'ti)('r iJnrJ l.k" deLive) prol'.rc"in f'loact'inn 

IW; j)recipiicited by dddinq sulid U!II(1) to 8(]~G Si:lLiH'at'ion, The 

1'lodt-inC] precipiLiltc collN:tcd aiLc'r centl"iillCF)tioll <Jt :J(),()O() x II 

[ur ('O nrill vldS vlasl!eL! once: \Iili, S(J):; sL11.IH'o.l:l'd solutio,l of (i'111
4

) 

ill 50 1111,1 p()Lc\s~;iul1l p!1u:,pl1ilLo iJuffer, pi: 7.~. Thco l.filshed PI'cocil'" 

'i Lilte lias disso'ivedin GO rn~1 potass'iur:l phosphate buffer, pH 15.0, 

containing 1% octylglucoside and dialyzed against GOOO rnl of 10 mM 

IJutassiul'1 phosphate buffer, pH 7.4, for 2~ h. This dialyzed, 

chl"omatofocLised fraction \'/aS further fractionated by flPLC 

HPLC l'ias [lerformeci on a Beckr,lan model 334 Gradient LiClU'id 

Chromatograph us'inl) a SynChropak /\X 300 co'lurnn (4 x 300 rn'~l), a 

Beckman model 1~)3 analytical UV detector containinq 280 nl1l fi'l ter, 

anci em I\ll:ex C~'RIA processor, Oile 1111 of the chrol;latofocLlscd frac·, 

t'ion, (O.G-O.l rng protein) in 10 mi,! potassium phosphate buffer, [l\1 

7.(\, Iva.s injecl.('d anri elut(,<l l'iith potassillnl phosphate buffer, (lOG 

mil, pH 7.4) foy' 10 In-in, followeci by a gradient (O-l?n of octylglu­

cosid(, in the same buffer for an addi tional 10 min. Catalytically 

actiVf~ HAO \vas eluted I'lith phosphate buffer conta-irling 1% octyl~(lu-

cos ide For 40 min. A flow rate of 1.0 ml/mill was maintained 

1.hr'C1uc)hout the C lut ion pruf'il t'. 

Fractions containing catalytically activc 11AO I'lcy'e poo'led to .. 

qct:lwr and dia'lyzed aqainst 10 mn potass'ium pfios[lhate buffer, pH 

7,11, for 2f[ h, The dialyzed fri1ct'ion (2.0 rnl) '(fi1S rechromato-

~lra[Jhcri on the rlPLC column as describpd a,hove, The active fri1c-

I'iono; \!C?y'e poo'\c!cI, dic1lY7ed" and lyophililf~(1 before ('loctrophoresis, 

111\0 I\c ti vi De i:e nn 'i n a Li on; 

111\0 ac l ivi Ly vias assayed by tllC'~ bas'ic proc{cdure of \Jurti:1iIn and 

/\x.clruc\ (11). The aSSilY Il1'ix.ture contained 2 mi'l L14CJ-lwllzylc\l1ine 

(spcciric acLivity, 2 rn(i/l1l1nole), ~iD mil potas';iurn phosphate buffer, 

pH '1.4" and the enzyme in il total VO'lul,le of 15)1'1. The T!l'ixl.uY'C? ViaS 

incubal:ecl at 31"C for 30 I~l'ill. Tlw Y'eact'ion vMS tenrl'inaLed by 

transfeninrl the mixture to an ice bath and adding 3 ,11 of G 11 Hel. 
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Chromatofocusing of DEA&Sephacel fraction proteins on Poly­

buffer Exchanger 94 column. Column size: 0.9 x 30 cm. Bed height: 

27 cm. Elution conditions: Starting buffer -- 0.025 f'1 Tris-acetate, 

pH 7.4, containing 1% octylglucoside; Elution buffer -- Polybuffer 

74 (8 times diluted), pH 4.0, containin9 1% octylglucoside; Flovl 

rate: 32 mL/h. 

A. Sar.Jple: 48 I11g of DEAE-Sephace'j fraction protein in 0.025 ~1 

Tris-acetate, pH 7.4, containing 1% octylglucoside applied on 

the column. Each individual fract-ion V/aS assayed for pH, 

absorbance at 280 rim, and catalytic activity. 

Tv.JO types of blanks Vlere used: a tissue blank, in vlhich 3 pI of G 

H HCI viaS added to the complete reaction I~ixture before incuhation; 

and a Ivater b'lank, 'in \vh'ich the enzyme Ivas replaced by an equiv-

alent volume of water. The C14 C]-benzylaldehyde formed was ex-

tracted Vii th 120 111 of tol uene and centrifuged. SixtY)11 of the 

toluene layer Vias mixed with 3.0 ml of ScintiVerse r (Fisher 

Scientif'ic Co.) cocktail and counted. The spc:cific activity of the 
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FIGURE 1 (continued) 

8. Samp1 e: 35 mg of [3H]-par9y1 inc treated DEAE-Sephace1 fraction 

proteins in 0.02:1 t'j Tris-acetate, pH 7.4, containing 1% octyl­

glucoside applied on the co'lumn. Absorbance profile at 280 nr;1 

was obtained by coupling LKB Uvicord II to the column. Each 

individual fraction Has assayed for pH and [3HJ activity (10 

))1 aliquot from each fraction I'las mixed with 4.0 m1 PCS count­

ing fluid from Amersham Corporation and counted in Beckman LS 

8000 scintillation counter). 

enzyme vias expressed as nmo1 es of [lAC}. benzyl al dehyde formed/il/rng 

pt"oLein. 

l:.!tL-f.aI.9.JJJ..n_e.Jlj!l_dj.n9 __ t.o. tlf\Q: 
The DEAE··Sephace'l fraction (22.6 mg protein/8.0 m1) I'las mixed 

vlitIJ 0.96 IllI or O.S r'l potass'iUlIl phosphate buffer, pH 1.4, and U.09/ 
? 

III 1 of [JIIJ-pargyline solution (specific activity, 15.3 Ci/nholc) ill 

a total volume of 9.6 ml. The mixture was incubated at 37°C for 60 

min, cooled on ice, and then dialyzed against 3 x 6000 1111 of 25 mf1 

Tris-acetate buffer (pH 7.4) for 60 h. SDS-po1yacry1amide gel 

electrophoresis showed that the [3HJ activity was concentrated in 

the protein band havinCj a Hr of about 59,000, demonstrat'in(j 

specif'ic 1alie·ling of IIAO. 
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lO),'jry ,e'L i_\ . .i ('I?); U:-)!I)~J I)OV'II)(: 1)·l(l.s!~kl ~jd!illli(l ~~J"lol)lil'ill d") ~~Landay'd" 

:;I)~,;, pol y il, C Y'y I iilll I cI c' (Wi t'l ('e: '(0 p I: () tl,' ';1 S 1111a! y ~,;!' S of Uw fr 11 eLi U liS 

\'1C~l'C C:(i.rY'IP~1 (l(ll. d.LCU(Clillq Lu id'!llJr1rdv) (J:))~ V/ILh ?~)~0 sLdcklflq 

ril:~clih(!d hy lien'ill ci' ill (II!) Cor:1W'lCilJl [Y'iLon X ](){) \'IllS 

'illl 

co'l unm chroma'lo, 

CJ chrol'lato('ocw;'in(j on Polyhl'i'fc'r Ixchan<jey' 94 (r'llilY'lrldeia) 

co I lI!OIII , ,1\1d ! 11'1. (, ('fIIP'1 11<; rJ.11 ",lIlon C!XCIiDrI'jC (O'llllilll liD" Iwen us(~d 

to plIY"lfy hUlllan pliltel()L !']/\() to i\ sin<jle band on SDS"roIYDcrylanriclr: 

qe'ls, Tn'ell,merlt. of 1.1'10 i:i('I!li)lilflP fracl"jol1 oht,1'ined al't!'Y' centY"i· 

fllrjiJi:ion of d freczc·tlli1.Vleri pliJ/:(~lct sw;pP(lsion \'Iith buffCY'f:r) 

rJetpY'gE'lI1. (0,1% Tr'Holl X,H10) did not Y'p'leasc ri/lO activity into th() 

I'Jdsh !'IJrthcl' trE'al'lnC'llt "Ii til bldfen,c\ O.~)% Tr'iton X,·lOll solubil·· 

iZI'd /I~;~;S%, (If rn,pCHi\tiOiI:;) or iiH' plili:"iei 1·1/\0 (lel,ivi!y. This 

('xtY'acL'iun c;LepinCY'l'Cl(;ecl Llw spccil'ic activity :,>,lS t'iw'::; (,lal)'le J, 

FY'il c ti on Iq. On fu lthl'l !Y'iH: Ii Oildl. i un of the di a'i Ylf'd Tt"i ton X· lOO 

so'l ubi 1i led (:,l( iT i.l C i, 0'1 ii III/\i colul!ln, liilt) acL!v'ity IlilS 

(,luted \'Jilh )O() Inn POI>IS'oII>;:1 pIiO';pililIJ; ))I.IUI'I", pH [l,(L, c()nL:ainiIH.J 

(1,;>~j7G l1'i LUll X .. IO(), 

LivHy (Lotill plirificirt,inn Jl! I 

io'icl:,I,lili(; 1, Ir'<Jciioll \:), lipor: rllY'CW'lili..ol'OCIi';inq, "II,icll :;l'l'di"ilL:P;; 

prut"lw, on Liw ba:;i'; of dili'n'c'lIcc'; 'in is()('lectr'ic r,lls, 1'1/\0 (leUv, 

iLy I""'; ,'IUi.f'd ilS ,1 ,;lldi'p pCCdk ,It pll !):1 (1:'iqut'C' 1./\ ilnd Ill) 

-lilte'('Clct"jon nf po"lyl)urr"c'y {~'«!ldnlJCr; E:(1u-jl-ihr'di:t-:d dt one pil ulLh 

polybuli2t (C'IIII'ni:) \'Ii) iell lUi,'. ''','1'11 dciJuc,b,d to i\ s(;con<.i~ 100v:"1' 1"11 

Vellll''', iili:; "i,I'i' '.)1 pllriri iioll dicl ilOL 1'l!sulL ill elil j'ller'(}" in 
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SIlS-polyacy'ylarnide clel prof Tie of various fract-ions. Electro-

phoresis \'las run and sta'ined For PI"otc'ins I'lith silver as dcscl"'ibed 

in I.'iatel"ials and 1·1eLilods. l.ane l' DEI\[,-Sephac(~1 f,'act'ion (J.O ]19 

pr-ol.ein); Lane 2. Cln'OI'ldl:uiocuseil ii'dCLiuil (Iu iJC] pl'()Ll~ill); Lillie J 

dlld II. IlfJLC itdCLiull diLl,~1' iil'sL 1'1111 (2 IJ dlld I).; JIl) PY'O('I:-lil); L<HI(; 

5 ilnd 6: HPLC fract'ion aft.er second run (1..0 and 2.0 jig pY'ilLein); 

Lane i; BioRacl high 010lecular v/c'ight ITldrkcrs (0.:3 PC] protc'in per 

bilnd, "ir'oril top [.0 bottom, o'(jillacl:osida:;(;, .l.3U,()()O; pllOSphoy'yldSC 

13, C;'i,OOO; buvinc SCl'Ulii illbl.llllill, GG,()O(); ovall.lulililJ, !IJ,D(JO):, Lilile 

8, B'joRacllcJVI molecular I.vciCJht lilul'kfC,'; (n,;l JiCj jlrotein pey' band, 

f)'olll top to boLtorn, phospl'ioy'y'lasc Il, 95,000, bovinc senl!:1 anJUllrin, 

66,000; ovalbul.lin, 43,000; cdl'bonic anhydrase, 30,000; o;oybcan 

trYPs'in initibHo'!, ?l,OOO; 'lysozyme, 11!,:;:W), The an'ovlincJ-icates 

thfC position of nJ\O, cOY'Y'espondii'lC) to ~.,C) ,,000, 



i\NSi\RI ET ilL. 

specific ilctiv-ity of the HIIO (Table 1, Fraction OJ, but 

SDS-polyacryl aMide gel el ectropllOretic analys'i s shovJed i nCrl;ased 

concentraUon of the r1AO protein Ulr around 59,000) VJitil elirnina­

'Uon of severa'i other proteins prE-sent in the DEA[-Sephacel frac­

tion (Figure 2, lanes 1 and 2). The loss of activity at this stage 

could be attr'ibuted either to y'emoval of a prote'in or lipid com­

ponent required for HAO activity, or exposure of the ~IAO pY'otein to 

its isoelectric pH, \"Iith partial oenaturation of the enzyme. 

The chrornatofocusing step SJave 0.13% recovery of protein and 

1.9% recovery of f1AO activity. \ie also 'labeled HAO 8 protein in 

the OEAE-Sephacel fraction vlith [3HJ-pargyline, a selective ir­

reversible NAO 8 inhibitor, and fractionated the labeled material 

by chroillatofocusing. The [3 H]-pargyline labeled nAO eluted at pH 

5.3 (Fig. 18), vlith 70% recovery of radioactivity. 

SDS-polyacrylamide gel electrophoresis of either the [3H]-pargyline 

labeled DEAE-Sephacel fraction or the chromatofocused fraction 

resul ted in recovery of the [3 11J in a single protein band cor­

responding to Hr 59,000 (results not shown). Thus, the 

[3H]-pargyline labeling technique provided a convenient way to 

follovi the flurification of 11AO. 

In the next step of purification, an HPLC with an anion ex­

change column (SynChropak AX 300) was employed using a gradient of 

buffered octylglucoside (Fig 3, A and 8). The catalytically active 

MAO or [3H]-pargyline laheled MAO was consistently eluted fron the 

HPLC column in fraction 3~. The electrophoretic flatterns of this 

fraction on SDS-electrophoretic gels showed two major bands with Mr 

59,000 and 28,000 (figure 2; lanes 3 and 4). The 28,000 Mr protein 

ViaS easily re~loved by refloating the IIPtC step (F'igure 7; lanes 5 

and G), This step of purification resulted in a further 3 fold 

increase in specific activity (total purification: 43.2 fo'ld; Table 

1, Fraction E). The final flreparation of purified hAD 8 from human 

platelets is suitahle for production of antibodies and protein 

characterization. 

The extensive purification of MAO B using this procedure 

demonstrates that this purification scheme can he slICcessfully 

a pp 1 i ed to the pu rifi Cd t i on of rnei:lbra ne bou nd prote ins, a lthou gil I'll' 
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Separation of MAO protein from chromatofocused fraction by 

HPLC. The sample (0.5 - 0.7 mg protein) in 10 mM potassium phos 

phate buffer, pH 7.4, was injected on SynChropak AX 300 column (4 x 

300 mm). 

A. Catalytically active chromatofocused fraction: 

Alternate fractions were assayed for MAO activity. 

B. [3H]-pargyline treated chromatofocused fraction: 

10 wl al i quots from the al ternate fracti ons VJere 

mixed vrith 4.0 ml of PCS counting fluid (Amershan 

Corporation) and [3HJ activity determined in Beckman 

LS 8000 scintillation counter. 



los!: crlns"id[~rab"I(! ellzYr:lr" activity c111rinq tlie ChY'OllliltofoclI';iw) step" 

"[n such pllrificiltiofl scl10rnes, octylqlucos"irie y'('orf'sf'n'"s I".\"f' cleiJ'y'~ 

qcnt of ci)()"ice becauso it (!Ol)S not "interfeY'E! \-lith lJ\I df'tcction, it 

i:, c\ 1(' I iii. i ve' I y l1Ii 1 d rldll i 1111 it.: de 1;('r~lcclll penni t L"irlcJ 1".'L(cnl.-i Oil III 

ciltalyl:"ic acUvity, and His easny Y'('I'loved by cI"ialys"is. 
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A1f2cHIGH-PEEFORlIANCE LIQUlD C]lEOMATOCW\rHY 
-"I-PEPTIDE SEFAHA'l'JON OF PROTFTN I OF 
FOUR STEArNS OF NlnSSE!UA (~ONor~PHOEAE 
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Current orldress: Deportment of MjcrobioJo~y 

University of Montana, Missoula, Montana 59812 (406)243-2873 

ABSTRACT 

125 
I-labeled o-ehymotryptie peptide~ of the principal outer 

Plembrane proteins (P. Is) of four stnlins of l:!.,,_isser~3 gon--,,-rrboeae ,vere 
separated and visualized by t,vo-dimensional (2-D) - I-peptide mapping 
and by high--performanee 1 i.quid chromatogr:zghy (HPLC) coupled \-J:lI:1t a 
Beckman Biogamm8 counter. In addition, I-peptide81~~re recovered 
from the HPLC separAtion ar,d re-separated by tllC' 2--D

125
- I--peptide 

mapping system. The results indicated that th(~ 2-D - I-peptide mapping 
procedure 'vas best suited for comparative analyses of a-chymotryptic 
dio;ests Hhereas the IlPLC system, 'vhieh is able to detect Plany more 
pcptides than tbe ~~g syste~, is i12~1]y suited for preparative 
separation of the I-peptides. "I-peptides separated by HPLC could 
he recovered, rerun on the 2-D system, and the location of eRch peptide 
asc2rtained. The coupI~pg of these tHO procedures allows for the 
iso1ati.on of specifi c -_JJ --labeled peptides for further immuf' 0 1 ogic81 
R.nd structural analyses of these outer memhrane proteinr::. 

T:NTHODUCTION 

The technique of 125I_Jabeled peptide mapping has proved to be a 

nsefu:l too:! for eVfduntinp; thc· primary :-;tructllT81 rclntjollDl1·ip~~ of 

proteipp. '1'hc coupling of th:i s procedure \-7i th sodium dc,dccyJ 

sulfate--polyacryl,mide gel electrophoresis (SDS--PAGE) (7), ",hci ell 

provides excellent protf?:iE f~eparation, e:1 nd in-g£:i racliolabe] jng of 

single protein bards (3, 17) has extended the applicability of 

Copyright © 1983 by Marcel Dekker, Inc. () 148-3Y I Yj83j060R- j 4,' I S3_S0jO 
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[lC P 

Tile :-;('!)(j·1 C:i.(Hl u l- "pC'pLldc' j""('.';i.clllC~~ i~·; ;·j("('uwpltn!led by 111gh 

l\ucc1r.nd.i.ogr<:tphy the.n yie;]cJ,c; Cllcif"dctPT"i.LtjC ···peptide pattf'rnf-i ("L~f~", 

t~'.'O ... djTIl~ll~~:ioru-tl [2-·])] 1 :?Sl ··pc'pt-Lde rn;'-lps) ~ By ('nmp:~rinp; thC'se pnl-t-prru·3) 

lind1 rfocentLy, tl1e resoJutinn and reprodllcibility of 2-11 

j L~) !_.pc.pt·.ide ntDppiug have been TEstri ct(cd, due to b;:'ltch v':-lr"i(,-ltioTls in 

~iIJJ<: sllpeti·; and ttH~ diJ f.Lculty of llIHiuta:intng j>1:e.cise temper(,-)"Lnre C':onlrol 

'!"I~E cilillnberf3 vrhjeh Bl8.intn:in precise temperature. control by· :i.mlnt~l·si.ng th(~ 

t11:i...n<·-Ji-i"yel" slH...~et: in a cooling menstruHl suc.b 8.8 Val""snl has greRLly 

jUJJroved both the resolul"joll Cl.nd reproducibility of 2-D 12.·)1~_"peptide 

OIle drcl\vbClc.k of 1-1-11.s s·ystem is the :i.nabi15 Cy t.o 

f"eCOvel· 1IS~tb:J (~ CjU<:l[lt"j tiC's of till:::: sepnl·at(::d J -·-pvp t L(h~s for fu ether 

e}..FerjJtH:~ntc·lr.j un. 

Ilielti[))-<lJlt': proLe111s (I?~ loot:)) oj i our st.I(1in:~; of ~~let~~~r!_"~~ B_?n(~~_~J2~_?_(! (GC). 

'Ille -It"_)\IJt:S ~'"~IJ('\·/ lHJt:ll Pl"OCc:dllj·(~:"":; .),JeJd f.~i.lllL][Jr i...n("orlllaf--i()ll Ii·hout L·he 

rn add:itjon, 
12 

Pr:OL(\Jn~) L-uc J.Ul·ti"J0r jllVl:'~:iL~jgnt:touso 
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i ()\ l;; ! \t (1' l_ ; 

(I J) 0 

SllS··PAGF 

Unr(-~Juce.d lysatc~:; of \"holp C:C 'I;.,1ere separnted by snS·-·PAGE using thp 

d:lsccl11t.tnuoLis sysU'lIl of Laemmli (7) as previously c1""crilwr\ (5). 

The. appropriate Coon1assie-stainec1 P. T bands "id('1~e exc.ised fl1ld 

nldio-ioclinated by the chloramine·-T procedures of Elrler (3) Rnd SHan son 

(12) ~ R8.cljoJodinated protein bands "i,?cre c1:Lgcst(:.'(l Htth O'-·ch'71nntrvTH·;-in in 

125 
0.05 N NH1,HC0

3 
buffer, pH 8.';, and the 'I·~]ahelror1 peptirle.s Hdslwd 

eight rim~s hy dissolving the peptides in 250 ~l in JisLil]0d WJl0Y (5, 

12) dnd drying in a Savant (Savant lnsts., Hicksville, New York) 

Speed-vac. 

"., J) 12)]. . -' . 
L. __ ::J'.eJ?..S""-" ..... Ill.ElJ?.P.l.llii' 

The wAshed 1?5I_peptic1es from each P.I Here rehydrated at 105 

counls per minute (CPN) per ~] in r1istilled water contnining 1 mg/ml 

p(1el1 of l,··1.('>uc.i.nc 9 L···8spArtat-p, End T,-tyrosine as mar1<:.ers. 

J25I_pRptides recovered from the HPLC separation of the JSl P.I (sec 

helow) were dried in a Speed-Vec and washed ei~ht times in distilled 

containing the. Hhove andno 8cjd markers. 

HeTe spotted onto a Polygram Cel 300, 20 x 20 em thin-18yer shpet 

(BrinklllA.nn [nstrurnent.s ~ Her;tbllry ~ N" Y .) . 

Cl!1 from the ~Jnocal edge of thl' sheet dnd 1 em, 7. 5 cm~ ,::nd 1 I!, ~ em frnTI1 



J Ulll) 

thp !=i'i d0 () f~ thf' ;-;hc:(~t, 'ld0YP. run on e(Jch .sheet:. 

-peptide preparation recovered from the HPLC separation of the JSl 

PI I·ley" spotted either (,.') em or ]1.5 em from the anodal eelg" of the 

sheet and 1 C1Il 9 J.:; em, and J.l.r.S em frOT!l the side of the sheet. Six 

prepnral :lOllS could thus he run on each sheet (n pClttern simjJal" to that 

Hcen on a playing card having six spots, viewed side-on [Hoylel). 

Each thin-layer sheet waS eleetrophnresed at 8 constant 1200 V for 

30.5 min in " Savant TLE 20 (Savant Instruments, Inc.) apparatus, which 

jPlmerses the sheet in Varsol during el(Octrophoresis. A Forma Scientific 

2095 bath and circulator (Forma Scientific, Marietta, Ohio) maintained a 

constant 8.5°C circulating coolant Hhjcll held the Varsol menstrum at a 

constant 13.SoC throughout the run. Auxiliary cooljng coils, fashioned 

by the Rocky Mountain J.aboratories staff, were inserted horizontally, 

"bout 1 em beloH the surface of the Varsol. These coils were mandatory 

for precise temperature control. The electrophoresis huffer Has a pH 

3.7 solution of Hater-acetic acid-pyridine (200:10:1, v:v:v). Follol,ing 

electrophoresis, the plate w~s removed, air dried, and cut in thirds 

longitudinally, EO that eAch piece contained either one preparation, if 

three were added to the sheet, or two preparations, if six 125J_peptides 

recovere~ from the HPLC separation Here added to each sheet. Each piece 

\Vi,S turned 90°C and suhjected to ascending TLC in a solution of 

n-butanol-pyridine-water-acetic acid (J3:10:8:2, v:v:v:v). A moat Has 

scored 2 mill from the top of eBch piece of thin--"J ayer sheet prior to TLC 

separation. \·Jhen the solvent front reBched the moat, the sheets Ivere 

removed, air dried, and sprayed Hith 0.25% ninhydrin in acetone to 

locate the anlino acid markprs. 12Sr_peptides were visualized hy plBcing 

the thin-layer sheets on Kodak XAR-S film and exposing for 18 h at -76°C 

using Cronex Par-Speed (E. I. dupont de Nemours and Co., Wilmington, 
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Delaware) inLensifyillg sc)"eens. Origins on the ?-D maps of 

125T_pepti,1es recovered from the HPLC were marked Fith 1--5 x 103 CPM of 

125 1 for reference. 

HPLC. 

All HPLC separations were performed on a Waters System (Waters 

Associates, Inc., Milford, Massachusetts), equipped with dual M 6000A 

pumps, systcro cOlltrolJ er, data module, 440 UV detector, and a IHSP 710 

sample injector. A Waters U Bondapak CIS reverse-phase column (3.9 rom 

ID x 30 cm) was used to separate the 125I_peptides. 

Approximately 2.1 x 105 CPN of each of the P.Ts 125I_pepti.de 

preparations were dissolved in 210 ul of distilled Fater-0.05 

trifluoroacetic acid (TFA) Aldrich Chemical Co., Inc., Milwaukee, 

Wisconsin) containing 0.3 mg/ml each of L-tyrosine, L-tryptophan, and 

L-phenylalanine (Sigma Chemical Co., St. Louis, Missouri) as markers. 

Two hundred microliters of this solution ,'laS injected by the IHSP 710 

injector at time O. The dual pump system, with pump A delivering 

filtered, distilled water-0.05% TFA and pump B delivering acetonitrile 

(reagent grade, Sigma)-0.05% TFA, then delivered 1 ml/min of a 0 to 8% 

acetonitrile-O.05% TFA linear gradient (06 gradient program) in the 

first 10 min. From 10 to 55 min, an 8 to 72% acetonitrile-0.05% TFA 

elution gradient, using the 09 gradient program, was ?enerAted followed 

by a 5-min period of 72X acetonitrile-0.05% TFA (60 min total separAtion 

time). Many different gradient profiles were t~sted; this profile was 

chosen as being representative of type of f3eparation Hhich can be 

obtained using these procedures. 

At the time of injection, an LK13 7000 UJtrorac (LKB Instruments, 

SHed en) Has started. Three hundred 2/10-min fractions were collected in 

Biovials (Beckman Instruments Inc., Palo Alto, Califonl;'a). Each 



Tllj.ce the background (100 CPM) 'vas subtracted from the CPN of ('ilcb 

fr3ction. The CPM of each fract:ioll 'h7as then p:lotted Ver~31JP, ret2nt~jnll 

Ljrn(~ (RT) {If, dCl"iv(.:;d from i~he [raet_Lon number. The e:Jution of the CImino 

12 could be df'tcected by the 4Lf() UV detector. A model 4'i() 

detector was unahle to detect 12SI_peptidic peaks at 210 nm but was able 

to very Ileakly respond to autodigestion products of a-chymotrypsin at 

heginning concentrations of 200 Vg. 

RESULTS 

The P.ls of the four strains of GC used in tbis study are seen in 

the Cooma ssi e--stained SDS--PAGF: gel s],mm in Fig. 1. TJlcse hAnds were 

excised, radioiodinated, and digested with a-chymotrypsin. The results 

of 2-D l2ST_peptide mapping of these preparations are displayed in Fig. 

2. Previous studies using this technique (5, 6, 12) have indicated that 

the .lSl and JS2 P.Ts are members of one "homology" group, ",hereas the 

.lSJ and JS4 P.Te are in a second group. These relationshi.ps are seen in 

the 2-D 125I_peptide maps (Fig. 2). nowev~r, th~ bnproved resolution 

provided hy the teclrnique describ~d here shows a great~r heterogeneity 

aJ1lflllg these protei_ns tll"n has been previously demonstrated by 2-·D 

mapping. 

The same prpparatiol1s and the same number of ePN u.sf.~cl to geneTate 

tide maps seen in Pig. 2 were subjected to HPLC 

separation. The resu]l.s of this procedure are seen in Fig. 3, whicb 

8hm.78 the plots of the CPH verf'llS R'1' (fraction number) of the 

125I __ peptideH of the four P.I molecules lJncier study. The gradi.ent 

profile is an approximate representation of the 09 gradient program used 

to elute the pepLldes from the V ))ond2pak C
18 

cOlumn. The RTs of the 

amino acid markers, as calculated by the data modlile from UV adsorl,ence 
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FIG. 1. Coomassie-"stained SDS--PAGE gel of unreduced lys<1tes of G(, 
strains i~~' JS2, JS3, an~ JS4. ~.J band~ (asterisks) were excised and 
used in I-labeled peptlde mapplng stud'CR. 

peaks, were 8.50 miT' (tyrosine), 9.65 (phenylalanine), and 13.90 

(tryptophan) witb no more than 5/100 min variation in all four runs for 

Any mal:ker. 

The most striking feature of these nepaTat:lOnS is the ]arge number 

of radioemitting fractions. Comparative interpretation is difficult due 

to the numerous small peaks 'which C2n be reso]vcd by this very scnsittvc: 

method. The JSl and JS2 P.ls appear to be slightl,y more similar Lo one 

another than they are to the JSJ or JS4 P.ls, and vice versa, 



JI,28 

JS 1 P. i 

JS3 P.I 

• • • 
JS2 P.I 

" 

FTC:. 2. 2-D 125I._Jabeled peptide maps of a-chymotrypsin digested P.ls 
from GC strains JSl, JS2, JS3, Rnd JS4. White circle mRrks the origin. 
DirectIon of 'fLE and TLC i.s as shOlm In Fig. 5. 
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FIG. 3. HPLC prof:iJ.es of a-chymotryptic 125r_labeled pepUdes from P.1s 
of strains JSl, J52, JS3, a~d JS4. Fractions of the JSl 1'.1, designated 
by numbI2f'ci bars 0""1' the JSl 1'.1 profile, were pooled for reseparation 
by ?-p ~T-1Rbplpd peptid0 mapping. Y (tyrosine), F (phe~yJR1Anine), 
and W (tryptophan) designate amino acid markers RTs. 

pal"tic:ularly in the 38·· to 4!,"m:in region. Cl.early, aLI th" P.ls sharp 

Hevera1. heav:lJ)' emitting peaks having the same R'l'. Each 81.S0 has '1 few 

ntrongly er-d.tting and mAny \"Pakly cn:i tting peaks Hhi.ch are unique~ 

Complete Reparation (1f t.he pep tides has not heen accompli8hed using 

these elution pRrameters. Longer separation times and/or 

r"chromatoHraphy of port.ions of these gradients 11sing different 
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parameters can ei::-1r;ily separate. any pept.ide of interest. By altt.:ri_ug the 

grAdient prof:LJes 9 the separEltioll of peptidE'!R i.n any given region can be 

expanded; unfortlJDntely, other regions ~rQ concomi.tantly compressed 

(date l. not sho\,,'[] UJHl 10). The pt"Opj lcs ,<-illO\'Jrl here H \'(~ pl·e0enl(~d (1::; 

representative separations of 125T_peptides of these proteins. 

Fractions of the JSI P.I HPLC separation, designated by numbered 

bars, were pool.ed, dried, washed, and subjected to 2-D 125I_peptide 

mapping. [Note: all the fractions of one HPLC separation of the JSI P.I 

were pooled, dried, washed, and subjected Lo 2-D mapping. All the 

peptides seen in the JSI P.T 2-D map (Fig. 2 & 5) were recovered (data 

not shm.m) 1. The results of these experiments art' shm,n iT' Fig. 4. The 

numher in the upper left of each 1251_peptide map in this figure 

corresponds to the pooled fractions designated in Fig. 3. Every effort 

was made to quantitatively recover these peptides (only 10 Lo 15% of the 

original radioactivity was lost during handling). The relative 

intensities of the various peptides agree well with the height of the 

HPLC peaks from ",hich they Here recovered. The exc:epti on oc.curs ,,,ith 

Peak I, "here R very lRrge IlPLC peak yi"lded t,·JO mode1:Rtely emitting 

peptides (#1, Fig. 4), It appears that much of the materiRl eluting 

'vith the IIPLC solvent front migrates off the thin--layer sheet tovlBrd.s 

the anode since the anodal buffer became radioactive following the TLE 

"epara Lion. TId,; sugges ts tha l this peak repn'senls unbound 1251 . 

It is c.lear from thjs figure that the HPLC separated 1?51-peptides 

can be recovered and returned to the 2-D 1751_peptide mapping system for 

identification. The number of pep tides recovered from each lJPLC peRk is 

consistent Hith the profile of the peak, e.g., Peak #10 is very broad, 

suggesting several peptides might be present, ond this is confirmed in 

Fig. I" !flO, ,·,here four peptides are seen, etc. 1\180, all the P.ls have 



d""jjncu,t peak "Ln the 112 poolE'd h:act::inns (Fig. 3). The 2-·f) map "f thi s 

D llWP" 0 f aJ 1 the l'. Is. This suggests LllaL pr:nks having the SelIne HT 

and radioact:Lvity in thp vArious PJ sep~rntjons contain the same 

pept:ldes. 

The isolated peptides in Fig. 4 recovered from the peaks in Fig. J 

"re identifLecI by number on a 2-D J?~l-peptide map of the JSl P.I in 

Fie. 5. Note: due to cIifferelJres tn the positions that each 

preparation was spotted onto the thin-layer sheets and differences in 

tile hatches of sheets llsed j.n 1:he 2-D separation, tIle peptides seen i.n 

Fig. 4 cannot be directly related to the 2-D 125I_pepttde map of the JSl 

r.I in Fig. 2 aod 5). The locations of these pept:ldes ",ere estah] ished 

by comparinr; the pept1des with 2-D 125:r .. peptic1e maps of the JSl P.T 

",hicl! ,",,,re run on the same batch of thin-laver sheet.s in tbe same 

POs"U-j0n all the, f'hect and whose <'lInino acid markers migrated to tbe same 

Location (data not shown), If js characteristic of thp TLE separation 

that samples pJac0d near tIle anode migrate considerabJy further than 

identical samp L"" run near the cel1t"r of the sheet, as th" .IS J P. I 

]7Cil_peptide.s "Frere in Fig_ .2 and 50 Tlds is evident: jn 117 of Fig. 4, 

PLcpari-ll COllS 

r(~producib 1e. 

A rcrrarluJ1)]" number of pepl ides from all regions of the HPLC 

8"parat100 fall in the central region of the 2-D J251_pept1de map. 

Stlggesting many pep tides are present ill this areA bllt are not (\3sily 
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fIG. 5. 2-D <Jl-labeled peptide map of a-chymotrypsin digested JSl 
P.I. Numbers identify location of isolated peptides (Fig. 4) recovered 
from HPLC separation (Fig. 3). See text for explanation of how 
locations 'vere identified. Hh1te circle marks the origin. TLE, 
thin--l::lyer electrophores:ls; and TLC, th"in-layer chromatogrAphy. 

visualized. Several other 2-D 125Y_peptides also appear to have 

multiple corr~onents that are not seen due to overlapping. This, and the 

demonstration that 12SI_peptides from adjacent peaks (e.g., #2, #3, Fig. 

3 and 4) can behave very differently in 2-D mapping, verifies that the 

HPLC and 2-D l2SI_peptide mapping procedures separate on different 
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physiud par"lfleters (8). It is not pos"i1>1e to accurately predjct \,)WL"e 

;:1 pepttde ~,;r~Cll clute in thc:~ HPLC proftJe based on Llr; llligrclt:toll in a 2-D 

map and vice. versa. 

DISCTJSSION 

In this study, two techniques of 12SI_peptide separation were 

compared. The P.ls of GC strains JS1, JS2, JS3, and JS4 were chosen rllr 

investigation because they have been well characterized by 2-D 

125I_peptide mapping (5, 6, 12). Both the 2-D 125r_peptide mapping 

system and the HPLC separaUons gave similar informRtion about the 

structural relationships of these proteins. However, due to the 

limitations 2nd advantages of each technique, it appears that the two 

systems find their best use when used in tander.l. 

The 2-D 125r_peptide mapping procedure for separation and 

visualization of a-chymotryptic digests has several advantages over the 

j-jPLC system that DlClke it the preferable method for comparative analyses. 

Forty or more jndividual 125I_peptide mAps can be generated daily, 

allowing for multiple repeat runs of each preparation. With the 

improved cooling system described here and if strict attention is paid 

to pre<:ision, the 2-D system becomes hieh1y reproducible and provides 

good resolution of the 125I_laheled peptides. 

Comparison of the 2-D system with the HPLC separAtions shows that 

the HPLC-Biog2TI1JIlB counter system is much more Bensittve~ detecting many 

very w0akly emitting pepttdes~ perhAps reprpscnting il1completc cleavage 

products and/or mono- versus diiodinated individual peptides (9). 

1'lha tever the reason for so many small peaks 9 this extensive "noise" 

makes comparative ana.lysis of o,-chymotryptic digests, on a fi.ne scale, 

difficult. We are in the proccss of comparing 2-D maps with HPLC 

pref:iles of both gonococcal and chlamydial proteins digested ",ith 
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PreJ iminclry reSll I i:F indirfltp r-hnt V-·g 

':()11'1'l1rab1" by IJPLC. 

EtC., ill the elution huffers ("speCially the a('etonitr:ile) ",hich can 

result in very Jifferent elution proEil , eveD ave}" il period of H fc'w 

hours (unpublished observation and 10). This makes it difficult to run 

more than a few comparAtive separations at one time. 

The demonstration that 125J_.peptides can be recovered from the HPLC 

separa tion, subj ee ted to the 2-D 125I __ peptide mappi.ng system, and their 

locations ascertained, indicates thE HPLC is ideally suited for the 

125 
preparative recovery of I-labeled peptides for use in further 

analyses. In addition, the lIPLC sepl1ration :indicates sEvel"tll of tll<> 

125r_peptides visualized by 2-D mRpping may actually be multiple 

peptidic residllPs Hhich, due to their proximity, are diffi('ult tl' 

resolve in the 2-D system, shoHing that the HPLC separation ('oupled ",ith 

the 2-D analysis can be used to dissect the heavily emitting regions 

seen in the 2-D 125I_peptide maps. 

In previous studies I demonstraterl that surface·-exposed l)Ortions of 

gonOCOCCAl nutpr memhrane proteins 1 and fTl (6) rould he identified and 

C()l!lpa~cd Gy 2- D nlDpping. Li.L. (15)~ dull ~;,;tndI3L1.0llt 

(personAl COTlllllUnication ancl l'lS submitted) has demol1Gtrated that the 

differences ohr;erved by surface--m(]pping of P. Is cOTre.1atc eX<:lctly \"ith 

their P.l serotyping scheme (i.e. JSl Bnd JS2 being Wll and JS3 ancl JS4 

being WI - sep rpferences 6 and 15) using monoclonal reagents. In 

addition, SHanson, et al. (J4) has confirmed that P.JJls from all 

strains studied react identically Hith monoclonal antibody, confirming 

predictions based on the identical sllrfa('e-peptide maps of P.llls. The 



tfl f~lIYfn(~c pcpt-ic1c fl)<1pp:illP, or l~bl[jl1lyelL.lJ 

major outer me_mlyrane prot.einE (J) HsLng po.Lyclonal nnt:isera and 

t:oni"i:tlllS that surl:ace'-pt::pcides repre:-=;el1i: imnlUTlnreHct:ive: Sit(~f3 of native 

it will noW he possilJle to not only identify and compare 

sur'face-peptides, Imt to physi(,Any iscd"te these peptides for furth2r 

immunogcn"ic--antigcnic studte..c:'~ 

l~e coupling these techniques, then, provid2R a tool for acquiring 

defined pep tides for use in antigenic, sequencing, or topographical 

studies of membrane proteins (15). The HPLC may also be helpful in 

comparing (and Identifying) surface-labeled 
] 7 s 

-l-pcptides with 

chloramine--T' iodinated peptides. There has been severa] reports of 

difficulty in relating surface peptides with chlorami~e-T peptides (1, 

4, 6), possibly duc to the greatly differing relative intensities of 

labeling by these procedures (1, 6). The sensitivity (,f the HPLC system 

described here. lnay help renoJv0 this problenL The HPLC may a,lso be of 

value in con~aring the a-chymotryptic peptides of 125I_Jabelerl proteins 

with peptides of :Lntr'in,dcally 14C-,labeled proteins, \"hich Rye not 

(efficiently visns:ii7.ed by 2--ll peptide mapping (unpUblished obsf?rvation), 

In order to estubltsh :Lf the l?~I-laheltng truly reflects the total 

py.:imat~y strnc(-ure ()f th(~se prnteins. 
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ABSTRACT 

Fractionation of amino acid specific tRNAs by descending sCli t. gl-adient on 
a reversed-phase high--performHl1Ce liquid chromatography column is 
demonstrated. Stationary phase variables such as n'''alkyl chain length and 
silica type are dL-;eus,,(:,J in tenllS of stahi lity and seLectivity. HoGj l.e phase 
parameters including salt. concentration, organic modifier) pH., and temperature 
are investigated. The concentration of orgaIlic modifier to adjllst elution 
profiles can be critical in terms of tRNA retention. 

lNTRODUCT LON 

Fraccionar-ion oC tRNA.s 11;:38 been inVf~stigated by many laborato['ies, The 

earliesl method devised \"'a8 liquid"l.iquid count:ercurrent di,sLl'ibution (1). 

Later, etl[Onldtography materials suell as tlydroxyaI)atite (2), DEAE-SepharlRx 

(3)[+), mc:~t:hylat:ed albumill on k1'~sC'lguhr (MAK) (1»> <lot! b(::\nzoylntecl 

n fi;P, r> c (~l t t1 I o,~ e (B D--c e 1 ] 11 J 0:-' I.:) (fl) ':J (' r (. 

higher rr>solu!-ion of (;\igo" and p(llynuclt'r.)t:idp~; h 
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revelSt..:J plu-lse cbrulfIaLugt"aplty (n.PC~5) adSOlbant,j (7») based 011 

poLyc:hlorotritluol~o'-ethyjenc beads (Plascoll 2300) coaled with a 

triatkyLquaten1ury cunine (Adogen Ll-6 Lf») and 2) Sepharose 4B beads (2,8,9)} 

\'lllLCh arc: carbohydrdtc polymers. Elutiun [r.om both coLumns uli"Lizes suLt 

gradients, ascending [01- RPC--5 dnc\ descending for Sephal~o:,)e LfB. Nost 

inten2stingly, the common denomi.nator oE selectivity in both systems invoLves 

atl iOllically facilitated Ilydrophobic interaction. Narihara et a1 (10) have 

adapted a trialkylamine coating onto silica instead at Piaseon beads via a 

silicone oil. interface. The system all.owed increased [10\0] rates \vhi le 

retaining the selectivity of RPC-5 type snpports. 

This paper reports an increased flow rate system utilizing higll-perform­

ance liquid chromatography (HPLC)l columns. The concept used [or fraction-

ation is a hybrid based on siliceous support Inaterials with reversed-phase 

character (7) and a mobile phase similar to that used fo[" Sepharose 4B chroma-­

tog> apily (2). 

Reversed phase Liquid chromatography (RPLC) has been extensivley used 1n 

tlle life sciences because many biological ~olecules are at least sliglltly 

hydrophobic. To accomplish elution of hydrophobic species trom RPLC columns 

it is common practice to use increasing concentrations of organic solvent. 

This technique \Yorks well with ~mall mo lecul.es but has a disadvantage \vith 

proteins and poLYTltJt:leotide,';: ofg<1nic solvf.~nts in great0r thnl.1 3-10% 

cOllcl..:nLt'i.lLLOll lll<ly ~llt:er or ,Je~:;Lll}Y ,;c'!cond;lfY, L('l~tiary and qnaternary 

structure at biopolymers (1J). The generai structure of tRNA species is 

maintained through base pairing and a variety of stacking intel-actions that 

stabilize its Lertiary structure (12). 

The Liter<:iture cited above \olould suggest that a very weakly hydrophobic 

high--performtillce column Sllould all.ow tIle COlltrol o( tRNA retention witl) 

descending salt gradients and Little or no orga[lic solvent. It I.>las the 

objective oC this r-esearch to: 1) inentify HPLC bonded phases that allo\.] 

retention of r.RNA when high Si'llt concentration is used in the aqueous mobile 
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ph.:J.t;C, then retease tRNA \'lIH~n the s::lll- concentrati.on is reollcE~o; 7.) optimize 

the mobile phase in terms of resoJ.ution dnd selectivity; and 3) select the 

best silica matrix for the optimal mobile phase/bonded phase system. The 

meLhod devctoped cunsists of ,\ descendinE sat'( gradi(~nt on ,1 revcr-sed -phase 

col umn (DSG~RP). Fract "lonat ions of various tRNA isoacceptor species have been 

achieved In atl llour or less. 

DSG~RP was used to fractionate both yeast and!. coli tRNA mixtures. 

Alkylsilane bonded phases of the Cl' C2' and C4 type all worked well on 

macroporous) microparticulate siLica to effect tRNA separations. A very low 

concentration of organic modifier such as propanol, ethanol, or methanol was 

found to enhance the fractionation process. Other variables such as initial 

salt concentration, temperature, and pH also affected DSG-RP selectivity. 

MATERIALS AND METHODS 

Hypersil (5\lm) was purchased from Shandon Southern Instruments 

(Sewickley, PA). Vydac TP (5\lm) was obtained from Tbe Separations Group 

(Hesperia, CAl. LiChrospber Si 500 (10\lm) was purchased from E. Merck 

(Darmstadt, \'Jest Germany). n-Alkylchlot:"osilanes \.,el-e purchased from Petr-arch 

Systems (Levittown, PAl. I-Propanol was obtained from Burdick and Jackson 

Laboratories (Muskegon, MI). 2-Propanol was purchased from Fisher Scientific 

Company (fair Lawn, NJ). Methanol was obtained from J. T. Baker Chemical 

Company (Phillipsburg, NJ). All solvents were HPLC grade. Absolute ethyL 

alcohol was purchased from U. S. Industrial Chemicals Company (New YOl-k, NY). 

Transfer ribonucleic acid (tRNA) No. R--9001 Type X from baker's ye!lst with 

amino acid acceptor activity for glutamic acid, phenylalanine, valine, and 

alanine was purchased from Sigma Chemical Company (St. Louis, MO). tRNA from 

Escherichia coli MRE 600 (RNase negative) specific fot- phenylalanine (CAT. No. 

109 673), vaLine (CAT. NO. 109 720) and a mixture (CAT. No. 109 517) of 

lysine, phenylalanine} serine, and valine activity was purchased from 

Boehringer Hannheim Biochemicals (lnd ianapo 1 is} iN). 
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ll-Alkylatioll of silicas via silylatioll was actlieved by metllods analogous 

to those previously reported (l3, Jf+). 

Supports were slurry packed (2% w/v) into coLumns wilh l--propanol at 8000 

psi by means of a pneumatic pump, (Haskel, Burbank, CA). LiChrospher Si 500 

was packed at 4000 psi (10). All columns were 0.41 x 5.0 cm LiChroma 

stain.less'-steel precision tubing (Anspec Co., Inc., \varrenvi lie, I.11) \.,ith 

2.0 wm frits. A precolumn (0.41 x 4.5 em) was fitted to the slurry vessel and 

connected to the analytical column to channel microparticulate silica into the 

column during the packing process. Allovled packing time WdS ca. 10 min. 

Analyses by HPLC were done using a Varian Vista System (Varian 

Associates, lvalnut Creek, CA). The system was fitted with a Valco model 9080 

sample injector (Anspec Company, Inc., Warrenville, IL) \"ith a l00l11 injection 

loop. 

Hobile Phase Condit_i.ons -----------------

A bincu-y gladient sysLem was used tor· all tRNA separations. Buffer. A 

conLctlned ammonium sulfate and O.2H potassium phosphate. Buffer B \-I<-1S O.2N 

potassium phosphate. Initiat anunonium sulEate concentrations) amount. and type 

of organic modifier, temperattu-c-;, and pH varied and are described ill the tf~Xt.. 

GrAdients were from 0 to 100% buffer B in 40 or 80 min. aftel- ~lich lOO%n was 

Jett rUllniIlg isocralicalLy until solute elution was complete. 

Fresh tRNA samples of about 2pg/~1 concentration were prepared every 2-3 

wceku using buffer A as diluent. it was found that stightly better resolution 
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WdS achieved when tRNAs \>Iet~e prepared, stored, and injected in. solut ions not 

containitlg orgaTlic modifiers. 

_l~~ _~o .Y_~y_~J?~ ~ t:: ~~~j:~_l a L ~~_<::_l~, 

The tRNA profil.e in Fig. Ga Ivas collected. A blank gl-adicnt was then 

collected [or a bRckgr-ound absorbance zero. The amount of tRNA injected ont.o 

the column in Pig. 5a was directly added to the collected blank gl-adient and a 

comparison was made. Recovery is reported as relative absorbance. 

RESULTS AND DISCUSSION 

Spencer (2,8) has shown that Sepharose I,B can be used for descending 

ammonium sulphate gradient elutions of tRNAs. The mechanism of retention is 

thought to be two-fold. First, the high ionic strength of the initial buffer 

induced 'Iinterfacial precipitation" of tRNAs, which could then be released as 

the salt concentration was reduced. Second, solubilized tRNAs experienced an 

lIadsorptive retardation" through hydrophobic interactions with the stationary 

phase as they were eluted from columns. Manipulation of the latter mechanism 

has been shown to be more impoctant for tRNA fractionation (8). The present 

study investigates this retention and elutioll protocal witil regard to the 

design of a silica-based HPLC column. 

!?_~~~ i~ ~~!".Y~Y.b~_s~_ 

Since Spencer found that relatively hydrophilic Sepharose 48 (a polymer 

of alternating D-galactose and anhydrogalactose residues) was sufficiently 

lipophilic for descending salt gradient chromatography of tRNAs, it was 

concluded that a short alkyl ligand attachment to silica would provide an 

optimal HPLC material. Short chain length supports have already seen some 

utility in the separatiou of biopolymers (15,16). The C8 and Cl8 (ODS) 

ligands are used most often) but recent reports (16) have illdicated low 

recoveries for some large solutes ()40,000 daltons) such as proteins. It has 



PEARSON, HITCHELL, AND REGNIER 

,----------,-------------,,--------, 

<j­
LO 

0.08 

0.06 -

«N 0.04 

0.02 

o 

10 

r I 
i\ rl\j 

---~ J V 
----------

20 30 
TIME (minutes) 

1\ n 

\ 1\ 

V \J\ " 
VI (\ ~\ 1\ 

\) \ 
40 

FIGURE I Fractionation of yeast tRNA on a reversed-phase column (0.41 x 5cm) 

packed with TMCS coated Vydac (5~) silica. Buffer A, 2.0M ammonium 

sulfate and 0.2M potassinm phosphate pH 7, Buffer B, 0.21-1 potassium 

phosphate pH 7. Gradient was 0-100% buffer B in 40 min. then 100% B 

for an addilional 15 mins. Flow, 0.7 rul/min; sample, 50~g ill lOO~l 

buffer A; temperature, ambient. 

been demonstrated that protein loadability (17), recovery (16), and resolution 

(17) could be increased by employing shorter n-alkyl ligands. Another 

advantage, relative to longer chains, is higher efficiency due to better mass 

transfer (18). therefore, a trimetllylsilylated silica support was prepared 

for these studies. Fig. SllOWS an elution profile of a yeast tRNA mixture 

high in glutamic acid, phenylalanine, valine, arIel alanine acceptor activity. 

tRNAs did not elute until near the end of the 40 min. gradient, which 

indicated strong retardation forces were still apparent. In an effort to 

negate the interfacial precipitation contribution to the retention mechanism 

(2) the column temperature was increased to 55°C-- just below the 50-90°C 

transition range of tRNA melting (19). tRNAs eluted during the 1.0 min. 

descending gradiellt but the useful lifetime of trimethylchlorosilane (TMCS) 

bonded phase was approximately 2 hrs. at tllis temperature. A polymeric Cl 
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FIGURE 2 Effect of temperature on retention. Same conditions in Fig. 

except packing was polymeric C1 coated and loading was 200~g tENA. 

coating proved to be more temperature stahle. As stlown in fig. 2 the yeast 

tRNA profile eluted about 3 min. earliel- at 5S"C as opposed to room 

tempel-ature. This polymeric Cl column reproduced four 55°C gradient elution 

profiles prior to tile 24°C run in Fig. 2h. Polymeric Cl COLUmJ1S could lle 

run for about ten gradients under conditiollS of Fig. 2a before tllermal 

exposure erroded the bonded phase and diminislled resolutioll. Polymeric C2 

and CL~ coatings were much more stable at 55°C and \.,ere employed for the 

remainder of the study. The C4 column was used for approximately 45 

gradients, 20 of \oJhich were at 55°C. At room temperature, short n-alkyl chain 

columns have reportedly lasted over 200 hrs. (16). 
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FlGURE 3 Fractioo of yeast tRNA on a poLymeric C2 coated packing. Elution 

conditions as in Fig. 1 except temperature was 55°C. 

t·lobi 1 e Phase -------
Jdenti[ication and manipulatioll of adsorptive retardation contributions 

on agarose media have been done by pH, temperalure, colunm dimension and 

gl~adient slope variations (2,8). ~oJe have found that another parameter- ~ 

additioll of small amounts of alcohol to the mobile phase, can alter 

seJectivity ill tRNA [rRctiollaliolls (compare Fig 3 witll Figs. 48 dlld 41,). 

tnterpstingly> the less hydrophohic j-RNAs hdve :1 mClt-[(C'd difference J_n 

fractionation patLen) ciependjng upon \'lhf.~th~r l% l- or 2-propnnol is useel, 

aLthough there seems to he no selective difference for the more hydrophobic 

tRNAs el.uted in the Last third of: the gradient profiles (Figs. l-t.a and 4b). In 

gcneyal., peaks el.uted faster using I-propanol as opposed to 2-propanot. This 

same effect has bE~en noted in reversed-phase peptide separations (20). In 

that type of system protein adsorption-desorption is thought to be a result of 
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FIGURE 4 Beneficial effect of organic modifier on tRNA retention and 

resolution. ConditioT1S as in Fig. 3 except 1% propallol was added to 

both buffers. A, i-propanol; B, 2-propanol. 

multisite binding aud release mediated by a critical conceutlation of organic 

modifier (14,21). The effect an organic modifier has on DSG MRP c.t1romaluglaphy 

may be somewhat analogous in that only a small amount of pl"opallol in Lb.e 

mobile phase can C.ause drastic l~eductions in tRNA retention limes. Under 

conditiollS of higller initial salt concentration, addition of 1% (v/v) 

2-'propanoJ to the mobile phase for fractionation of tRNAs gave excellent 

results, whereas addition of 2.5% resulted in non-retention of atl species 

(Tahle 1). The same type of phenomenon was observed "itl> ethanol and 
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Hethanol 
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TABL": l 

El£ecl of Organic ~lodifi.er on Retentioll 

Pel-cent Modifier in Mobile Phased 

Optimal tRNA Profile 

1% 

2 

5 

No tRNA Retention 

2.5% 

8 

aAll elution profiles are E. col i tRNA 011 a C2 column at 55°C and salt 

gradient conditions as in Fig. 4a. 

methanol. The data in Table 1 imply there is a narrow concentration range 

where organic modifiers may enhance resolution, with an upper threshold which, 

when surpassed, results in a sharp reduction of tRNA adsorptive retardation. 

It is apparent from tIle above examples tllat increased initial salt 

cOIlcentration in DSG-RP raises tile critical concentration of orgallic 

modifier. 

Au ol.ganic Illocii[iel gradient was invesLigated next. An ascending 

:i-propanol gradient (0-2%) run concommitantly with the 2.0H (NH4)2S04 

descellding salt gradient in Fig. 5a could fractiollate E. coli tRNA into 12 

peaks (chromatogram not 8ho\']11), but with a constant 0.5% 2-propanol 

conceillratioll during the descending sal_t gradient, about 20 peaks were present 

(Fig. 5a). It was apparent that the use of organic modifiers worked better 10 

an equilibrium ratller than dynamic process. Therefore the investigation 

continued utilizing constant organic modifier concentrations during 

gr adient s . 

Descending saIL gradient chromatography of tRNAs on Sepharose 4B requires 

a high ammonium sulfate concentration (> 2.0N) to initiate interfacial 
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FIGURE 5 Fractionation of E. coli tRNA on a polymeric C4 coated column. 

Same elution conditiollS as in Fig. I, loads were 186ug, and pH 

varied. A: pH 7.05. B: pH 5.1. 

precipitation and a long column bed (> 15cm) to facilitate absorptive 

retardation (2,8). 150mg tRNA loads typically require 50-100 hrs for elution. 

Comparable resolution of tRNAs by DSG-RP can be achieved in about 1 hr. at 

lower salt concentration (2.0M) on a Scm analytical column. 

Tbe elution profiles of .!':. coli tRNA in Figs. 6a-e illustrate LhaL after 

a descendillg salt gLadicut tlas beell run, organic modifier addiLions call Lllell 

be used Lo adjust elution limes. It. was found for both yeast and~. coli 

tRNA that resolution at neutral pH was superior to slightly acidic conditions 

(Fig. 5). Retention times for relatively hydrophobic tRNAs did not vary with 

pH whereas less hydrophobic tRNAs eluted faster at pH 5.1. 

The !. coli tRNA sample used in this study was a heterogeneous mixture of 

isoacceptors specific for lysine, phenylalanine, serine and valine (Fig. 7a). 
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FiGURE 6 Effects of initial salt concentration and % organic modifier on tRNA 

retentions. 0.41 x 5.0cm polymeric C2 column. Buffer A, ammonium 

sulfate and 0.2~1 potassium phosphate pH 7: Buffer B, 0.2H potassium 

phosphate pH 7. Gradient was 0-100% buffer B in 80 min. then 100% 

for an additional 20 min. Flow, O.7ml/min; temperature, 55°C; 

injections, 100~1 of 180-230~g E:.. coli tRNA in buffer A. Initial 

concentration of ammonium sulfate in buffer A and % 2-propanol 

maintained during the salt gradient: A, 1.5M, no propanol; B, 1.5M, 

0.25%; C, 1.5N, 0.5%; D, 2.0N, no propanol; E, 2.0N, 1%. 
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Conditions as in Fig. 6D but with 0.75% 2-propanol added to buffers. 

A: l80~g tRNA. B: 180~g tRNA plus addition of conunerciaLLy pUl'i£ied 

tRNAval. and tRNAphe ' 

Phenylalanine specific isoacceptors would be predicted Lo eluLe lalc ill LllC 

profile because of their known llydrophobic characLcL on classical 

reversed-phase supports (22,23), while the relatively less hydrophobic 

tRNAval should elute early (22,23). Chromatography of commercially 

purified tRNAphe isoacceptors was shown to elute two peaks (60 and 62 

min.) late in the gradient, characteristic of relatively hydrophobic species, 

\vhiLe commerc.ially purified tRNAva1 isoacceptors were identified as 
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eluting muet} earlier (19 and 20 min.). A double addition of botll species to 

the~. ~~ sample is il.l.ustrated in Fig. 7b. The l-eCQVery detennined by 

absorbance at 25L~l1m [or a 180pg analylieal load of E. col.i tRNA using elution 

conditions speci(ied in Fig. Sa was 80%. 

Silica 

An important consideration was the optimal type of micropar'ticulate 

silica that could serve as the support for the stationary phase. Recent 

studies llave sllown tllat pore-diameter and other inherent silica matrix 

properties are important for optimizing HPLC fractionation of macromolecules 

such as peptides (13,14), proteins (14,24-26), and oligonucleotides (27). For 

example, pore sizes from 100~ for oligonucleotides (27) to 1000X for 

large proteins (26) have been espoused as optimal. A qualitative study of 

resolution using C2 and C4 n-alkylsilyated silicas with pore-diameters of 

120, 330, and 5001 indicated that tRNAs fractionated best on the 3301 

silica (data not shown). From a purely geometrical standpoint, the dimensions 

of a monoclinic, crystalline form of yeast tRNAphe are 56 x 33.4 x 

63.0'\ (12), which suggests that utilization of a high-surface area, 

mesopore ( 100~) silica would suffice. Actually, three lines of physical 

evidence dictate the desirability of macroporosity: 

I) In solution tRNA (27,000 daltons) has considerable linear structure 

(28) which causes the hydrodynamic volume to be comparable to a 

60,000 dalton protein (29); 

2) A 60,000 dalLou spheLe or soluLe Lllat kinetically bel13ves like one 

llas diffusivity problems in mesoporous silica, resuiling in poor 

eft ic iency (30); 

3) The DSG-RP separation mechanism is partly based on interfacial 

precipitation where possible multilayer stacking (2) must be 

considered. 
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1.n addition to better sclt~cL:ivitj, the 3JOA pore ·diall1cLcl .'..>ilica \.JdS 

prei().t:t-ed over t!l(~ SOOA silica all the basi~-, of pl.-essun::~ sLab] Lity (J.I+) and 

gceatel' surface ace" (.l00 vs. 50 m2 /g). 

CONCLUSION 

Fract:ionation of tRNA isoacceptors was aellieved by a descending salt 

gradient Oll a reversed-phase high-performance liquid chromatogl-aphy column. 

This system (DSG-RP) was demonstrated on Cl, C2, and CI, type coatiags. 

Taking itlto cotlsideration the pllysical nature oE tRNA molecules, it was found 

that macroporous, as opposed to mesoporous} microparticulate silica was 

desirable. Retention time could be manipulated by 1) initial salt 

concentration or 2) amount organic modifier added to the mobile phase. The 

type and amount of organic modifier used were important variables. Resolution 

was increased at elevated temperature, but at the expense of a concomitant 

decrease in column lifetime. At room temperaLure the columns \vct:e very 

stable. Hydl:0phobic interactions are normally enhanced at a high temperature 

(2). In this study, elution at 55" as opposed to 24" deereased retention 

times. Apparently the thermal retardation enhancement was more than offset by 

the effect increasing temperature had on solubilizing tRNA to negate 

interfacial precipitatioll. The same affect has been noted by Spencer for 

Sepharose 4B (Z). The effeets of initial ~Hd!- (';oncentration} lyrA nnri amount 

o[ organic l1luoi[iel-) tempr.>rntllf<:: and pH had) in general J a grCJLCl effect on 

t:he less hydrophobic tRNAs. The efficacy of this new HPLC method has yet to 

be explored foe separation at larger polynucleotides. 

lAbbreviatio!lS used: HPLC, high-performance liquid chromatography; 

RPLC) reversed-phu1,e high-perfol-mance I.iquid chromatography; DSG--RP, 

descending salt gradie!lt reversed-phase. 
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ABSTPACT 

The removal of a nonionic detergent, Emulgen gll, by HPLC 
from solubilized microsomes is described. Microsomal samples 
were dissolved in phosphate buffer containing sodium cholate 
and tritiated Emulgen C)ll. The HPLC column was eluted with 
phosphate buffer containing ?O% (v/v) glycerol, sodium cholate 
and, for one set of conditions with Lubrol WX. The detergent, 
F:nlU'!gen qll, when e'luted \~ith sod'ium cholate, tyi'lds tightly 
to the column eluting after the inclusion volume. Elution in 
the presence of Lubrol WX resulted in decreased retention, 
with Emulgen C)] I eluting within the inclusion volume. Micro­
somal samples chromatographed with sodium cholate are resolved 
into two peaks. The first eluting peak is associated with 
the cytochrome P-'FiO fraction. Effective detet'qent removal 
under these condHions \'ias eRr, of the elu(;pd l'aclioaci:iv'ity. 
For purified cytochrome P-1S01 detergent removal was gq% effi 
cient and provided a sample with a ratio of l.S microgram 
detergent per nanomole of P-150. Elution with Lubrol WX did not 
provide a full quantitative p'icture because of over'lappinq pro­
tein and detergent peaks but it provided evidence for strong 
hydrophobic interactions between the bonded phase and Emulgen 
C)'ll, and between the two nord oni c detergents. 
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INIIWUUCT 1 

ProtCc"j n" I',h i eh dt'e alii nLe(jr'al pal'ts of mcmiwanes re(]I1'1 re 

solubilization by use of deterqents prior to any purification 

step (1). Protein constituents of the endoplasmic reticulum are 

solubilized by means of nonlonic/or ionic detergents. A com­

bination of non-ionic and ionic detergents has been successfully 

used for the solubilization of microsomal preparations prior to 

purification (?). One of the most frequently used combinations 

in the purification of cytochrome P-150 is sodium cholate and 

Emulgen gll. The latter is a nonionic surfactant consisting of a 

mixture of polyoxyethy'lene nonylphcnyl ethers (3). The presence 

of detergents in the pUI'i fi ed protc'i n samplos rc'pl'cscnts a 

serious problem due to potential inhibition of enzymatic activity 

and slow denaturati on of the enzyme (?,4). These effects ar'e 

associ ated with both types of deter'gents but removal of noni oni c 

detergents from solubilized proteins is comparativf'ly nlOt'C' dif­

ficult than removill of ionic detergcnts (1,?). ConseqllC'ntly, it 

is worthwhile to devise efficient methods for removal of nonionic 

detergents fn)nt pr'otein samples" 1\ fr'equent'ly used method for 

removal of [mulgC'n 911 involves the use of XAD-~ resin; by 

sequentia'l batch treatments the concc'ntration of deter'qent 'is 

lovlered to acce?ptable levels, The usC' of Sephadex I.!I,,(,O has been 

Y'eported for remova'! of Luhrol I-IX (I))" Application of this 

latter procedure to Emulqen qll is not as efficient, with an 

opt i ma" fiOr, effect i Ve? removal ina s 1 ov! procf's S (?)" f\ n~centl y 
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published prOC(,dllY'e involv"inSJ cilromatoqY'aphy "in hydl~oxylalJatitc 

(G) has become the most widely used method for removal of 

non1 on-j c detergent:i. I n the present cornmurd cat i on we explore th!' 

y'emova"l of Emulqen ql\ from rat liver' microsomes by HPLc. This 

technique has been recently used to fractionate cytochrome P-450 

samples either on ion exchange (7) or size exclusion columns (8). 

MATERIALS AND METHODS 
.~ ----"~,-.-~- ••... ~ - --.~--~--------- -~". 

Charles River CD strain male rats were used in the present 

study. A sample of [3H]-Emulgen 911 was generously provided 

by My'. ~Iayne Levin, Hoffman LaRoche, Nutley, N,l. No specific 

activity was given for the tritiated detergent, a neat aliquot 

6 of 1 )11 represented ca. 10 cpm and appropriate dilutions were 

made from this stock. A sample of highly purified cytochrome 

P-4501 from rabbit lung was provided by Dr. qichard M. Philpot, 

laboratory of Pharmacology. NIEHS, Research Trianqle Park. N.~. 

SOUJRTLIZATION OF rU(,ROSm1ES 

'in l()O mt'1 potassium phosphate buffet', pH 7.S, containin~1 O.f)o/, 

sodi um chol ate and 0.1% [lilul qCIl f)'ll i.lCCO"(j'j IlCj to 'Ii tc,ratuY'{c' pro, 

cedures (9). 
." , 

For the exper"ilTlents wHh L'HJ-Ernulqen 911, ',) ml at 

pl'otein solution (10 Illq protein/ml) vias diluted wHh ? 1111 of 

radio1abeled buffer and equilibrated at room temperature for 

hr. The final activity of the so'lubilized rnicrosoilles was lO? 408 

cpm/10 )11 at a protein concentration of 5 mg~nl. From this solu-
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tion, aliquots of 250 pl (250 pg [mulgen, 1.25 mg protein) were 

injected into the HPLC column. 

CIIPm1J1TOGPIWII I C COND IT IONS 
~-- ------~~"~~.-"--"-.. -,,--"--"---.-" .. ~ 

lhe eluents used were: buffer A, 100 mM potassium phosphate 

(pH 7.5) buffer solution containing 0.5% sodium cholate, 0.1 mM 

EDTA, 0.1 mM dithiothreitol, and 20'7', (v/v) glycerol; buffer B, as 

above with the addition of O.?% Lubrol WX. A control (blank) 
'~ 

sample of ['HJ-Emulgen 911 buffer (20 pl, ca .• 95547 dpm) 'Nas 

run under each set conditions. The equipment consisted of a 

~1fiOOOA pump, 1]61< i nj ector, model 440 dual-channel UV absorbance 

detector, and a model 730 data module (all from Waters 

Associates, Inc., Milford, MA 01757). Peak absorbance was moni-

tored simultaneously at 2RO nm and 405 nm. The column used was a 

Spherogel TSI<-3000SW (0.75 x 60 cm, Altex-Beckman). Samples were 

eluted isocratically at a flow rate of 1 ml/min. In all cases 

fractions were collected between 8 and 60 minutes. Instagel (6 

ml) was mixed with the fractions and counting was done in a 

Packard Tricarb 460 CD liquid scintillation counter • 

.!:iE!-S_J?.f __ CtlJ"::~rl.ll!L~_n __ ~lL. a) Elution with 0.1)% sodium 

cholate/Lubrol WX. An aliquot of a 0.1% solution of tritiated 

Emulgen 911 buffer (20 pl, 12::1 ?fil dpm) was chromatographed as 

described above. Fractions (1 ml) were collected from 8 to fiO 

min. The column was subsequently eluted with water (2 x ::10 ml) 

and methanol (2 x ::10 ml); aliquots (1 ml) of these fractions were 

taken for scintillation counting. Total recovery of radioac-
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tivity from the column was 91%. The distribution of label among 

the fractions VJas: sod-ium cholate/Lubrol \,JX buffer (9].?r,), 

\'Jater (6.4%), and methanol (::>.3%). b) Elution w-ith O.Sr, sodium 

cholate. As described above, radiolabeled Emulgen 911 (?O pl, 

95 547 dpm) was chromatographed using sodium cholate as the only 

detergent component in the buffer. Total recovery of radioac­

tivity was 94%. The distribution of label was: sodium cholate 

buffer (51%), water (?3%), and methanol (?fi%). 

HPLC of cytochrome P-4501 Solubilized cytochrome P-4501 (0.8 

nmol heme) in labeled 0.05% Emulgen 911 buffer (?20 pl, 120 pg 

Emulgen 911, 71 14? dpm) was chromatographed as above with 0.5% 

sodium cholate buffer. Total recovery of radioactivity was 96%. 

The distribution of label was: sodium cholate buffer (73%), 

l"Jater (13%), and methanol (14%). Fractions 5-2? (10 to 19 min) 

were associ ated \"Jith cytochrome P-/l.501 (determi ned by absorbance 

at 405 nm) and contained 0.95% of total eluted radiolabeled 

detergent, 

RESULTS AND DISCUSSION 

A prelirniYJary indication of the potential application of HPLC 

for removal of nonionic detergents was obtained during the analy­

sis of cytochrome P-450 fractions from a DE-5? column under con­

ditions previously described (8), A late eluting peak with strong 

absorbance at ::>80 nm, too intense in relation to the amount of 

protein injected, was observed. (Fig. 1). This peak was iden­

tified as Emulgen 911 by comparing retention characteristics and 
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Figure 1. Partially purified cytochl'ome P-450 from a DE-52 
column chromatographed on a Spherogel TSK-3000SW 
column eluted at 1 ml/min \~ith O.lM phosphate (pH 
7.S) containing 0.2% Lubrol WX and 0.5% sodium 
cholate. Trace I, absorbance at 405 nm, 
Trace II, absorbance at 280 nm. 

coel uti on on HPLC with an authent i c standard. Thi s part i cul ar 

sample of cytochrome P-450 from the ion-exchange column (DE-52) 

had been treated with /\mber'l i te XAD-,/' fOI' a per'iod of one hour 

following literature procedures (2). Elution of the HPLC column 

l'iith a Lubro'1 WX-sodium eho'late comtl'ination (8) a"llowed malyi" 

toring of the separation at 280 nill. At th'is point it became 

clear that the HPLC column was efficient in removing tightly 

bound detergent and that this approach could have a useful 

cornp'lementary \'ole in the final stages of pY'otein purification. 

For the removal of Fmulgen Qll, two sets of conditions were 

explored. First, elution with a buffer containing 0.5% sodium 
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cholate and, second, elution I'd'll! a buffel' conLa'irJ"illtj 0.2% LulJY'o'l 

\IJX ilnd O. :')% sodi Uill chol ate:. Tho :"Hllova'] of detergent from the 

protein fractions was quantitated by incorporation of 

r3HJ-Emulgen 911 in the detergent mixture used to solubilize the 

n1'i CY'OSOlnes. Because of OUY' par't i cul ai' interest 'i n the behavi or 

of cytochrome P-450 under HPLC conditions, the profiles of the 

Emulgen 911 solubilized microsomal samples used in the experi­

ments is shown in Fig. 2. The number 1 identifies the peak asso­

ciated with the major cytochrome P-450 fraction. It is inter­

esting to observe that in the absence of a nonionic detergent in 

the buffer eluent the cytochrome P-450 proteins aggregate 

readily and elute near the void volume (10-13 min, Fig. 2). The 

cytochrome P-450 is not denatured under these conditions, and, as 

in the case of elution with Lubrol WX, the isolated fraction from 

HPLC provided a carbon monoxide binding difference spectrum after 

reduction with sodium dithionite. The elution profile with Lubrol 

WX was as previously described (8), the cytochrome P-4?O elutes 

near' the exclusioll volume (IO-lclmiil), dlld Lhe lilajO!" cytochl'omc 

P-450 fraction elutes between 1?-18 min peaking at 16 min (Fig. 

The elution profiles, radioactive and ?HO 11m absoy'bance, 

obtained by chromatography of the r3HJ-Emulgen qll buffer are 

shown in Fig. lA. Three radioactive peaks designated as A, R, 

and C are distinguishable. The distribution of radioactivity 

among these peaks is shown in Tahle 1. Peak A eluted at the 
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Figure 2. HPLC profile for the microsomal sample in the presence 
(right-hand trace) and absence (left-hand trace) of 
the noni oni c detergent Lubrol ~/X. The number 1 
identifies the fraction corresponding to cytochrome 
P-450. 

inclusion volume (25 ml) as determined with tritiated water. 

Peak B is a broad, disperse band, an'd peak C is highly retained 

and eluted well beyond the inclusion volume. Peak C contained 

44% of the eluted radioactivity and was associated with the major 

absorbance peak at 280 nm. Obviously, the mechanism of retention 

of Emulgen 911 in this column is not based exclusively on size, 

perhaps involving hydrophohic interactions with the bonded phase. 

It was also clear that the labeled detergent was not strictly 

pure; however, since other studies have been conducted with 

[3HJ-Emulgen 911 from the same source, a comparison would be 

possible only by using the original detergent sample (?,10). 
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Figure 3. HPL~ profile for samples e~~ted with buffer/O.5% 
sodlum cholate. Trace A, L"H]-Emulgen 911 buffer 
s~lution. Trace R, microsomal sample solubilized in 
[ H]-Emulgen 911 buffer. The number 1 designates 
the cytochrome P-150 fraction. 

The elution profile obtained from a sample of rat liver micro­

somes solubilized in [3H]-Emulgen 911 and eluted with 0.5% cho-

late buffer is shown in Fig. ~8. TWO distinct areas were 

established for the protein sample. Peak 1, from 10 to 13 min., 

corresponds to the major cytochrome p·150 peak (labeled 1, in 

Fig. 38) as deter'mined by absorbance at 405 nln (Fig. ?); peak 1', 

13-16 min. contains other proteins with lesser amounts of heme 

proteins, including cytochrome b~. As shown in Table 1, the 
::> 

total amount of radioactivity emerging in the protein fractions 

was 11'% of the recovered radioactivity. By examining the amounts 
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Figure 4. HPLC profile for samples eluted with buffe~/0.5% 
sodium cholate 0.2% Lubrol WX. Trace A. r'HJ­
Emulgen 911 buffer solu1ion; Trace B. microsomal 
sample solubilized in [HJ-Emulgen 911 buffer. The 
number 1 designates the cytochrome P-450 fraction. 

recovered for the detergent peaks (Table 1), peak C shows a 

significant decrease, relative to blank, in cpm content. Peak C 

is the major detergent component observable by UV and it is 

tempting to speculate that the detergent eluting in the protein 

fractions is derived largely from this particular pool. As a 

whole, 88% of the [3HJ-Emulgen 911 is removed in one pass through 

the column; if we consider only the cytochrome p-1Sn fraction 

(peak 1), close to 96% removal is achieved. The efficiency of 

this approach to the removal of large amounts of nonionic 

detergents may be best visualized by considering the effective 
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1 

Distribution of Radioactivity Obtained by Chromatography of 

e~[~~J~:frl!~~L9 .. (~!, .. ql)"e il!l"<L_~i.s.!,g..s.2nle~_"~J.ui~i"' n_X:"~~Je:Emll"l gel! 911 

Eluent Re"l at i ve Distribution (0/0) 

Sample Buffer --.91 Recovet'ed R~di oact!.Yitx_ 

Peak: 1 ? B C 

131 ank A 11.4 14.4 44.? 

Microsomes A 4.?a 8.0b 40.? 1?0 31).7 

Blank 13 13.4 25.1 :H.1 

Microsomes B 1'.1 47.0 B.? 37.3 

aFraction collected between 10-11 min, Fi gures (> and :SB. 

bFraction coll ected between B-16 min, Fi qures 2 and ::lB. 

cFraction collected between 10-13 m"in, Figures ? and /lB. 

load of detergent and the ratio of detergent to protein before 

and after HPLC. For the microsomal samp"le, the initial ratio was 

1 pg deterqent/5vg protein; the recovered fraction contained 12% 

(30 pg) of the oriqinal deterqent load and, assuminq 70% as an 

average protei n recovery (1,8), a fi nal Y'at i 0 of 1 pg 

detergent/30 u9 protein. 

This remaining 4% [3H]-Emulqen 911 cannot be considered as 

representative of the extent of binding of this detergent to 

cytochrome P-450 since there are numerous other proteins eluting 

in the same fraction. This aspect was investigated with purified 

cytochrome P-4501 from rabbit lung. The cytochrome R-450 (0.8 

nmol) i n ().()~ilo (\U-f:rnu I gen 011 (??O III. l?O p9 detergent) gave 
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after lIPLC, usi n9 cllol ate buffor'. a sol ut i on contai n"i ng heme pr'o"­

toin (0.48 nmol by UV analysis (11)) and [~H]-Emulgen CJll 0%) of 

recovered label, 1.1' \1g) for a final ratio of 1'.5 pg Fmulgen 

gil/nmol P-150. For Emulgen gIl the average molecular weight is 

~. 900 (:I) whi ch i nd"i cates that after HPLC 2.7 nmol of detergent 

remain bound to one nmol of cytochrome P-450. 

The elution profile of [:lH]-Emulgen CJll when Lubrol WX is 

incorporated in the buffer (buffer R) is shown in Fig. 4A. As 

with buffer A (Fig. 1A), three radioactive peaks are discernible, 

except that now all components are eluted within the inclusion 

volume of the column. Peak A still designates the peak eluting at 

the inclusion volume; for consistency we designate C the peak 

associated with strong absorbance at 1'80 nm, and in this case it 

elutes before peak A. The distribution of radioactivity in Table 

1 shows an increase in the cpm in peak B with a concomitant 

decrease in peak C. The elution experiment with Lubrol WX was 

carried out largely in order to gain information on the nature of 

Lhe "j nter'act i on between emu1 gen 911 and the IlPLC bonded phase, and 

about the possible exchange between nonionic detergents under the 

chromatographic conditions used. Chromatography of the microsomal 

sample with buffer fl is shov/ll in Fig. 4B. Iinder these conditions 

only peak 1 (Table 1) could be quantitated because of the strong 

tailing of peak B. As shown in Fig. 4B the peak corresponding to 

cytochrome P-450, identified as 1 on the trace, overlaps partially 

with a detergent peak. As shown in Table 1, only 2% of the 
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e'l uted t'adi oacti vity Y'emai ns associ ated with th'i s protei n frac--

tion. There are changes 'in the n~lative amounts of peak Band 

peak C but our inability to quantitate protein peak;:> makes ana" 

lysis rather uncertain. The elution experiment with Lubrol WX 

does provide a clue as to the mechanism of action of the HPLC 

column towards nonionic detergents. In the absence of Lubrol WX. 

i.e., buffer A. Emulgen 911 interacts strongly with the column 

and elutes beyond the inclusion volume (Fig. ~A). In the pre­

sence of Lubrol WX, i.e., buffer 8, Emulgen 911 is unable to com­

pete for hydrophobic sites on the column and elutes considerably 

faster (Fig. 4A). Supporting evidence for this mechanism was 

found in the distribution of [~HJ-Emulgen 911 among buffer, 

water, and methanol fractions (see experimental). With Lubro1 

WX, 91.?% of the radiolabe1 was eluted in the buffer fraction 

compared to 51% with sodium cholate; in the latter water (23%) 

and methanol (26~q accounted for a significant portion. 

Differences in the distribution of [3H]-Fmulgen 911 among peaks 

A, R, and C (lablel) ay'e also suygesLive of the fOY'lllation of 

mixed aggregates with Lubro1 WX. In all cases the formation of 

mulUple irigh molecular aCjgr'egates ol)sey'ved 'in the L11··;:>O pr'oee·" 

dure does not materialize (?). 

lJ nder both set s of cond it ions, the y'emov a 1 of [~II ]-Emul gen 911 

from the microsomal preparation compares favorably with optimal 

conditions reported for LII-20 and XAD-2 treatments which range 

from 50-60%. For the purified cytochrome P-450 examined, the 
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ratio obtained (2,15 ]It] detenwnt/nrnol Jl-4!1()) closely appr'oadH~S 

VE,r; 05 of hell1c~ pl'otei n fr'orn HPLC co"1 umns have bc'en c\0monst t'ateo 

to be high (6,7), and since methods are available for the effi-

cient removal or sodium cholate and Luoro'l WX un, the appt'oach 

described here has practical potential in the removal of tightly 

bound noni oni c deterg(~nt s from protei ns. r-:xperi menta 1 factors to 

bear in mind are the load of detergent and concentration of pro-

tein solution, both of which may affect the efficiency of the 

procedure. 
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ABSTRACT 

The four diastereomeric thioether adducts resulting from 
the addition of glutathione to racemic styrene oxide were 
separated on a Radial Pak C

18 
column using pH 7 Tris-phosphate 

buffer solution containing methanol as eluent. The benzylic 
thioether (1) eluted earlier than the benzylic alcohol (2) 
reglolsomers. A complete stereochemical profile was established 
with the first eluting stereoisomer assigned as (S,R)-l, followed 
by (R,R)-l, (S,R)-2, and (R,R)-2,. The diastereomers with S 
configuration at the benzylic carbon emerged first for each-set 
of regioisomers. The use of glutathione as a chiral probe for 
the analysis of enantiomerically enriched epoxides was illustrated 
with ~-methylstyrene oxide formed from (lR,2S)-N,N-dimethylep­
hedrium bromide during the course of a chiral phase-transfer 
synthesis of oxiranes. 

INTRODUCTION 

The reaction of glutathione (GSH) with electrophilic 

compounds is an important component in the defense mechanisms 

available to many organisms. This reaction is catalyzed by a 

group of enzymes known as the glutathione transferases (1). 

Among the substrates for these enzymes, epoxides constitute a 

Copyright © 1983 by Marcel Dekker, Inc. 0148-3919/83/0608·1475 $3 .50/0 
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major group or environmenLal inLerest. Epoxides are products 

of the oxidative metabolism of unsaturated hydrocarbons cata­

lyzed by the cytochrome P450 dependent monoxygenase system (2). 

Styrene oxide has been found a useful substrate for the in vitro 

determination of glutathione transferase activities (3). In 

addition, this epoxide has provided a model for examining the 

stereochemical aspects of the reaction of GSH in the presence 

and absence of enzyme (4). The product profile for GSH and 

styrene oxide indicated various degrees of stereoselectivity for 

the chemical and enzymatic reactions. Further work was hampered 

by the lack of a suitable analytical procedure. Optimal ana­

lytical conditions provided only partial separation of the 

stereomeric GSH conjugates of styrene oxide (5). 

In the present work we describe a modified reversed-phase 

HPLC (RP-HPLC) procedure for the separation of all the diastereo­

meric glutathione adducts of this epoxide. The practical value 

of this procedure is illustrated by examining the stereoisomer 

distY"ibuLion resulting from Y'eact"iol1 of GSII with a styrene oX'ide 

sample obtained by a phase- transfer' procedure utilizing a 

chiral catalyst reported to produce epoxide with high enantio­

meric enrichment (6). 

MATERIALS AND METHODS 

Enant i omeri cally pure styrene oX'i des were prepared from the 

corresponding mandelic acids. Reduction of (+)-(S)-mandelic 

acid with borane-dimethyl sulfide gave (+)-(S)-phenylethane diol 
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which by Lhe orLhoesLer procedure (7) gave (_ .. )-(S)-styrenc 

- ([. -I 25 ° ( ) . () ° oXlde a_ D -~2.5 c2.0, benzene, llt. 8 -41.5 

(c5.0). Similarly, (-)-(R)-mandelic acid afforded (+)-(R)­

styrene oxide [aJ 25 D+35. 5°(c2. 27, benzene), 1 it. (9) + 42.2° 

(c3.09). 

Chiral phase-transfer procedure 

By following the published procedure (6), benzaldehyde 

(10.7 mmol), (-)-(lR,2S)-N N-dimethylephedrium bromide (2.13 

mmol), trimethylsulfonium iodide (11 mmol), and sodium hydroxide 

(20 mmol) were refluxed for 60 hr under argon in a mixture of 

water (18 ml) and dichloromethane (8 ml). The crude product was 

purified by filtration through deactivated neutral alumina, 

followed by elution with dichloromethane, to provide 0.63 g of 

an oil, [aJ~5+4.2° (cl.7, acetone), lit. +4.4° (c5.5, acetone). 

No significant product formation ocurred at room temperature. 

A control experiment was conducted as above except that benzal-

dehyde was omitted from the reaction mixture. The product, 0.17 

g (57% yield), [aJ~5 + 79 75° (cl.6, acetone), was identified as 

.tXil.!:,s.-[3-methyl styrene oxi de by proton nmr and its reaction 

products I'IHh GSH (Scheme 1). 

Glutathione Conjugates 

The GSH conjugates were prepared by reaction of GSH (5 eq) 

with the corresponding epoxide (1 eq) in 0.5 M potassium bicar-

bonate for 12 hr at room temperature under argon. Isolation and 

purification methods for these compounds have been described 

(4,5). 
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OH 
I 

©r
CH CH CH 3 o I 

N Me3 Br­
+ 

(lR , 2S) - N,N-- Dimethylephedrium 

~
aOH+ __ bromide 

(CH 3 ) S I 
3 

@)CHO ~'" 
~ 0 o ~CH3 

r()'Y l8J lSJ 1 trans-ft-methylstyrene oxide 
styrene oxide GSH --(R)-3 

,GSH ~ 

1 + 2 SG 
~,CH3 

L9 OH 

(S)- ~ 

SCHEME 1 

The equipment used consisted of a M6000A pump, model 

440 UV absorbance deLecLor (254nm), and a model U6K injector 

all from Waters Associates. The column used was a 8 mmID 5 

micron C18 Radial-PAK (Waters Associates). A precolumn (5 

micron C18-Spherisorb, Rainin Instruments Co.) and an in-line 

2 micron filter were also used. A stock solution of Tris-

phosphate buffer (pH 7) was prepared as follows: 5 ml of 85% 

phosphoric acid was added to 1000 ml of water and neutralized 

to pH 7 (Corning 125 pH meter with combination glass electrode) 

with tris-(hydroxylmethyl)aminomethane (Tris-base). Buffer A 
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consisted of 500 ml of stock solution plus 500 ml of 50 mM 

sodium sulfate solution. Buffer B contained 475 ml of stock, 

25 ml methanol, and 500 ml 50 mM sodium sulfate. The column 

was conditioned by pumping 10 column volumes of B followed by 

15 column volumes of A. For the separations, a step gradient 

procedure at a flow rate of either 3 ml/min or 2 ml/min was 

used. After sample injection, buffer A was pumped for 10 min 

followed by a step switch to buffer B until elution was 

complete. For reequilibration, 15 column volumes of buffer A 

were pumped through the column. 

RESULTS AND DISCUSSION 

The reaction of styrene oxide with glutathione produces 

two positional isomers, 1 and ~ (Fig. 1). Because of the 

chiral benzylic center in styrene oxide each positional 

isomer may consist of one or two diastereomers depending on 

the optical purity of the starting epoxide. As shown in Fig. 

1 tho benzylic thioether isomers are designated as (R,R) -

and (S,R) - I, and the benzylic alcohols as (R,R) 2 and 

(S,R) -~. The first letter designates the absolute con­

figuration at Lhe benzylic carbon and tho second letter the 

configuration of the asymmetric carbon of the cysteine 

residue in GSH. For simplicity, the configuration of the y­

glutamyl residue is not included in this notation. This 

nomenclature is preferred to rotation signs since, for styrene 

oxide, the magnitude and sign of rotation are solvent and 
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H OH 

@;rc;-~i~H @j?H G~~~ 
( S,R)·'l (R,R) - ~ 

-SG = -SCH2 CH CO NHCH2 C02 H 
I 
NH CO (CH 2) CH CO2 H 

2 I 
NH2 

Figure 1. Relative stereochemistry of the GSH adducts of 

styrene oxide. The first letter designates the 

stereochemistry at the benzylic carbon center and 

the second letter the configuration of the cysteinyl 

residue in GSH. 

concentration dependent (10). Reaction of GSH with optically 

pure (R)-styrene oxide would give rise to (S,R) - 1 and 

(R,R) - g; (S)-styrene oxide would produce (R,R) - 1 and 

(S,R) - 2. Racemic styrene oxide would produce a mixture of 

all four d'iastereomers (Fig. 1). 

RESULTS AND DISCUSSION 

The separation of the glutathione conjugates of styrene 

oxide as originally developed (4) is illustrated in Fig. 2a. 
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(A) 

(S,R) -[ 

(R,R) 

(8) 

254nm/005 AUFS D 254nm 10.02 AUFS 

(S,R) - ~ 

L-L I I I 

o 20 o 20 40 60 80 

TIME (min) 

Figure 2. HPLC profiles of the diastereomeric GSH adducts of 

(±)-styrene oxide. Trace 2a, Tris-phosphate pH 3 

buffer/15% MeOH; trace 2b, step gradient tram bufrel' 

A (Iris-phosphate pH 7, 25mM sodium sulfate) to 

buffer B (Tris-phosphate pH 7, 2.~% MeOH, 25mM 

sodium sulfate). Flow rate was 2ml/min in both cases, 

For stereochem-ical N rotation see Fig. 1. The peak 

labeled D in Fig. 2b is l-phenylethane 1,2-diol. 
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As ri0scY'ilwci earli0Y', thc fiY'st eluting peak contained a 

singlc benzylic thiocther diastercomer, now identified as 

(S,ln _L l-,I)(' Y'emaininrJ thr('e ciiasterooillors coolutec!in thc 

sccond peak. These condi t i OilS wcy'e found useful in the 

analysis of thioether metabolites of styrene oxide but were 

not adequate for more detailed analysis of the stereochemical 

aspects of the alkylation reaction. In order to study the 

regio- and stereoselectivity of the enzymatic reaction we 

explored conditions that would allow separation of all four 

diastereomers (Fig. 1) and still be compatible with enzymatic 

samples. The separation of the four diastereomers from the 

reaction of racelll'ic styrene oxide and GSII "is shown In F-ig. 

2b. By operating at pH 7 with a minimal volume (2.5%) of 

methanol resolution is achieved in a reasonable time. The 

order of elulion in this case is (S,R) - 1, (R,R) - 1,(S,R) -

2 and (R,R) - 2. Stereochemical assignments were based on 

the analysis of reaction products of GSII with optically pure 

epoxides the traces for which are shown in Fig. 3. The GSH 

adclllcts of (r)-(R)-styrene oxide (Fig. 3a) correspond to the 

i'iY'st andlasL ellltin~l peaks on Lhe racemic sample (Fig. 2b). 

The (-)-(S)-sytrene oxide forms the GSH conjugatcs correspond­

ing to the inside peaks (Fig. 3b) in the racemic sample (Fig. 

2b). For both sets, the benzylic thioether (1) eluted ahead 

of the benzylic alcohol (~) regioisomer. These assignments 

were based on: 1) isolation and structural character-
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(A) 

(5)-4 

E Ill. ~ 
N 

<{ 

o 20 40 60 
TIME (min) 

Fi gure 4. HPLC profi 1 es of GSH adducts of (a) styrene oxi de 

obtained in the presence of an ephedrium salt chiral 

phase-transfer catalyst; (b) optically pure ~-methyl-

styrene oxide from fragmentation of the ephedrium salt 

catalyst; (c) racemic ~-methylstyrene oxide. Flow 

rate was 3ml/min with mobile phase as on Fig. 2b. 
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1) a control sample without benzaldehyde and quenched with 

GHS; 2) coelution of authentic ~-methylstyrene oxide gluta­

thi one adduc t (II) wi th the p roduc t ob ta i ned above. The I a to 

eluting peak designated as (S)-4 on ~ig. 4a corresponded to 

the glutathione conjugate of ~-methylstyrene oxide (~) 

formed when benzaldehyde was ommitted. Fig. 4c shows the 

diastereomers derived from racemic ~-methylstyrene oxide. It 

is clear that the extent of optical induction, if any, is 

very remote from the original claim. The optical i:ictivity 

detected in the product(s) is largely. if not exclusively, 

derived from optically pure ~-methylstyrene oxide formed by 

the elimination of trimethylamine from the chiral phase­

transfer catalyst. These conclusions are summarized in 

Scheme 1. The elimination of trimethylamine proceeds with 

retention of configuration at the benzylic carbon and the 

configuration at this site of the ~-methylstyrene oxide (~) 

is R. Reaction of 3 with GSH has been shown to be regioselect­

ive with the sulfur nucleophile adding exclusively to the 

benzylic carbon (4). Thus, the configuration of the GSH adduct 

of 3 becomes.? at this center, and in relation to the adducts 

from racemic }, it corresponds to the first eluting peak 

(Fig. 4b and 4c). Similar"ly, by examining the ty'aces of the 

adducts of (R)-and (S)-styrene oxide (Fig.2 and 3) one finds 

that for each set of regioisomers (i.e. 1 and ~) the dia­

stereomer with S configuration at the benzylic center elutes 
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earlier than the corresponchn~J g diasteY'comer ((S)· .. ]. vs (R)­

I, and (S)-2 vs (R)-?). This undoubtedly reflects a strong 

stereochemical influence in the separation mechanism in-

volv'ing these compounds. further studies ar'e necessary in 

order to ascertain whether this observation may be of 

use in elucidating the stereochemistry of GSH adducts of 

epoxides. The present analytical procedure significantly 

expands the range of experiments possible, with styrene oxide 

as substrate, in the study of the glutathione transferase 

enzymes. In addition, an interesting observation, the use of 

GSH as a chiral trap may develop into a practical approach to 

the determination of the optical purity of epoxides, par-

ticularly those from metabolic processes. 
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ABSTRACT 

A ne;r, sensitive and rapid method for the determination 
of naloxone hydrochloride as drug in dosage entity and form 
using I-IPLC has been developed. Authentic naloxone hydrochlo­
ride "ras used to establish a calibration curve. A linear 
relationship "'as obtained for concentrations ranging from 
J_O jJg/ml to 50 jJg/ml. The column used ",as C18, MicrOl)ak MCH-
10 (monomeric) and the mobile phase ,·ras acetonitrile : O. OJ_ M 
KH2P04 (70 : 30) at a flov rate of 2 ml/min. Retention time 
1'01' naloxone hydrochloride "as 3.3 minutes. 'l'he proposed 
method has been proved accurate and precise compnY'ec1 to other 
pharmacopoeia methods of assay for naloxone hydrochloride. 

INTRODUCTION 

Naloxone (17 -Allyl-l" 5-expoxy-3, 14-dihydroxy-morphinan-6-one) is 

a specific antagonist of pentazocine having a similar action to that 

of nalorphine but ",ith greater potency. 

(*) To ",hom correspondence should be addressed. 
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Naloxone hyclrochloride is of'f'iciaJ_ in the USP XIX (1) .. There it is assayed 

by a non-aqueous titrimetric method using standard HCl0
4 

af'ter the 

addition of mercuric acetate. An inJec Labl.e solut i.on is also of'f'ici.al 

in the same pharmacopoeia but it is assayed by gas liquid chromatography. 

A radioimmunoassay f'or naloxone in either serwn or brain(2) has been 

developed and several procedures f'or the gas liquid chroma-tographic 

determination of' naloxone hydrochloride and naloxone in biological f'luids 

have been reported (3--7). 

'['hin layer chromatographic techniques, f'or the identif'ication of' 

the drug in studies of' drug abuse using a urine screening program has 

been devel_oped by Kaistha ( 8 ) . 

Baker(9) and co-vorkers have characterised several drugs of' f'orensic 

interest, inclucling naloxone, using hplc reversed phase and normal phase 

systems ,Thereby the drugs, >Tere identif'ied by the:Lr relative retent:Lon 

times and by the ra·tios of' their absorbances at 254 and 280 mn. 

'The presen·t \-lork describes a rapjd, accurate and precise method 

1'01' the assay of" naloxone hyuroch1oi'ide :Lil dosage [Ol'Jll us:Lng h:Lgh·-

perf"ormance liquid chromat.ography. 

EXPERIMENTAL 

Apparatus 

'The HPLC unit is a Varian 8500 LC. Accessory un:L ts attached 

to the instrwnent are computer model CDS 111, autosamp1er modeJ 
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TABLE 

Volume injected 

Flm·, rate 

Colwnn 

VAR, CHROM, 254 nm, 
0.10 AUFS 

2 ml/min. 

Commerrj ally available 
stainless steel (4.0 Tmn 
id X 30 cm) packed 
>lith C18, micropak MCH -
10 (monomeric). 

Eluent 70/30 (acetonitrile/O.Ol 
M K H

2
P04 ) 

8000 and a recorder model 9176. The optimum values for the BPLC 

parameters established are presented in Table (1). 

Non-aqueous potentiometric ti-trations >lere performed using a 

combined g]_ass-calomel elect;rode assembly and an automatic potentiograph 

model E576, Metrohm, Herisau, S"itzerland. 

MATERIALS 

Authentic naloxone hydochloride USp(l) )las used as obtained 

Hi-thout further purification. Hater used ,/as doubly distilled in an 

a11-"glass stU_l. Acetoni.tr:L1e vas spectra] grade Flu]m. AG.; and all 

o-ther reagents "ere analyti.cal grade. 

Glacial acetic acid and potassiwn hydrogen phthalate used for the 

non-aqueous potentiometric experiments 1-Iere products of BDH and analyti-

cal grade. Mercuric acetate and perchloric acid employed 1-Iere products 

of Riedel-De Baen AG., Seez],e, Hannover. 
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(J_) De-termination of NaJ_oxone Hydrochloride by Non-Aqueous Po-lentio-

metry: 

About ]50 mg of authentic naloxone hydrochloride ,ras accura-

tely \<leighed and dissolved in a mix-ture of 20 ml glacial acetic 

acid and 5 ml of mercuric acetate (5% vr/v). The potentiometric 

titration curve ,ras recorded using the potentiograph and the end 

point of the titra-tion \·ras estimated by the method of ])8.rallel 

tangents (10). The percentage of naloxone hydrochloride vras com-

puted from the follovring expression: 

Percentage of Naloxone Hydrochloride 
v X F X 36.38 
,reight of 
naloxone hydro­
chloride sample 

X 100 

\·rhere V and F are the volume (in millili tres) and factor for the 

standard (0.1 N) acetous perchloric acid respectively, and 36.38 

is the number of milligrams of naloxone hydrochloride chemically 

equivalent to 0.1 N - perchloric acid. 

The calculated percentage of naloxone hydrochloride vras used 

for correction of concentrations employed in the establishment of 

the caJ_ibrat.ion curve. 

(2) Preparation of Standard Curve: 

A stock solution containing 50 mg of naloxone hydrochloride 

per 100 wl of the eluent solution \·ras prepared, and serial diJ_u-

tions \<lere made in the same vehicle to give solutions containing 0.1, 

0.15,0.2, 0.25, 0.3, O.tr and 0.5 mg per 10 ml. TripJ_icate injec-tions 

of 10,;<.1 each \·rere made onto the colwnn. The integrator count ,ras plotted 

versus concentration of naloxone hydrochloride. 

(3) De-termination of Naloxone Hydrochloride in Dosage Form: 

Naloxone hydrochloride is available commercially as an injectabJ_e 
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2 

''-

0123 Time (min) 

Peak No.1 - Solvent peak 

Peak No.2 - Naloxone Hydrochloride (Retention time-3.3 min) 

Fig. 1 

(Narcan(R), neonatal) labelled to contain 0.02 mg per ml of naloxone 

hydrochloride in addition to 0.86% sodimfi chloride and 0.2% of 9:1 

mixture of methyl to propylparaben. 

Six ampoules "ere randomly s81ilpled. Triplicate inj ections o:f 10/11 

each ",ere vi thdrm·m from e8ch 8.mpoule and made onto the column. Using 

the average integrator count, the concentration of naloxone hydrochloride 

1·ras determined from the standard curve. Similarly added recovery experi,", 

ments vere carried out by spild.ng the ampoule contents uith knm·m amounts 

of authentic naloxone hydrochloride. 

RESULTS AND DISCUSSION 

Fig. 1 shm-ls a tracing of a ·typical chromatogram obtained by HPLC. 

Under the conditions described above, the retention time vas 3.3 min. 
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CALIBRATION GRAPH FOR 
NALOXONE HYDROCI-ILOHIDE 

2 3 4 5 X 10 ug/ml 

Cone. 

Fig.2 

Fig. 2 shmls the relationship betveen the concentration o:f naloxone 

hydrochloride and the integrator count. A straight line is obtained 

demonstrating the applicability o:f this procedure :for assaying naloxone 

hydrochloride in concentration range lO,lA g/ml to 50 j..(g/ml. Further-

more the results o:f applying the ne1" HPLC method to the determination 

o:f naloxone hydrochloride in its dosage :form (Narcan(R), Neonatal) o:f 

injections are shom1 in 'l'able 2. 'rhe results o:f spikj_ng shovn in 

Table (2) indicate a percentage recovery o:f 99.0 ± 2.6. It can be con-

cluded that the HPLC method described here :for the determination o:f 

Subsidiary o:f EI. du Pont de Nemours & Co 
Garden City N.Y. 11530. 
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High Ferf'ormanee Liquid Chromatogr<3,phi c. Det;eJ:'minctt; ion 
oi:' Naloxone Hyclrochlor:i de and in Dosage Form. 

Sa.mp:l.e 

;,;taLcd WllOUrrl- Added 
of' Na,loxone amount Perc.entage Standard 
hyclrochJ_or ide pg/m".i 1:'ccovc;r:;,r~+ (levi aLiol.ls 

Authentic. Naloxone J,5 
hyuroc.h1oride. 

Narc.an Neonatal 
inj ec.'table (H). 

20 

20 19.98 

98.0 

97 .1 

99.0 

± 2.Lf 

± 2.8 

± 2.6 

------

oX-Mean of' six runs. 

naloxone hydroc.hloride in bulk and in its dosage f'orm is rapid, ac.c.u-

rate and simple to perf'orm. 
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LIQUID CHROMATOGRAPHIC 
ASSAY Ole ARI3APROSTIL 

G. W. Peng and V. K. Sood 
Pharmaceutical Research and Development 

The Upjohn Co., Kalamazoo, MI 49001 

ABSTRACT 

Arbaprostil was extracted from the solution formulations with 
ethyl ether-chloroform. The extraction efficiency was 94%. After 
evaporation of the extraction solvent, the samples were derivatized 
with p-nitrophenacyl bromide at 40°C for 30 minutes in the presence 
of N,N-diisopropylethyl amine. The prepared samples were dissolved 
in mobile phase and chromatographed on a silica gel column with 
acetonitrile, methylene chloride and water (150/350/2.5, v/v) as 
mobile phase. The chromatography separated the p-nitrophenacyl 
esters of arbaprostil, its l5-s-epimer and the degradation products 
derived from arbaprostil. When monitored by UV absorption, the 
de0radation products could not be detected as they eluted near the 
solvent front under the peak of the derivatization reagent. The 
chromatographic responses were linear ~Iith the concentrations of 
arbaprostil. Assay results with good precision and accuracy were 
obtained. 

INTRODUCTION 

Most prostaglandins have small UV-extinction coefficients and 

derivatization with su-itab-Ie chrolllophores to enhance UV abso)"t)ance 

is usually necessary for their quantHat-ive detenn-ination. For 

prostaglandin free acids, various functionally substituted phenacyl 

bromide (1,2) and a-bromoacetonaphthone (3) are conveniently em­

ployed as derivatizing reagents to form the corresponding esters 
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which call be separateci by high prcossurcoliquid chromatogY'aphy 
(HPLC) and quantltat~d by monHoritH) the UV absorbancc: at 2Ci4 nil]' 

The derivatization of prostaglanciin with p-,nitrophenacyl 
bromidG dml the subs'!4UenL se[Jarat iutl ui Uw I-esul LillS! esL!;:!s by 

HPL.C have b(:en i nve st-i :Ja ted (l), Th i s procE)cliw(' was ut ili ',led for 
the determination of the IS-epimer of dinoprost in bulk drug (4). 
The same reagent was also used to study the epimerization kinetics 
of arbaprostll (5). The present paper describes the application of 
p-nitrophenacyl bromide derivatization on a micro-scale for the 
quantitative determination of arbaprostil in aqueous formulations 
containing dextrose, alcohol, triacetin and polyoxyethylated 

vegetable oil. 

Arbaprostil, like other C-1S alkyl substituted prostaglandins, 
is more resistant to enzymatic oxidat'ion than the C-1S unsubstituted 
analog by Is-prostaglandin dehydrogenase (6,7). It is readily 
converted under acidic conditions into its biologically more active 
15-s-epimer (S) and therefore serves as a prodrug of the s-epimer 
which inhibits gastric acid secretion (8) and promotes healing of 
duodenal and gastric ulcers (9,10). Like other E series 
prostaglandins, arbaprostil also dehydrates under acidic and basic 
conditions to form degradation products (5,11). These chemical and 
biological properties potentially make arbaprostil a highly potent 
but unstable drug. The facile epimerization and degradation also 
rrncipr thp quant.itativi-' detenn-illi1tion of nrbaprostil dH;fiCl,H 

EXPERIMENTAL 

Chemical 

Arbaprostil, lS-s-epimer of arbaprostil and 17S-hydroxy 17-
methyl-4-androstene-3,11-dione (internal standard) were supplied by 
Pharmaceutical Research and Development Laboratories of The Upjohn 
Co. (Kalamazoo, MI). p-Nitrophenacyl bromide and N,N·· 
diisopropylethyl amine were obtained from Pfaltz and Bauer, Inc. 
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(SL~mford. Cl) and Aldrich Chemical Cu, (Milwaukee, WI), rpspec­

tively. and used as received. Solvents For HPLC were from 

1501 

Buy'dick and ,Jackson laboratory (I"luskeqon, Ml). /\11 othlC'\" chcmical'.; 

The, aqucous formulations of arbapr'ostil contained 5% dextrose 

solutioll U.S.P., alcohol, tY'iacetin and po'lyoxyethylat:.ed veCW-' 
tab'l e 0 i I (Emul phO\'(C) [L,·620, GI\r: Corp., N. Y . ) . 

Aliquots of 1 mL of the solutioll of arbaprosLil in the formu­

lations in 15-mL culture tubes fitted with teflon-lined screw caps 

were supplemented with internal standard, acidified with 0.5 mL 2% 

phosphoric acid and immediately extracted with 10 mL of ethyl 

ether-chloroform (4/1, v/v). After centrifugation, 8 mL of the 

organic extract was transferred to a new tube and the solvent was 

evaporated at: 40nc under a stream of nitrogen. Aliquots of blank 

formulation vehicle vlere supplemented with arbaprostil and internal 

standard to prepare calibration standards for the quantitative 

determination of arbaprostil. 

p'-nitrophenacyl brom'ide, {.~) mg in I mL acetonitrile, and N,N,­

diisopropylethyl amine, 6.25 uL ill 0.5 mL acetonitrile, were added 

to the residues of the elher,chloY'ofonn extrelet of thE~ samples. 

The mixtures were tightly capped with teflon-lined screw caps, 

vortexed briefly and placed in a water bath at ~O°C. After 30 
minutes, the solvent in the derivatiLatioll mixture was pvaporated 

at 40°C under nitl"ogen. 1\ 2 mL aliquot 01 HPI.C mobile phase vms 

added to each tube containing the derivatization residues. The 

samples were vortexed prior to chromatography. 

The crH'omatographic analysis of arbaprosti'l \~as carried out 

using a model 6000 A solvent delivery pump (Waters Associates, 
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Milfoy'd, MA), a model 440 detector (vJaters /Issociates) or a mode'l I.C 

55-8 detector (Perkin-F::lmer Corp., Norwalk, Cn at 25LJ nrn, a model 

7120 sample valve injector (Rheodyne, Inc., Cotati, CAy and a 
variah'lr' spall strip charI; rr'!corcier, 

The chromatographic separation was accomplished using a 

commercially prepared sil ica gel cohmlll (]I I)orasil, l'iaLers 

Associates) with a mobile phase of acetonitrile, methylene 

chloride and water (150/350/2.5, v/v). The mobile phase flow rate 
was 1.5 mi./min. which generated a back pressure of about 1,000 psig. 

l'he peak height ratios of arbaprostil p-nitrophenacyl ester/ 

internal standard were calculated from the peak height measurements, 

The concentrations of arbaprostil in the samples were calculated 

from the peak height ratios of the samples and the slope and inter­

cept obtained by linear regression analysis of the calibration 

curve data. 

RESULTS AND DISCUSSION 

Extraction 

Good recovery of arbaprostil from the formu'lations was ob­

tained using ethyl ether-chloroform (4/1, v/v) as the extraction 

solvent. The extraction efficiency vias found to be 94.2 ± 0.67% 

based on the total radioactivity recovery of tritium-labelled 
arbapl'os til from tlie r'orlnu'l d L i 011. 

The extraction of arbaprostil from the formulations was 

reproducible and simple with no emulsion formation and almost 

complete phase separation between the aqueous and the organic 

phases even though the formulation vehicle contained alcohol, 

triacetin and polyoxyethylated vegetable oil. However. some 
difficulties were encountered in our experience wi th the extrac­

tion of arbaprostil from its solutions in water, At low concen­

trations (e,g. 24 JIg/mL), neither p-nitrophenacyl esters of 

arbaprosti 1 nor its s-epirney' was detected in the chromatograms 

of the prepared samples. At higher concentrations, the peak 
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hcight cic)'iveci f)"om iirhaprosti I 1'1(1'; not rcprocillcible iimonC) the 

samples dnci the peak derived ['rom tile s' ep'illier vias of len observed 

in Liw chroillatograms. 

The ciifficulties (,,')COunl.f'Y'f'ri in Lhe ext,raction of adJdpr'usLil 

from vlater were not associated \vith poor extraction recovery, since 

the recover'y of total raciioactivi Ly of Lritium-Iabelled iH'iJaprostil 

from \Vater \vas essentially complete, The ch)'oll1atography of samples 

prepared from tritium-labelled arbaprostil solution in water showed 

that at least 50% of the radioactivity was eluted from the column 

at early retention times and, \'Ihen 1lI0nitOl'ed by UV absorption, the 

radioactive peaks were near the solvent front and masked by the 

peak from the reagent. Most of the remainder of the radioactivity 

was eluted at the same retention times as the p-nitrophenacyl 

esters of arbaprostil and its s-epimer. Figure 1 shows the chroma-

tograms of a sample prepared from labelled arbapnostil solution in 

water monitored by both UV absorption and radioactivity. The 

radioactivity chromatogram I'las obtained by counting the co'llecLed 

fractions of the column effluent. Similar experiments with a 

solution of tritium-labelled arbaprosLil in tile formulation 

vehicle showed that only very small quantities of the radio­

activity were e'luted at retention times different from that of 

arbaprostil ester. When the glassware was siliconized (Surfa5i 

Pierce Chemical Co., Rockford, IL) before usc for the sample 

pr'eparation, most of l.he difficul Lies encounLcl'ed ill the eXLY'ilC' 

Lion of drllC!fJY'osLi I fnlill \'JaLl:'l' Wl:n' l:"1 ill1illilLed unci the cxt)'dcLion 

recovery became Y'eproducib'le, Therefore, the extraction recovery 

of arbaprostil from wdter was complicated by rapid epimerizaLion 

and e1egraciation of artJaprosLil ill \vaLe\" dllli Li)ese pl"ocesses \'1O)'e 

fJrobably caLalyzeci by Lhe SU)'filCe of the glassvlare, Thl~ 5il iconi 

zation of the glassware had no obvious effect on the extraction 

recovery 0 f a rbapros til from the formu 1 a t'i on so 1 u ti ons . 

Derivatization 

The forlllaLion of p"ni Ixophenacyl ester's of va)"iou5 peosta .. 

c)lanciins for chroillatography vias reported previously (1). For the 
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FIGURE 1. Chromatograms of a sample of 3H-arbaprosti1 extracted 
from water. Mobile phase flow rate: 1 mL/min., UV absorption: 
'--, Rad'ioactivity:-. 

present application, we found that the reaction of the extract of 

1 mL a'liquots of the formulations containing about 20-,800 )1g (0.05-

2.19 )lmole) arbaprostil with 2.5 mg (10.25 )lmole) of p-nitrophenacyl 
bromide and 6,;:>5)lL (O,O~ )lnlole) of N,N,diisopropylethyl amine at 

40°C for 30 minutes produced the best results. These conditions 

resulted in minimal interferences in the chromatographic separa-

tion and a rapid and quantitative esterification of arbaprostil. 

Derivatization at lower temperatun=s (e.g., 22 and 30°C) required 
longer reaction times and derivatization at higher temperatures (e.g., 

50 a C) caused a decrease in arbaprostil peak heights after 15 

minutes, indicating a polE'ntial stability problem. The condit'ions 

of p-nitrophenacyl estE'rification of arbaprosti1 at room tempera-
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]505 

ture overnight Vlere employed previously Ui). Figure 2 shol'lS tile 

time course of p-nitrophenacyl esterification of arbaprostil under 

the optimal condi tions. The arbaprostil ester/internal standard 

peak height ratios Vlere measured to monitor the progress of the 
cier'illati/ation The rr~sllHs shown in f'iqure 2 indicate that t.he 

reaction reached completion at about 25 minutes and the arbaprostil 

ester Vias stable in the reaction mixture at 40°C for at least 40 
minutes. The internal standard l'iClS stable under Lhf~ c()nciitions 

of the derivatization. 

Ch'CQT@J:Q9raflh i c Separ:<ltLoJl ___ <Ln_cl, L i ne,Qr:l.tLQLQ~tec t19Q. 

Representative chromatograms of the p-nitrophenacyl ester of 

arbaprosti'j prepal'ation from the solut'ions in formulation and in 

Vlater as Vlell as a sample of a blank formulation vehicle are 
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sliol'lI1 in j'iljuy'e 3, 111l' Llackljroulldillterlerences 1\'0111 Lhe deriva­

lization reagents and Lhe extract of the formulation vehicle 

Uiguy'e 3-,a) were lIeqligible and did not hinder the analysis 01 

Lil(' fonllulatioll salllp'les havillq al"iJaprosLi I concr-'Ili:rations 01 

20 ~q/IllL or higher. The internal standard alld the p-nitrophellacyl 

('sters of ai"lJapr'ostil and s-epillleY' \~ere eluted from the column 

with mobile phase flow of 1.5 mL/min. at the retention times of 

about 5.8, 6.8 and 7.7 minutes, respectively. The s-epimer was 

often present in arbarprostil solutions in water (Figure 3-d) but 

was very seldom observed in the formulations (Fiqures 3-b and -c). 

a rbapY'os til 15-s-epimer 

o 
It ,\ \ \"==/~.//~CO;>I-I 

i\.. J~)(", .,/.~ // 
HO CH 3 

15-methyl prostaglandin /~2 15-methyl prostaqlandin B2 

/\s revealed by I'adioactivi Ly, the early elution peaks near Lhe 

solvent front derived from arbaprostn and masked by the peaks of 

reaqenL were probably from the A2 and/or B2 type prostaglandins (5,11) 

and other degradation products (5). Under the chromatographic con­

ditions, the esters of l5-methyl prostaglandins A2 and B) were eluted 

early. Under the conditions of qradient elution, using mobile 
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FIGURE 3. Chromatograms of samples of (A) blank formulation, 
(8) formulation with 24 pg/mL arbaprostil, (C) formulation with 
150 pg/mL arbaprostil, and (0) solution in water with 301 pg/ml 
arbaprostil. Salilples C, C, ilnd D containcdinternal standard. 

phase of methylene chloride, acetonitrile and 2-propanol from 350/ 

50/5 (v/v) to 350/150/5 (v/v) and a silica gel column (p-Porasil), 

these degradation products were separated into 4 peaks. Two of 

these peaks had retention tlmC's similar to those of the epimers 

of l~-methyl prostaglandins A2 and 82 . The other two peaks had 

different retention times. From these preliminary results, the 

identity of these components could not be established. 
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Th(> (>stcrified arbulwostil unci tile inter'lIal standard wen' 

';1,(111'1(' in the mobile phase sollll:ion aL ambicni. temperature (!2°C) 

for at least 72 110uI'S. The peak heights of ad.laprostil e';ter and 

the in tey'na 1 s tanciarcl s/]mved no chaWJe when the sampl e was chroma-­

L.uCj('dpitcd dlH'ilICj Lllis period 01 Lillie. 11i(-.' chroillatography of the 

calibration stundards 'immf'Cliate'ly after preparation and 72 hour's 

thc'l'{-,afLer also shoVied no significant change in the slopes or the 

resulting calibration curves. For example, the calibration curves 

with slopes of 0.00396 and 0.00401 and the intercepts of 0.00890 

and -0.00653 Vlere obtained by repeuted chromatography of a set of 

calihration standards immed'iately und 72 hour's, respectively, after 

their preparation. 

When the derivatized samples Vlere evaporated, redissolved in 

mobile phase and chromatographed, the arbaprostil ester/internal 

standard peak height ratios were proportional to the arbaprostil 

concentration in the range from about 20 to at least 600 ~g/mL in 

formulation solut·ion. This proportionality was indicated by the 

constant peak height ratios obtained by the chromatography of 

a 600 ~g/mL sample and its dilutions and by the linearity of the 

calibration curves. The correlation coefficients of the calibra­

tion curves were usually better than 0.999 with negligible inter­

cepts. The slopes did not vary significantly from day to day. 

ror example, 21 calibration curves prepared over a span of J weeks had 

an average slope of 0,003994 + O.OOOl~l (mean ± S.D., RSD 3.5%, 

range ~ 0 003756 ~o 0,004284) 

When the derivatization mixture in acetonitrile was directly 

chromatographed, the peak height ratios were found to vary with 

Lhe injection volume, r~eplacing acetonitrile (by evaporation) 

l'Ii th the lIlob'i'le phase as the solvent for injection of the deri­

vatization mixture, identical peak height ratios were obtained 

independent of the injection volume (5-20 ~L). These observa­

tions were reproducible simply by switching the solvent. Table 

1 shows some ~ypical peak height ratios obtained by injection 

of the acetonitrile solution of a sample. The peuk height ratios 
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TMlLE 1 

Effect of Injection Volume on Peak Height Ratio of ArbaprosLil 
(200 ]1g) p-Nitrophenacyl Ester and Internal Standard (75 pg) in 
Acetonitrile (2 mL). 

lrljection VoJ~T1~~ 
Peak Height Ratio 

?5 

2 .1987 

c .) 

2.5370 

Cij'"E 
E~ 
'" c E;:g 
-en 
~ 

flETENTION TIME, Minute 

10 

3.4528 
15 

4.3243 

J ')09 

FIGURE 4. Chromatograms of acetonitrile solution of the deriva­
tization mixture of arbaprostil and internal standard. Injection 
volume 25 ]1L. 
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increased from 2. 1981 for a 2.~) pL, injection Lo 11.3243 ror a 15 pi .. 

ICor injection volumes of 20 and 25 pL, the formation of cloub'le 

peaks \-Ias obv'ious for both the internal standard and the 

arbaprostil ester as shown in ~igure 4. 

The above phenomena of changing peak height ratios with injec­

tion volume were related to the peak broadening which led to the 

double peak formation (Figure 4). Injection of acetonitrile 

probably disturbed the equilibrium between the stationary and the 

mobile phases with respect to water present in the system. This 

disturbance influenced the adsorption interaction between the 

solutes and the silica stationary phase and changed the chromato­

graphic separation. When small quantities of water (5-15 vL) were 

added to the acetonitrile solution (2 mL) of the derivatization 

mixture, the chromatographic peak broadening and splitting were 

effectively suppressed. Methylene chloride and ethyl ether did 
not completely dissolve the derivatization mixtures. However. 

the supernates resulting from centrifugation of the mixtures in 

methylene chloride and in ethyl ether behaved like the mobile 

phase and the water supplemented acetonitrile solutions in that 

there was no peak broadening and that the chromatographic peak height 

ratios did not vary with the injection volume. The proportion-

ality between peak area and concentration was not investigated. 

TABLE 2 

Assay Accuracy and Precision 

Label Conc. No. of Concentration 

_J:l2!Jll_L~_, Sanl£l~ Mean ± S. D. , ]lg/ml-_ 

24.1 4 23.95 ± 0.25 
301. 6 4 295.10 ± 1.58 

626.8 4 615.60 ± 1 .69 

round 

% RSD 

1.05 

0.54 

0.28 

% of Label 

99.4 

97.9 

98.2 
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Table 2 shows some data indicat:ing th(~ accuracy and preclslon 

of I:his ana"lylical method. I\t aY'llilprosLil lev('ls of ?~.I. 301.6 

and 626.8 ~g/mL" in the formulations, the concentrations found were 

within 3% of the corresponding theoretical values and the rela·" 

tive standard deviations were less than 2%. These represented the 

excellent assay accuracy and the intra-assay reproducibility. 

The reproducible slopes of the 21 calibration curves with a rela­

tive standard deviations of 3.5% as mentioned earlier were an 

indication of the excellent inter-assay reproducibility. 
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ABSTRACT 

A high-performance liquid chron18tographic method is 
described for the determina ti on of ch] oroquine Clnd its m,l j or 
metabolite desethylchloroquine in blood, plasma and urine. The 
procedure employs reversed-phase chJ"olJlaLography, wiLh ultraviolet 
detection, and chlorpheniramine as an internal standard. One 
milliliter samples of biologic fluid arc extracted in a single 
step with ether. lbe method has a sensitivity limit of 5 ng/mJ 
for chloroquine and j.Ls lJIeLabolite. The appl.icability o[ Lhe 
method is demonstrated by the analysis of blood and plasma samples 
obtained from rabbits following intravenous administration of 
chloroquine. 
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INTROl)UCT10l\ 

Chloroquine is the most effective drug employed in the 

Lreatlllent of lIlalaria, a disease LhaL affect~; appl'oximatcly LlVellLy 

percent of the 1V0rid population, Chloroquine' is also used ill ·the 

treatment of systemic lupus,i.ntestinal amebiasis and rheumatoid 

arthritis. Recently, several high performance liquid chromato-

graphic methods have been reported (1-3) for the determination of 

chloroquine in biologic fluids. Two of these methods required 

fluorescence detection (1,2). The other method (3) employed 

ultraviolet detection, but did not separate the parent drug from 

its major metabolite, desethylchloroquine (4). Further, two of 

the assays (1,3) utilized internal standards which had to be 

synthesized. 

The present study concerns the development of a simple one-

step extraction method, employing a readily available drug, clllor-

pheniramine, as an internal standard. The reversed-phase IIPLC 

procedure utilizes ultraviolet detection, and permits the simul-

taneous assay of chloroquine and desethylchloroquine in plasma, 

whole blood and urine. 

EXPERIMENTAL 

Reagents and Materials 

Chloroquine diphosphate was obtained from Sigma Chemical 

Co. (St. Louis, MO); desethylchloroquine lVas provided by Sterling-

Winthrop Research Institute (Rensselaer, NY); and chlorpheniramine 
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maleate was obtained from Berlex Laboratories, Inc. (CedoT 

Knolls, NJ). Methanol and chloroform were l-lPLC-grade, Fisher 

Scientific (Fair Lawn, NJ). Deionized \vater was used throughout 

the experiment and all other chemicals were of reagent grade. 

Glass tubes employed in the extraction and evaporation 

procedures were placed in a 500
0 

kiln for 1 hI' to eliminate any 

contaminants remaining after washing with detergent, rinsing with 

deionized water and drying at 100 0 overnight. The 15 ml conical 

tubes used for evaporation were silanized with 4% trimethyl­

chlorosilane from Alfa Products (Danvers, MA) in dry toluene. 

After silanization, the tubes were rinsed with methanol and dried 

at 100
0 

overnight. 

Chromatography Equipment and Condi ti(~ms 

The IIPLC system (Waters Assoc., MilfoI'd, ~lA) consisted of a 

Model M6000 solvent delivery system, a U6K loop injector and a 

prepacked 3D cm x 3.9 mm -j .d. stClinless steel column contClining 

10 )JIll CIS p-Bondapak, along with a 23illm x :'i.9mlll guard columll, 

hand packed with CIS/Corasil. The variable wavelength detector, 

KI'atos Analytical lnstruments (\Vestlvood, N.J), was seL al 225 Hm, 

0.02 aufs. 

The mobile phase, consisting of 0.18% ammonium hydroxide 

(30%) in methanol, was de aerated by filtering through a type llA 

filter, pore size 0.45 pm, using a solvent clarification kit 

(Millipore, Bedford, !VIA). The flow rate was 2 ml/min, anc! the 

system Ivas operated at ambient temperature. 
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Standard Solutions 

Aqueous solutions were prepared containing 5 Vg/mI of 

chloroquine diphosphate and desethylchloroquine. Aliquots of 

this solution were diluted with deionized water to provide 

standard solutions for the calibration curves ranging from 25 ng/ 

ml to 2.0 Vg/ml of drug and metabolite. The aqueous internal 

standard solution contained 0.5 Vg/ml of chlorpheniramine maleate. 

Standard Curves and Biologic Samples 

Standard curves were prepared with pooled human or rabbit 

plasma and blood, and human urine. One milliliter of blood, 

plasma or urine was combined with 1 ml of chloroquine/desethyl 

chloroquine standard solution, 1 ml of 0.5 Vg/ml internal stand-

ard solution, and I ml of 1.0 N sodium hydroxide in a 20-ml 

polytef-lined screw-cap centrifuge tube. The mixture was 

extracted with 8 ml of chloroform for 20 min, with gentle mixing 

on a pLltform shaker. After centrifugation al: __ 100 for 15 min 

at 3000 rpm, the aqueous layer was aspirated off and the chloro 

form layer was transferred to 15 m] conical tubes and evaporated 

under a stream of nitrogen at 40
0

. The residue was reconstituted 

with 100 VI of methanol and vortexed for 20 sec. A 10 VI aliquot 

was then injected into the j-jPLC. An unweighted least-squares 

regression was employed to fit plots of peak height ratio (drug 

or metabolite/internal standard) versus drug or metabolite concen-

tration. 
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Studies in J\abbits 

Chloroquine diphosphate was administered intravenously at 

a dose of 10 mg/kg (equivalent Lo 6.2. mg/kg base) Lhrough the 

marginal ear vein of New Zealand White rabbits. Five milliliter 

blood samples were withdrawn over an 8 hI' period through an 

arterial catheter, and were placed into tubes containing 50 U of 

heparin. A 2 ml aliquot of whole blood was frozen, and a 3 mL 

aliquot was centrifuged to obtain the plasma, which was also 

frozen until the time of assay. 

RESULTS AND DISCUSSION 

Figure I illustrates typical chromatograms obtained for the 

assay of human urine, blood and plasma containing 0.5 ~g/ml of 

chloroquine diphosphate and desethylchloroquine, as well as 0.5 

11g/m1 of internal standard. The retention times for the internal 

standard, drug and metabolite were 2, 4 and 8 min, respectively. 

Blank samples of each biologic fluid did not exhibit any inter-

fering peaks in the chromatograms. The recovery of drug and 

metabolite from urine, plasma and blood samples containing 0.5 

~g/ml of each component was consistently in the range of 85··87 

percent. The recovery of internal standard averaged 90-95 per-

cent from urine, plasma and blood. The precision of the assay 

was evaluated with ten replicate urine, plasma and blood samples 

containing 0.05 ~g/ml of drug and metabolite, and ten samples of 

each biologic fluid containing 0.15 ~g/ml of drug and metabolite. 
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Figure 1 - Chromatograms from the assay of human urine (A), 
blood (B) and plasma (C) containing 0.5 J-lg/ml of 
internal standard (1), chloroquine (2) and metabolite 
(3) . 

The relative standard deviations (SD x 100/mean) were 8.7 percent 

and 4.9 percent for the lower and higher concentrations, respec-

tively. Standard curves for cb'ug and metabolite ill each biologic 

fluid exhibited excellent linearity over a concentration range of 

2S ng/lnl to 2.0 J-lg/ml, with coefficients of dGtermLllaLiolls (1'2) 

which were consistGntly at IGast 0.998. The intercepts did not 

differ significantly from zero. lbe limit of detection of both 

chloroquine and its metabolite is 5 ng/ml of biologic fluid. 

Figure 2 is representative of chromatograms obtained by 

assaying blood and plasma samples obtained from rabbits receiving 
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Figure 2 - Chromatograms for the assay of rabbit blood and plasma 
following administration of 6.2 mg/kg of chloroquine 
base intravenously. Key: (A), 15 min blood; (8), 30 
min blood, (C), :)0 min plasma; 1, internal standard; 
2, chloroquine; 3, metabolite. 

an intravenoLls dose of chloroquine. T\-IO features of these chroma-

tograms are of particular interest. First, the metabolite is 

well separated from the chloroquine, and is present in blood and 

plasma obtained within 15 min after an intravenous dose. In sub-

sequent studies to be reported elsewhere, desethylchloroquine was 

detected in blood samples obtained as early as 5 mi.n after closing, 
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Figure 3 - Blood ( 0 ) and plasma ( 0) concentration-time pro­
file for a rabbit receiving a 6.2 mg/kg intravenous 
dose of chloroquine. 

,1Od the metabolite concentrations remained relatively constant, 

Secondly, 1"11(" 

data shown in Figure 2 indicate that chloroquine concentrations 

in whole blood samples are cOIlsickrahly 111P.11e,' than those found i.ll 

correspondillg plasma samples. This observation is consistent with 

previous work (5). Figure :., represents blood and plasma chloro-

quine concentrations determined in another rabbit following a 

6.2 mg/kg intravenous dose. The blood concentrations are approxi-

mately seven-fold greater than those found in plasma. 
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Previous s tuclics :i 11 humans have jncLi ca led peak p LaslllCl 

ch I oroquine conccntrali.ons of approximately 80 ng/mJ and 1 jlg/ml 

following singJe dose adlllin.l.stl'alioll of j(IO mo 
b of chloroquinc 

base by ora] and j ntrclvellOUS routes, respccLi vely (J), Flirther, 

duri.ng chronic daily administration of ,'iOO lllg of ch loroquinc 

basc, blood chloroquine concentrations ranged from approxinmtely 

ISO-:iOO ng/ml (:';), Concentrat:ions of chloroquine in the 111'inc 

of these patjents ranged from 17-20 pg/ml, Therefore the 

present assay, which is relatively rapid and is specific for 

chloroquine and its major metabolite, is applicable to pharmaco· 

kinetic studies in allimals and man, as lYe]] as suitable for 

routine monitoring of patients who are receiving this drug, 
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ABSTRACT 

A specific HP1,C assay h8.s been developed for determination 
of the radioprotective drug WR 2721. The method is based on 
precolumn derivat ization of p1asl118 '''ith f Luol:escand ne, separation 
with a C···18 cnrtridge and detecti.on hy fhlOrescpncp. An external 
standard was used for calihration, and values were adjusted based 
upon recovery of added 14C-labeled WR 2/2L. WR 2/21 had a 
retention time of about 13 minutes using a mobil.e phase of 
acetonitrile/water (22:78), 0.0] M in clibutylClm1ll0nium phoGphate, 
n t a flo w I' ate 0 f 2 TIl 10/ nd. n • Sen sit i v .i. t Y 0 f the ass a y was 
characterized to " lJg/mL, and dete<':LOI.' response was li.lleaJ' uver 
the range of 2 1'0 1100 ]1g/mL ~ The aGsay rtoquireG 90 ].11, of plasma 
and has a total chromatography time of about LrS minutes. 2--(3-
Am i n 0 pro p y 1. ami. no) e t 11 a net h i 0 1 ( W RIO 6 5) and b L G [2 - ( 3 ._. 
aminopropyJamino)ethylldisuJfide (WR 332/8), metnbolLtes of the 
drug, and a variety of primary amines were shoHrl not to inteL-fere 
with the assay. Suitability of this assay for pharmacokinettc 
stue! ies \\TaG demonstrated in preliminary experiments \"ith a beagle 
dog. 
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lNTRODUCTION 

The chemical rndi oprotecLor S-<;>,'-(J"aminopL'opyJamino)ethyJ 

phosphnj'Oj'hioilLe (I) helC' h("'11 I.h(' nhjC'cl ()f' illi'"Cns(' sj~(lcly hy 

research groups of L11e U. S. I\rmy alld the N,ltton,>'! Cancer 

lnstitute. An Army program established ill 1959 found that: the 

drl1g r lRbeled \Valter Reed CHR) 2721] protects vac10tls tissues 

from radiation (1). It \<las also demonstrated that certain solid 

animal t-,umors are not. prot.p,ct('o, which sl1ggefltpd its use in 

radIotherapy (2). 

]. HR 2721, R = POCOH)2 
II, WR 1065, R ~ II 

L~~, HR 33278. R SCH2CH2NllC1l2CJl2C1I2NII2 

It is believed that in the body the drug is transported 

intact into the tissue where it is enzymatically cleaved to yield 

the th10l II (\VR 1065) (3). Free radicals produced by radiation 

Clre then scavenged by interaction with the sulfhydryl (sn) group 

of _~, (4). 

A major shortcoming of HR 2721. is that its activi,ty after 

oral dosing is severely limited ---probably due to premature 

cleRvage of the phosphate group under the aclcli.c conditions 

encountered j,mJllediately ofter ora] dosing (5). 

Attempted bi,oassay of HR 7.77.1 has hepn h;'lmperecl by sev('rCll 

serious obstacles. The compound ls acid labile, has no 

converdent ehromophoce, has essentially no flO,! ubJlj ty i,n organic 

solvents and is extremely polar, capable of exjstlng as Cl dipolar 

1. 0 nor a b i,r>_"'cJ i pol a ri.o n • La c k 0 f sol u b 1.1 -L t Y P t- e c 1. u c1 (, sit: s 

extractio1l from biologjcal fluids and Lts polarIty pLaces limits 

on the types of chromatographIc clystelJlS which might: be used to 

separate It from endogenous materials. To facilitate 
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phar'nacok:lneLic sLndLes 01' Lhe ell·Ltg, an analytical pl:occdurc 

capable of efficiently process Lng large numbers of samples is 

the stated problems and 1.s (:.apahle of handling mUlti.ple sampl es 

is pt:esented in this papei', 

HATE RIALS AND HETHODS 

Ins t rUlIlen LatLoll 

A Waters Associates Hodel 2/14 Liquid Chromatograph equipped 

with a Hodel 420 AC Fluorescence Detector and Data Hodule was 

employed. Excitation wavelength was 395 nm and emission 

wavelength was >460 nm. Samples were injected using a Rheodyne 

Hodel 7125 Injector fitted with a 20- or 50-pL loop. Separations 

were carried out on a Waters Associates RCH-IOO Radial 

Compression Hodule fitted with a 100-lmn x 8-mm cartridge filled 

with 5-pm spherical C-18 packing. The analytical column was 

protected with a Hhatman, Inc. guard column filled with Waters 

Associates CaPell C 18 packing. The mobile phase was 

aClcotonitrile/wat:er (22:78), 0,01 Mill dibutylammonium phosphate 

(pH -3) at a flow of 2.0 mL/min. 

Acetonitrile was purchased from Burdick and Jackson 

Labo~atories, Inc. DibuLylamine and fluorescamine were obtained 

from Aldrich Chemical COlllpany. Concentrated (1 H) solutions of 

dibutylammoniulll phosphate were prepared by titrating 12.9 g of 

dibutylamine to pH 2,5 with phosphoric acid and diluting to 

volume, Fresh solutions containing fluorescamine (5 mg/lIlL) were 

prepared \veekly using reagent grade acetone which had been stored 

over 4A molecular sieves. WR 2721 trlhydrate, Lot AU~'llJ 09506AJ·" 

68-1., was Eunlished in >99.0% purity by the Halter- Reed Army 



1526 SI-.TYNNERTON E'l' AT,. 

institute of Research. Radlolabeled WR 2721, [ 2 -- ( 3 

alllinopropylamino)e thyl-1 , 2_I/,C 1 pl1Osphorot1110ate was obtained from 

RCGcarch TrLanglc Il\stitute, Lot 387 /,.-52; itn specific acLivity 

was 86.0 pCi/mg and report.ed puri.ty was >97.0%, 

Standardn contai.ning HIZ 277.1 were prepared by cUn[wlut.ion in 

0.05 J:.1 sodium borat.e-potassium chloride pH 10 buffer. 

Plasma (90 pL), 50 pL of a solution of the radiolabeled 

internal standard (1,40 pg/mL) and 160 pL of 0.05 J:.1 sod i um 

borate-potassium chloride buffer were placed in a polyethylene 

vial and, while the mixture was being agitated using a vortex 

mixer (American Scientific Products), 200 pL of the fluorescamine 

reagent was added, After mixing for 60 s, the mixture was 

treated with an additional 200 pL of fluorescamine reagent and 

agitation was continued for 20-30 s, The resulting mixture was 

centrifuged at 1500 rpm for three minutes and an aliquot of the 

supernatant was injected onto the HPLC column, Each frozen sample 

was individually thawed, derivatized and immediately injected 

because both HIZ 2721 and its derivative decompose in plasma at 

room t.emperature, 

Internal Standard 

Plasma samples were spiked with increasing amounts of 

WR 2721, mixed with inlenwl standard, decLvatlzed and injected 

as described above, The foLlowing concelltrations were used to 

construct a st.andard curve: 0, 1.89, 6.33, 11.9, 56.3, 112, 279, 

556, 83,'f, and 1110 pg/mL, The curve \-laS constructed by fitt.ing a 

regression line to the peak area versus concentration data after 

correction for recovery, Recovery was determined by adding 50 pL 

of a solution containing 14C-Iabeled HR 2721 (activity 

33/+ dpm/pL) t.o each sample vial prior t.o clerivatization. After 
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derlvatization, a 20- or .'iO-~L sample was removed from the 

reacti Oll vial, mixed I.,ith scintil Lat Lon fJ uid and COllllted using a 

Packcp-c1 Trt"earb Hodc'1 (,'330 scinti LlaLion counLeL'o Sjlld,lcu'Jy, 

either a 20-- or .'iO--iJL sample was analY7.ed twing HPLC, Twelvel'-mL 

fracVions of column efFluent wpre coL'Jecl:ed starting three 

minutes prior to the elution time of WR 2721 Rnd continuing for 

six minutes. Each vial, after addition of scintillation fluid, 

was counted for 10 minutes, and the recovered radioactivity was 

determined by summing the disintegrations observed in those 

fractions with acttvity greater than the background level. 

Recovery of WR 2721 was then determined for each assay using the 

expression: % recovery = (dpm recovered x 100)/dpm added. All 

calculations were corrected for contrtbutions due to background. 

Counting efficiencies were determined via automatic external 

standardization. Recoveries obtained were between 35% and 55% 

(mean = 48%, n = 58), 

A healthy, one-year old, AKC-registerable, male beagle dog 

weighing 12.7 kg was used in pilot dosing experiments to test the 

analytical method. The animal was dosed intravenously in the 

cephalic vein with a 0.9% saline solution containing 1.9 g 

(150 mg/kg body weight) of WR 2.721. The infusion required two 

minutes. Blood samples (3 mL) were withdrawn into an EDTA 

VaclItainer® from a cAnnuln plcH'J'd ~in the j\1g\1~JAr vr:in" EnC'h 

sample was immediately chilled in an ice/water bath and then 

centrifuged. A 904JL aliquot of the separated plasma was added 

to 50 ~L of the internal standard, the mixture was agitated using 

a vortex mixer and was then quick-frozen in a dry ice/alcohol 

bath. Samples were stored at 20°C until time of analysis when 

they were thalved at room temperature and immediately treated as 

described In the Sample Preparat:ion section. The drug was shown 
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to be stabLe.lt[ pLasma IIp to abclui '3() days whell storc,d aL "20°(; 

lU:SUI;rs AND 

De rivat iza t:i.on 

Major obstacles in the development of the assay were the 

instability of HR 2721 in acidic media and -Lts lack of a suitable 

chromophore. A pH-hydrolysis rate profile (Figure 1) 

demonstrates the lack of stability under acidic conditions. The 

data were generated by measuring the rate of appearance of 

WR 1065 (6) and calculating the rate of disappearance of HR 2721. 

In simple aqueous systems underivatized WR 2721 has been 

analyz,,,(1 by HPLC using separation on a Whatman. PAC column (7) and 

UV detection at 204 nm, but this procedure was unsuitable for 

plasma analysis. Derivatization of the drug with fluorescamine 

allowed detection in the picoluole range and at the same time 

modified its chromatographic behavior such that it was retained 

on reverse-phase columns. 

It was found that precision was remarkably improved by a 

two·-stage derivat:Lzation procedure (see Nethods section). This 

may be attri.buted to the effect of the acetone solvent which, by 

protein denaturization, could release bound material. 

Pret rcatment of plasma with methano 1) ethanol or ace toni t rLle d i.d 

not provide a satisfactory increase in precision. 

Derivatization with o-phthalaldehyde was briefly 

investigated but was not further pursued when the derivative was 

found to be very unstable. 

Figure 2 illustrates a typical chromatogram for a plasma 

sample spiked wlth\oJR 2121 at the 5 ).lg/mL level. Note that the 
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Figure 3. Chromatogram of Beagle Plasma (Blank) 

peak of interest was well separated from those peaks due to 

endogenous materials, thought to be amino acids. A chromatogram 

of a plasma blank is shown in Figure 3. 

The separat ion Ivas performed under isocratic conditions to 

increase sample throughput and increase precision. As a resul t, 

less polar materials (including WR 1065 and IVR 33278) were not 

eluted and, when allowed to remain, seriously degraded 

resolution. Fl ushing the column with methanol/water (70: 30) at 

the end of each analysis day restored column resolution and 

increased its lifetime. 
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Figure 4. Standard Curve. Samples of beagle plasma spiked with 
WR 2721 and internal standard were derivatized and 
chromatographed. Points were corrected for recovery of internal 

standard. 

Internal Standard 

As can be seen in Figure 2, the complex chrolnatogram of 

derivatized plasma did not offer much hope of finding a suitable 

internal standard, i.e., one which would have similar behavior 

toward hydrolysis dnring sample storage and \vorkup, and elute in 

a reasonable time in an unobstructed region of the chromatogram. 

A number of homologs of WR 2721, several other phosphorothioates 

and a number of amino acids were screened without success. 

Therefore, radiolabeled WR 2721 was added to plasma samples 

immediately after they were dt:'awn and the column effluent was 

collected and counted to determine recovery. Excellent precision 

and accuracy values \"ere obtained over the approximate range of 2 

to 1100 Wg/mL using thLs procedure. 



1~32 S\~YNNERTON ET AL. 

TABLE 1 
Prec.ision of HR 2/21 AnaJyticaL Hethod 

l,vR 272 J Numbe roE 
Conc_en ~La tiOlCl..L __ .[6~~ __________ ~~1'1 i~~!=-'=f3_Ana}y~_<'!_c.lL~l _______ ~'§"l2._ (% L 

1110 
112 

11.9 
6.3 
3.0 

1.89 
8.55 

34.1 
78.6 

112 
390 
779 

1110 

TABLE 2 

5 
5 
5 
5 
5 

9.1 
5.3 
5.6 
5,1 
7.8 

Average ~ 6.6 

Accuracy of HR 2721 Analytical Method 

1.92 
8.75 

33.1 
75.9 

107 
430 
742 

1050 

Average Deviation ~ 
n 

1.6 
2.3 

-3.0 
-3.4 

4.5 
10.2 
-4.8 
-5.4 

4.4 

Figure 4 depicts the Lelationship between the drug plasma 

levels and the peak area for derivatized HR 2721. Linear 

regression of peak area versus concentration gave a coefficient 

of determination (R2) of 0.9969, ~ith slope of 930 and intercept 

of -7684. 

Precision of the method over the entire working range was 

determined by the analysis of replicate spiked samples. In 
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Figure 5. WR 2721 Concentration in Beagle Plasma as a Function 
of Post-Infusion Time 

Table 1 the concentration, number of replicates analy:?:ed and the 

relative standacd devlation (RSD) for each data set is presented. 

Average RSJ) for the method wa,; 6.6%. 

Accllracy or (:11e nwthod for plasma concentrations ranging 

from 1.89 to lllO g/ulL was determIned by the analysts of blind 

spiked plasma samples. 

determlnatlons was 4.4%. 

presented In Tahl,-" 2. 

Average deviatIon for eight 

Spike levels and measured levels are 

BIOLOGICAL APPLICATION 

Plasma levels of WR 2721 were monitored after two 

Intravenous dosings of a beagle dog. As shown til. Figure 5, the 

experiments gave essential Ly the same profile; from an in i t lal 

level of approximately 1000 jlg!mL, the drug level approached the 

assay sensitivity (-2 pg!mL) within 90 minutes. Samples taken 

after longer periods did not decay to the zero level and work Is 

in progress to increase sensitivity and to determine whether a 

10v7 level «1 pg!mL) interference was present. 
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SUMt11\RY 

A procedure for: the. analysj s of \ViZ 7.72.1 contained tn plaGmd 

has be(~n developed which cequirfo>s only a [;".;t- derivatiz<ltiJ)n 

reaction and HPLC separation. The method has been tested in 

pilot dosing (~xperiments 10,I11:h a beagle dog in which d t"ug Levels 

have been measured from 2 to 1100 pg/mL. Work is jn progr'2ss to 

extend the sensitivity of the method and to allow the use of a 

nonradiolabeled internal standard. 
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QUlIN'l'IIPNl'IVE DE lrEmnNA'l'ION 0)" IRON AND A-LUMINIUM 
IN SOME AlJLOYS AND SILICATE ROCKS .AFTER A CATION 

E~HANGE SEPARATION ON ZIICONIUM(IV) 
PHOSPHO AND SILICO ARSENATES 

ILG.Varshney, sanjay Agrawal and Kanak Varshney 
Analytical Laboratories 

Chemistry Section 
Z.H.College of Engineering and Technology 

Aligarh Muslim University, Aligarh .. 202001, India 

ABS'fRACT 

A rapid and quantitative methon has been developed 
for the analysis of some iron and aluminium based 
alloys and silicate rocks using zirconlum(IV) based 
arsenophosphate and arsenosilicate cation exchangers. 
The method is simple, reproducible ann precise with a 
standard deviation <. 3%, for the direct determination 
of iron and aluminium in rocks and alloys. The low 
standard deviation values suggest that the methOd 
should be useful for the standardization purposes. 

INTRODUC TION 

Analysi.s of alloys and rocks is important in 

chemical technology as the presence of various consti­

tuents play B vital role in their applications. 

Al though seve ral papers have earlier been publi shed in 

thts field using well known analytical techniques 

(1-5), the ion-exchange technique is more useful as it 

gives fast separation of the ionic species present. 

However such studies have been made mostly on organic 
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reshl (6,7) p abi been 1 ent 
reproducibility an stabil! 

Inorganic ton~.exC1H!ng~~rf! are ,,,ell known for theLr 

h selectivity for metal ions Bnd stability at 

elevated temperatures (8). Zircon1um(IV) arsenophos .. 

phate (ZAP) and Zr(IV) arsenostlicl'ite (ZAS) prepared 

in these laboratories (9,10) possess exceptionally 

gOOd chemical stability and reprOducibility in ion­

exchange behaviour which :t.mprove further for ZAP on 

heating. A possibility of using these materials for 

the quantitative separation of metal ions from their 

synthetic mixtures and from some real samples has 

already been explored earlier in these laboratories 

(10). The present article summarizes Our efforts for 

a quantitative separation of aluminium and iron from 

some alloys and rocks on thei r columns. 

EXPERIMENTAL 

Chemicals and Reagents 

Ziroonyl chlori.de used in these studies was of 

J. T.Baker Chemical Co .Philipsburg (USA), while td 

sodium orthophosphate was of BDH, Poole (London). 

Dt-sodium arsenate and SOdium silicate were E-Merck 

(Dermstadt) prOducts and all other reagents and 

chemicals were of ~'lnalaR grade. 

~aratus 

A pye unichem model SP-2900 atomic absorption 

spectrophotometer was used for the quantitative deter­

mination of various elements present in rOcks and 

alloys. 
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'l'hese mate:t'1.als were synthesIzed by the methods 

pO "'I'll (9,10 an WI" th rma tn) Le 

·putt:i.ng them lJt various temperatures for OTJ!':' hour each 

i.n a muffle furnace. They we re wa shed ·thoroughly wi th 

dil.HN0
3 

and then wi th demineralized water (DMW) till 

the effluents were free of any metallic or non meta.~ 

llie impur:l.ties as tested by atomic absorption spec-
+ trophotometry. The Na -ion-exchange capacities of 

various samples thus obtained are reported in Table 1. 
o 

On this basis a heated phase of ZAP upto 200 C 

(c4-ZAP) and normal ZAS were used for further studies. 

Distribution Studies 

The distrlbution coefficients (Kd) for various 

metal ions were determined as usual by the batch 

process on o(.-ZAP and ZAS (10). Table 2 shows a 
comparative statement of these values in D~W and 

HNOy " 

TAm .• E 1. 

IOll .. Exohange Cflpaci t.y of ZAP ano ZAS After Thermal 
Treatment 

Heating 
temperature 

('0) 

45 
100 
200 
400 
600 

Ion-exchange 
capacity 
( me q .1 d ry g.) 

ZAP ZAS 

% Retention in 
ion-exchange 
capaci ty 

ZAP ZAS 
.--------------------~--~------------

0.94 
0.95 
1.03 
0.94 
0.84 

1.30 
1.30 
1.25 
0.46 
0.20 

100.0 
101.1 
109.6 
:1.00.0 
89.4 

100.0 
100.0 

96.2 
35.4 
15.4 
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Ana 

A. ration of 

The ~"tan(la sol u tions 

:2xntheUc A].loy sa~~ 

Various metallic solutions were mixed in certain 

ratios so that they correspond to the actual metalLic 

proportions in the standard alloys. 

Standard Alloy samples 

An accurately weighed amount of the alloy was 

dissolved in a minimum amount of aquaregia followed 

by the dilution to a desi red volume 'I'll th DHW. 

Rock Samples 

Twenty milliliters of 15% NaOR were heated in a 

Ni-crucible until melted and then fused with 100 mg. 

of the sample for 5-6 minutes at dull red heat 
o 

("'600 C). The melt was cooled and 100 ml of DMW 

was added. After keeping overnight the liquid was 

transferred to a 1 liter volumetric flask containing 

40 ml of 1:1 HCl ano the volume made upta the mark 

with DMW. 

B. Separation and De ter'tlination of Fe (III) and Al (III t 
I t was done as follows: 

Two grams of the 60-100 mesh sized particles of the 
+ ion exchanger in H -form were packed in a glass tube 

having an in ternal diameter""'" 0.6 em and fitted wi tIl 

glass wool at the bottom. The sample solution (1-5 ml) 

was evaporated to almost nryness to remove the excess 

acid and the residue was dissolved in a small amount 

(1-3 ml) of DMW which was then loaded on the colunm. 
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All the elements except Al I'tntl Fe were eluted out 

e'i ther in Dl'ftt or O.OiM RNO:; (max.volume f"J 150 ml). 

These metals were then leachefl out with 1M HNO} (max. 

volume ,.....,100 ml) and determined quanti tatlvely by 

atomic absorptlon spectrophotometry. The observe-­

tions are summarized in Tables 3-5. 

RESUL'l'S AND DISCUSSION 

The essential feature of these studies is to 

use inorganic ion exchangers for the analysis of 

some alloys and silicat.e rocks. As it is clear from 

Table 2, the distribution behavior of ZAP is signifi­

cantly affected on heating. The heated phase of this 

material ~ZAP) becomes highly selective for Al (III) 

and Fe (III). Al so, zirconium(IV) arsenosilicate 

preferentially holds these two ions (10). This 

property of these two ion-exchangers has been succ­

essfully utilized for the separation and quantitative 

determination of Al (III) ane. Fe (III) in some alloys 

and silicate rocks. When a solution of these samples 

(synthetic Or real) is passed through the ion­

exchange colul1n1 wi til a very slow rate, only Al (III) 

and Fe(III) ions are retained and others are comple­

tely excluded by the column simply in DMW or 

o .OlM RNO:;. They are then eluted out in 1M RNO:,> e 

(Tables 3-5). The method is quite simple and 

requires much less time as compared to the classical 

methOds. Furthermore, quite a large number of sampleR 

can be analyzed using a single column because these 

materials have shown the excellent reprOducibility 

in thei r ion exchange behavior, and then ion 

exchange capacity is not affected even after several 
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recycling processes. Since ZAS has a high Kd value 

for Nt (II) ions it could not be used tor the separa­

tion of iron in the nickel containing steels. For 

such analyses, howeve r, 0<. -ZAP is qui te sui table 

(Tables 3,4). 
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BOOK REVIEl-J 

WILSON & WILSON'S COMPREHENSIVE ANA1"Y"fICAL CHEMISTRY VOLUME XIV: 
ION EXCHANGERS IN ANALYTICAL CHEMISTRY. THEIR PROPERTIES AND USE IN 
INORGANIC CHEMISTRY, M. Marhol, Elsevier, Amsterdam, $127.75 (US). 

This book comprises three parts. Part 1 introduces some of the 
basic concepts of ion exchange, the skeletal network, inorganic 
functional groups, selectivity, swelling, etc. The theoretical 
treatment of the exchange process is adequate. Part 2 has useful 
information on practical procedures for the characterization of ion 
exchange resins. the subject of instrumentation for ion exchange 
chromatography receives very light treatment and the little 
information that is supplied is quite out of date. Most of Part 2 
is devoted to a recitation of procedures where ion exchangers are 
used in essentially batch methods to effect separations. This 
section, too, is rather out of date. 

Since the book covers references up to 1978, it misses recent 
developments in inorganic chromatography that are having a major 
impact on inorganic analysis. Some of the applications raise 
questions as to their purpose. For example, "preparation of dilute 
carbonate-free solutions of sodium or potassium hydroxides" 
requires as a first step the conversion of a strong base anion 
exchanger to the hydroxide form with carbonate-free sodium 
hydroxide. What is the point of this exercise? 

Part 3 has a wealth of tables on cation and anion distribution 
coefficients in a great variety of media, diffusion coefficients, 
types of functionai"ity, trade names, etc. TiJ"isis, "in Illy op"inion, 
the most valuable part of the book and should be useful to those 
who regularly use ion exchange resins in their work. 

iluilli sh Sma 1 "I 
Dow Chemical USA 
Midland, Michigan 
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BOOK REVIEVJ 

ADVANCES IN THIN LAYER CHROMATOGRAPHY - CHEMICAL & ENVIRONMENTAL 
APPLICATIONS, J. C. Touchstone, ed., Wiley-Interscience, New York, 
1982, 521 pp., $55.00 (US). 

In comparison to gas chromatography, the development of the thin 
layer technique has been relatively modest. Nevertheless, major 
improvements have been introduced also in this relatively simple 
technique which help to retain its position in analytical chemistry 
and to utilize more fully its advantages. Among the recent 
developments in TLC, the introduction of narrow-classified normal 
and reversed-phase sorbents, and modifications of the development 
technique (including pressurized chambers) should be mentioned as 
well as the increasing use of auxilliary equipment such as 
densitometers (cf. for instance, ref. 1-3). 

The book edited by J. C. Touchstone is an illustration of these 
trends. It contains 41 communications and lectures presented 
during the Second Biennial Symposium on Thin Layer Chromatography 
held in December, 1980 at the University of Pennsylvania School of 
Medicine. As a typical proceedings volume, it is composed of a 
number of reviews on various aspects of TLC, systematic 
investigations of methodological problems (especially quantitative 
scanning with photometric or radiometric detectors) and brief 
reports of current work in clinical and environmental analysis. 
Most of the papers are concerned with quantitative evaluation of 
the thin-layer chromatograms. 

The \~ev"ie\,1 aY'ticles d"iscuss actual d"irections of development of 
TLC: applications of chemically bonded (silanized) adsorbents, 
preparative TLC, ion exchange systems in clinical analysis; the 
role of solvent type on selectivity is discussed. A series of 
investigations are concerned with the application of new scanning 
equipment for quantitative evaluation of chromatograms and 
systematic analysis of various groups of substances - steroids, 
lipids, mycotoxins, sulfonamides, bile acids, pesticides, 
polycyclic aromatic hydrocarbons. 

Novel techniques of TLC are illustrated in the papers. For 
instance, in a study on the analysis of mycotoxins, it is 
demonstrated that the combination of multiple and continuous 

1549 
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develolJment peY'lilits to imlJrove grc(ltly the sep(lr(ltion and 
quantitative analysis of complex mixtures. Several examples of 
automation of analysis are given. 

The content of tile book is a good rep)Oesentation of the present 
state of thin layer chromatography. It will be useful to those 
interested in quantiLative clinical and environmental analysis and 
biomedical research. 

1. A. Zlatkis and R. E. Kaiser, eds., High Performance Thin Layer 
Chromatography (HPTLC), Elsevier, Amsterdam--;l978. -- --~ 

2. W. Bertsch, S. Hara, R. E. Kaiser, A. Zlatkis, eds., 
Instrumental HPTLC, Dr. Alfred Huthig Verlag, Heidelberg, 1980. 

3. V. G. Berezkin, A. S. Bochkov, Quantitative Thin-Layer 
Chromatography, Instrumental Methods, (ln Russian), Nauka, Moscow, 
W80. -

Edward Soczewinski 
Medical Academy 
Lublin, Poland 
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LC NF.\~S 

HPLC FILTER is made of a ne\'! fluoropolymer membrane and is housed 
in solvent resistant polypropylene. It is pressure rated at 75 psi 
and is available in a 0.45 micron pore size. Gelman Sciences, 
Inc., JLC/83/8, 600 S. Wagner Rd., Ann Arbor, MI, 48106, USA. 

SEPARATIONS TECHNOLOGY FOR PHARMACEUTICAL PROCESSING is subject of 
a brochure that includes 38 applications involving membrane 
filtration, ion-exchange, reverse osmosis, ultrafiltration and 
HPLC. A flow diagram illustrates what separations problems can be 
solved in three specific categories: fine chemical manufacture, 
product formulation, and product packaging. Millipore Corp., 
JLC/83/8, 80 Ashby Rd., Bedford, MA, 01730, USA. 

FLAME IONIZATION DETECTOR FOR LC is said to overcome general 
limiLat'ions of jJrior "un -iversal" LC detectors. A rotat'ing disc, 
"ringed" by a fibrous quartz belt, conducts samples to a dual--flame 
ionization detector for analysis. Volatile solvent is vaporized 
and removed by vacuum. Solutes are carried into the FlO, and 
residual sample is then removed by hotter hydrogen/oxygen cleaning 
flames. Tracor Instruments, JLC/83/8, 6500 Tracor Lane, Austin, 
TX, 78721, USA. 

HPLC REAGENTS & COLUMNS are described in a new brochure. Included 
are buffers, ion pair reagents, derivatizing reagents, hardware, 
and solvents. Fisher Scientific Co., JLC/83/8, 711 Forbes Ave., 
Pittsburgh, PA, 15219, USA. 

LAB AUTOMATION SYSTEM FOR SAMPLE PREPARATION combines robotics and 
lab stations to automate procedures. The controller interfaces the 
operator with the robot. Software is menu-based and uses familiar 
1 abora tory terms. Zyma rk Corp. , JLC/83/8, Zymark Center, 
Hopkinton, MA, 01748, USA. 

APPLICATIONS GUIDE deals with sample preparation, highlighting 
background, principles, and techniques of solid phase extraction. 
The guide contains over 40 detailed procedures for preparing 
environmental, pharmaceutical, biological, food, and cosmetic 
samples, such as priority pollutants, crude oil, trace metals, 
aflatoxins, steroids, etc. J. T. Baker Chem. Co., JLC/83/8, 222 
Red School Lane, Phillipsburg, NJ, 08865, USA. 
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ITR~1ENTJ\TI ON UROl II /iNAUS J S by i on chroma tography penni ts 
determination of anions, cations, organic acids, and transition 
metals. Many broths can be injected directly following filtration. 
f)'ionex Corp., Jl.C/83/8,1?281 Han vJay, Sunnyvale, CA, 94086, USA. 

HPTLC/TLC BIBLIOGRAPHY SERVICE is avai lable free of charge. 
Publications may he included hy mailing to the puhlisher. Applied 
AnalyUcal Industl"ies, Inc., JLC/83/8, Route 6, Box 55, \~nrnington, 
NC, 28405, USA. 

DETERGENT REMOVING GEL is an affinity chromatographic support that 
selectively removes detergents from protein solutions, with 
proteins being recovered in virtually 100% yields. The support can 
be regenerated for repeated use. Pierce Chemical Co., JLC/83/8 P. 
O. Box 117, Rockford, IL, 61105, USA. 

AUTOMATED LC SAMPLE PREP/INJECTION SYSTEM combines solid-phase 
sample preparation and syringeless injection into a single 
operation. Sarnples are extracted by sorbent cassettes that 
selectively isolate and concentrate compounds of interest. 
Analytichern, International, Inc., JLC/83/8 24201 Frampton Avenue, 
Harbor City, CA, 90710, USA. 

ANALYSIS OF FATTY ACIDS in cooking oils, lipid extracts, etc. 
necessitate an efficient separation approach prlor to their 
quantitation in the laboratory. Previously accomplished by gas 
chromatography with derivatization, high resolution results are 
obtained with HPLC, particularly in analyses of rape seed oil and 
tall oils. Free acids are determined at the microgam level, and 
derivatized acids are determined at the nanogram level. Pye 
Unicam, Ltd., JLC/83/8 York Street, Cambridge CB1 2PX, England. 

CHROMATOGRAPHY CATALOG introduces a new range of computer products 
designed for the chromatography laboratory, and many new HPLC 
pack'ing materials. Alltech Associates, 1nc., JLC/83/8 2051 
\'iaukcgan Rei., Deerf'ie1r1, 1L, 60015, USA. 

GLASS LAYER-COATED STEEl. COLUMNS are available in 250, 125, 50, and 
2b mOl lengths (4 IInll ID). The inert character'ist ics of the column 
are maintained via use of ceramic/teflon seals. The columns are 
said to be ideal for separations that require short columns to 
achieve separations in seconds vs. minutes. EM Science, Inc., 
JLC/83/8 480 Democrat Rd., Gibbstown, NJ, 08027, USA. 

SINGLE COLUMN ION CHROMATOGRAPHY is the subject of a free 
newsletter which includes articles on applications, methods 
optimization, and system troubleshooting. SCIC is the new 
~ec~nique that applies HPLC technology to the analysis of dissolved 
10nlC substances. Wescan Instruments, Inc., JLC/83/8 3018 Scott 
Blvd, Santa Clara, CA, 95050, USA. 
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1983 

JUNE 27 ., JULY 1: 3rd Symp. on Separation Sci. & rechnol. for 
Energy Applicat'ions, Gatlinburg, Tenll. Contdct: A. P. 
Malinauskas, Oak Ridge Nationa'i Lab., P. O. Box X, Oak Ridge, TN, 
37830, USI\. 

JULY 11-14: IUPAC Prague Meeting on Macromolecules, Prague. 
Contact: PMM Secretariat, Inst. of Macromolec. Chem., 16206 Prague 
6, Czechoslovakia. 

JULY 17-23: SAC 1983 International Conference and Exhibition on 
Analytical Chemistry, The University of Edinburgh, United Kingdom. 
Contact: The Secretary, Analytical Division, Royal Society of 
Chemistry, Burlington House, London WIV OBV, United Kingdom. 

JULY 27-30: 3rd Int' 1. Flavor Conf., ACS, The Corfu Hilton, 
Corfu, Greece. Contact: S. S. Kazeniac, Campbell Inst. for Food 
Res., Campbell Place, Camden, NJ, 08101, USA. 

AUGUST 10,-12: 22nd Canadian High Polymer F())'um, Un'iv. of 
~Jaterloo, Canada. Contact: A. Garton, NRC of Canada, Div. of 
Chem., Ottawa, Ont., Canada, KIA OR6. 

AUGUST 14-19: 25th Rocky Mounta in Conference, Denver Convent i on 
Complex, Denver', Color'ado. COlltdct: r,. A. Ilrovsky, Rockvwl/ 
International, P. O. Box 464, Golden, CO, 80401, US/\. 

/\UGUST 15,19: Coal Science: 1983 Int'l Conference, PittsbuY'Cjh, 
P/\. Contact: N. tvlacen, J\'!i< Int'l C01'p., 275 ClIrY'Y 1101"1(1\'1 i~Oilc1, 
P-ittsburgh, 1)/\, 15236, US/\. 

AUGUST 22-26: 7th Australian Symposium on /\nalytical Chemistry, 
Adelaide, Australia. Contact: D. Patterson, AMDrL, P.O.Box 114, 
Eastwood S.A. 5063, Australia. 

AUGUST 26 SEPTEMBER 2: I nt' 1. Symp. on So 1 vent Extract ion, 
Denver, CO. Contact: D. Nowak, ArChE, 345 E. 47th St., New York 
NY, 10017, USA. 
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I\UGIISI 213 :;II'ITHI)EI:;' llilll'/oriel PuL)'olollll1 Con(jI'oss, lonciol1, 
r: 0 n t i) C 1" : ilillr' r , PC' I \" "I Ins t. " ? 10 1 L S L, I'I. vJ., \,1 as Ili 11 q ton, DC) 
<'UO]/, US!L 

/\UC;U'; I?H SII' ITHlll !, I\Ce, 
Contact: I\, T, \'i\n'L(0(1,1, lice; 
?OC3f) , US/\, 

IHC;ill 1'1,' i '1 !\I('(~t. illCj, \'i()shillql.nn, !JC, 
Il( , 1 I~) I, 16 I. h S L " N \'1, v! a s hi n CJ Lon, 

AUGUSI 29 ,- StY I 1:1'1131:1<. 2; if til Uanuoe Sympusi Ulll on CllrolJla tog,'apily & 
!til I'nt'l. SYlllpos. on Advances & Applications of Chromatography 
in Indudtry, Bratislava, Czech. Contact: D,'. J. Relllen, Anal. 
Sect., Czech. Scientific & Technical Soc., Slovnaft, 823 00 
Bratislava, Czechoslovakia. 

SEPTEMBER 25-30: Federation of Anal. Chern. & Spectroscopy 
Societies (FACSS) Conf., Philadelphia. Contact: M. O'Brien, 
Merck, Sharp & Dohme Res. Labs., West Point, PA, 19486, USA. 

OCTOBER 2-6: 97th Annual AOAC Meeting, Shoreham Hotel, 
Hashington, DC. Contact: K. Fominaya, AOAC, 1111 N. 19th St., 
Suite 210, Arlington, VA, 22209, USA. 

OCTOBER 3-5: Chemexpo '83, Harbor Castle Hilton Hotel, 
Ont., Canada. Contact: ITS Canada, 20 Buttcrick Rd., 
Ont., Canada, M8W 378. 

Toronto, 
Toronto, 

OCTOBER 3 - 6: /\dvances 'in Chromatography: 20th Int'l Symposium, 
,ilmsterdam, The NGtherlands. Contact: 1\. Zlatkis, Chem. Dept., 
University of Houston, Houston, TX, 77004, USA. 

OCTOBER 12-'13. 8th Annual Baton Rouge Anal. Instrum. Disc. Grp. 
Sympos., Baton Rouge, LA. Contact: G. Lash, P. O. Box 14233, 
Baton Rouge, LA, 70898, USA. 

OC10BER 12-1'[: l\ndlyticon'83 - Conferellc(~ lor /lna'lytical Science, 
sponsored by the Royal Soriety of Chemistry and the Scientific 
Instrument Manufacturers' Ass'n of Great Britain, Barbican Centre, 
London. Contact: G. C. Young, SIMA, Leicester House, 8 Leicester 
Street, London WC2H 7BN, England. 

NOVEr~[3[R 3-4 /ICSI8th M'idvlest I{egional MeeL ing, Lawrence, Kansas. 
Contact: \'1. G)"indstaff, S\'I MisSOLWi State Univ., Springfield, MO, 
65802, USA. 

NOVEMBER 9-11: ACS 34th SE Regional 
Contact: J. M. Fredericksen, Chem. 
Davidson, NC, 28036, USA. 

Meeting, Charlotte, NC. 
Dept., Davidson Co'ilege, 

NOVEMBER 14-16: 3rd Int'l. Sympos. on HPLC of Proteins, Peptides 
and Polynuc'leotides, Monte Carlo, Monaco. Contact: S. E. 
Schlessinger, 400 East Randolph, Chicago, IL, 60601, USA. 
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NDVi]vll:11'R Hi Hl' FilS ('rn /111 a "Iyticili SympO';illlll, NevI Yor'k SLal:l<'r 
Hotel, Nevi York City. ConLact: S. David 1<10111, fvlt:n:k &" Co., I', D, 
Rox ~DDO, Rahway, NJ, D/06S, USA. 

ICJBIJ 

FEBRUARY 12-16: 14th AusLy'alian Polymer' SYlliposiUlII, Old Ballarat 
Travel Inn, Ba"llarat, Australia, sponsored by the Polymer Div., 
Royal Australian Chemica"1 Inst. Contact: Dr. G. B. Guise, RAC] 
Polymer Div., P. O. Box 224, Belmont, Victoria 3216, Australia. 

APRIL 8-13: National ACS Meeting, SL. Louis, MO. ~onLact: 
Meetings, ACS, 1155 16th Street, NW, Washington, DC, ~OU~G, USA. 

MAY 2D - 26: 8th I nt 1. Sympos"i urn on Co 1 umn L i qui d Chrolila tography, 
Ne\'1 York Statler Hotel, New York City. Contact: PlOOf. Cs. 
Horvath, Yale University, Dept. of Chern. Eng., P. D. Box 2159, 
Yale Stn., New Haven, CT, 06520, USA, 

AUGUST 26-31: Nat"ional ACS IvJeeting, PIl"iladelphia, PA. Contact: 
Meetings, ACS, 1155 16th Street, NW, Washington, DC, 20036, USA. 

OCTOBER 1-5: 15th I nt' 1. Sympos. on Chromatography, 
West Germany. Contact: K. Begitt, Ges. Deutscher 
Postfach 90 04 40, D-6000 Frankfurt Main, West Gerlilany. 

1985 

Nurenberg, 
Chemiker, 

FEBRUARY 11-14: Polymer 85, Int'"1 Symposiulll on Characterization 
and Analysis of Polymers, Monash University, Melbourne, Australia, 
sponsored by Lhe Polymer Div., Royal Austl"alian Cheillical InsL. 
Contact: Polymer 85, RACI..I91 Royal Parade, Parkville Vict.oria 
3052, Australia. 

APRIL 28 MAY 3: 189th National ACS Meeting, Miami Beach, 
Contact: A. T. vlinstead, ACS, 1155 16th Street, Nvl, vlashington, 
DC, 20036, USA. 

SEP1"EMBER 8-13: 190th National ACS Meeting, Chicago. Contact: A. 
T. Winstead, ACS, 1155 16th Street, NW, Washington, DC, 20036, USA 

1986 

APRIL 6-11: 191st National Am. Chern. Soc. Mtng., Atlantic City, 
NJ. Contact: A. T. Winstead, ACS, 1155 16th Streeet, N\~, 
Washington, DC, 20036, USA. 
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SEPII:l'-115IJ( 712,192,1<1 Niltiolli\l /\111, CfWIIL S(IC Htrl') ' , {Inilhf'im, 
Co'IiL Contact: II. T. \'i'instpad, /\CS,II~)!:i 16th Strr,et, NvJ, 
vjcl :;11 i I1gtOil, DC, 20(j36, US/I 

I 'JBI 

I\PRIL 5-10: i93rd National Am. Chern. Soc. IvILllg., Denver, Co'io. 
Contact: A. T. VJinstead, ACS, 1155 16th Street, NH, I-iashington, 
Ill:. 20036, USA. 

AUGUST 30 - SEPTEMBER~: 194th National Am. Chern. Soc. Mtng., New 
Orleans. I {I, Contact: A. T. \~instead, ACS, 1155 16th Street, NI-J, 
Washington, nc, 20036, USA. 

The ,Journal of Liqu'id Chromatography will publish 
announcements of interest to liquid chromatograpilers 
in every issue of the Journal. To be listed in the 
LC Calendar, we will need to know: Name of the 
meeting or syrnpos-iulll, sponsoring orgal1'iz<ltion, I'lhen 
and where it will be held, and whom to contact ror 
additional details. You are invited to send 
announcements La Ik. Jack Cazes, EdHor, Journa 1 of 
Liquid Chromatography, P. O. Box 1440-SMS, Fairfield, 
CT, 06430, USA. 
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t HE EXPLOSIVE GROWTH of chromatog­
raphy has made it difficult for any 

single person to maintain a coherent 
view of progress in the field. Individual 
investigators trying to preserve even a 
moderate awareness of advances must 
rely upon responsible surveys, rather 
than attempting to read the avalanche 
of original research papers. 

This continuing series presents critical, 
current reviews, written by noted au­
thorities, of the most important devel­
opments of chromatographic science. 
The wealth of literature, even in spe­
cialized areas of chromatograpny, is 
so great that in these superb volumes 
recognized experts separate hard-core 
advances from the overwhelming mass 
of supporting evidence and data. The 
authors summarize and c1evelop self.· 
contained evaluations of various fac 
ets and trends in research, putting 
their subject matter in to perspective. 

Volume 21, like its predecessors, pro­
vides up-to-the-minu te coverage of 
topics of contemporary interest, in­
cluding 

• quantitation in trace analysis by GC, by the 
renowned expert, Josef Novak 

• HPLC/MS instrumentation and applications, 
one of the fastest growing chromatographic 
techniques 

• the use of capillary columns in LC, an ap­
proach tha.t lowers costs, speeds analyses, 
and affords ultra high resolution 

• droplet counter-current chromatography, a 
newly developed partition chromatography 
method 

• chromatographic determination of copoly­
mer composition, expanding the range of 
chromatographic applications 

These volullles are of utmost illlerest to 
all researchers who need to use separa­
tion techniques effectively--especially 
analytical, organic, and physical chem· 
ists; biochemists; biomedical research­
ers; clinical chemists; polymer scien tists; 
environmen tal scien tists; as well as sci­
entists in academia, government, hos­
pitals, anel industry, both in research 

I and quality control. 



II\lSTHUCTIONS FOH PREPARATION OF MANUSCr~IPTS 
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Journal of Liquid Chromatography is a birnonthly 
publication in the English language for the rapid com­
mUnIcation of lIquid ChrOrni:HOumphlc rp.sf-~(Jrch. 

Directions for Submission 

One typewritten manuscript suitable for direct 
reproduction, carefully inserted in a folder, and two 
(2) copies of th~ manuscript must be submitted. Since 
all contrtbutionsare reproduced by direct photography 
of the manuscripts, the typing and format instructions 
must be strictly adhered to. Noncompliance will result 
in return of the manuscript to the authors and delay 
Its publicatIOn. To avoid creaSIIl9, manuscripts should 
be placed between heavy cardboards and securely 
bound before mailing. 

Manuscripts should be mailed to the Editor: 

Dr. Jack Cazes 

Journal of liquid Chromatography 

P. O. Box 1440-SMS 
Fairfield, Connecticut 06430 

Reprints 

OWing to the short production time for articles In 
this journal, it is essential to indicate the number of 
reprints required upon notification of acceptance of 
the manuscript. Reprints are available in quantities 
of 100 and multiples thereof. For orders of 100 or 
more reprints, twenty (20) free copies are provided. 
A reprint order form and price list will be sent to the 
author with the notification of acceptance of the 
manuscript. 

Format of Manuscript 

1. The general format of the manuscript should be 
as follows: title of article; names and addresses of 
authors; abstract; and text discussion. 

2. Title and Authors: The entire title should be ill 
capital letters and centered on the width of the typing 
urea at lea$l 2 Illehes (G.l eln) frol11 lilC top of tile 
page. ThiS should be followed by three lines of space 
and then by the names and addresses of the authors in 
the follOWing way (also centered): 

A SEMI-AUTOMATIC TECHNIQUE FOR THE 
S[PAI'lATION I\ND DEn::I1MINJ\TION or' 

BARIUM AND STHONrlUM IN SURFACE WAl ERS 
rJY ION EXCHAN(,F CllROM/\ TOGRAPI'IY AND 

ATOMIC EMISSION SPECTROMETRY 

F. D. Pierce and H. R. Brown 
Utah Biomedical Test Laboratory 

520 Wakra Way 
Salt Lake City, Utah 84108 

3. Abstract: Three Imes below the addresses, the 
title ABSTRACT should be t\'ped (capitalized and cen­
tered on the pane). This shoulei be followed by a 
single-spaced, conCise, abstract comprrsing less than 
10% of the length of the text of the nrtlcle. Allow three 
lines of space below the abstract before beginning 11H) 
article Itself. 

4. rex1 DISCUSSion: Whenever pOSSible, the text diS­
cussion should be diVided into such major sections as 
I N'I HO[)UC rleJl\l, MAl f'H IA I,S, M,'THOI1S, R ['. 
SULTS, DISCUSSION, ACKNOWLEDGMENTS, and 
F{EFF..RENCES. These major headings should be sepa· 
l<?lwd from the H~xl by two Iitles of space above and 
one line of spaCf: below. Each heuding should be in 
capital Jetter~, centered, and underlined. Secondary 
headlllgs, If any, should be flush With the left rYlargln, 
underscored,and have the fIrst letter of all maHl words 
capItalized. Leave two lines of space above and one 
line of space below secondary headings. 

5. Paragraphs should be Indented five (5) typewrltel 
spaces. 

6. Acknowledgment of collaboration, sources of re­
search funds, and address changes for an author should 
be listed in a separate section at the end of the paper. 

7. References (including footnotes) In the text will 
be numbered consecutively by numbers in parentheses. 
All references (and footnotes) should then be aggre­
gated in sequence at the end of the communication. 
No footnotes should be shown at the bottom of pages. 
The reference list follows Immediately after the text. 
The word nEFEHENCl.::.S shoulu be cilpltallzed anu 
centered above the reference list. It should be noted 
that all reference lists should contam initials and flames 
of all authors; et al. will not be used In reference lIsts. 
AbbreViations of Journal titles and styles of reference 
lists Will follow the American Chemical Society's 
Chemical Abstracts List of Periodicals. References 
should be typed single-sp<1ced With one line space be­
tween each reference. 

8. Each page of manuscript should be numbered 
lightly at the bottom of the sheet with a light blue 
pencil. 

9. Only standard symbols and nomenclature ap­
provf!d hy tlw Int(~rnatlon(ll lJnlon of Pure clrld I\p­
piled Chemistry should b(~ used. 

10. Any material that C8nnot be ty[")ed, such as Greek 
letters, SCript letters, and structural formulae, should 
be drawn cDrdully In black IncliD ink (do not use blue 
Ink). 

Typinn Instructions 

The manuscript rnust be 1ypewrrtWn on good 
quality white bond paper measurlllg approximately 8Y2 
x '11 Inches (21.6 ern x 27.9 ern). Do not use Corrasi­
ble bond 01 its eqUivalent. The typing area of the 
article openmg page, including the title, should be 5% 
Inches Wide by 7 inches deep (14 cm x 18 cm). The 
typing area of all other pages should be no rnore than 
5% Illches wide by 8% Inches deep (14crn x 21.6crn). 

2. In fJ8lwrnl, the ch8plcr title and the 3bstrclCt, os 
well as the tables and references, 8re typed slngl(~­

spaced. All other text olscusslon should be typed 1 % 
line spaced, If available, or douhl(~-spact;d. Presllue elIte 
characters ('12 per Inch) ilrc recommended, If aVLlllr-lb!c. 



3. It IS essefltiul to lise black typewriter ribboll (car­
bon film is preferred) ill good cOllditiol1 so that acleulI, 
clear impression of the letters is obtained. l:rasure 
rniJrks, slnuuues, Cleases, etc., /llay result ill return of 
the manuscript to the authors fOI retyping. 

4. Tables should be typed as part of the text but in 
such (l way as to separate them from the tex t by a 
thlee lille SjHICe <11 both top and bottOln of celeh tnble. 
Tables should be inserted in the text as close to the 
poult of reference as possible, but authors must make 
sure that olle table does not run ovel to the next paf.J€, 
that is, no table Illay exceed one page. fhe' word TA­
BlF (capitalized and followed by an Arabic number) 
should precede the table and be centered on the page. 
The table title should have the first letters of all main 
words III capitals. Title::. should ve typed single-spaced. 
Use the full width of the type page for the table title. 

5. Drawings, graphs, anu othel numbered figures 
should be professionally drawn in black India ink (do 
not use blue Ink) on separate sheets of white paper and 
placed at the end of text. Figures should not be placed 
within the body of the text. They should be sized to 
f't within the width and/or height of the type page, 
including any legend, label, or number associated with 
them. Photographs should be glossy prints. A type­
writer or lettering set should be used for all labels on 
the figures or photographs; they may not be hand 
drawn. Captions for the pictures should be typed single­
spaced on a separate sheet, along the full width of the 

type P<JUe, i)nd preceded by the woru r= I GUR E and i) 
11Uflluer ill <JraiJic flu/lunals. All figures <Jnu lettering 
!nust be of i) size to remain legible ()ftel a 20% reduc­
tion frolll.origifltli SiLf~. l:i~JLJre IILJlniJufs, ni)fllC of s8niol 
author, and arrow indicating "top" should be written 
in light blue pellcil on the back or typed on a gummed 
label, which should be attached to the back of the 
illustration. Indicate approximate placement of the il­
IlIstrcHiolls in tile text by iJ Itl'lrginnl note in linht blue 
pencil. 

6. r he reference lisl should be typed single-spaced 
although separated from one another by an extra line 
of space. Use Chemical Abstract abbreviations for jour­
nal titles_ References to journal articles should in­
clude (1) the last name of all author(s) to anyone 
paper, followed by their initials, (2) article title, (3) 
journal, (4) volume number (underlined), (5) first page, 
and (6) year, in that order. Books should be cited 
similarly and include (1) author, surnarne, first and 
middle initials, (2) title of book, (3) editor of book (if 
applicable), (4) edition of book (if any), (5) publisher, 
(6) city of publication. (7) year of publication, and (8) 
page reference (if applicable). E.g., Journals: CrClig, 
L. C. and Konigsber. W., Use of Catechol Oxygenase 
and Determination of Catechol, Chromatogr., 10,471, 
1963. Books: Albertsson, P. A., Partition of Cell Parti­
cles and Macromolecules, Wiley, New York, 1960. 
Article in a Book: Walter, H., Proceedings of the Pro" 
tides of Biological Fluids, XVth Colloquim, Pteeters., 
H., eds .. Elsevier, Amsterdam, 1968. p. 367. 
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I LSON 
Announcing 

the 201·8 
Microprocessor 

Controlled 
Fraction Collector 

We took our popular 
201 Fraction Collector 

and added more features advances the art 
ottraction 
collectin!l ... 

to make fraction collecting 
even more versatile and 

affordable than ever. The 
201-8 has all the features 
of the original 201, plus ... 

a!lain. • New peak detection algorithm combines slope with level 
detection . 

• New program mode lets you include peak, time and drop 
selections within the collection window. 

• New user-selectable, free vessel programming allows cc 
lection Into vessels of virtually any size or shape. 

• New multicycle mode for repetitive collections of the same 
or different samples. 

• New editing capabilities of operational parameters during 
a run . 

In all there <Ire twelve collection modes and eight rack 
configurations for collection into microtiter plates, 

SCintillation vials, 13 and 18 mm tubes and a 
multipurpose rack. 

And, our new lower price of $1950* makes 
the easy-to-use collector easy to own. 

Contact us for complete information. 

"For U.S. shipments on' 

Circle Reader Senrice Card No. 117 
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