
277 

Journal of Chromatography, 375 (1986) 277-283 
Bzomedlcal Appbcatzons 
Elsevler Science Pubhshers B V . Amsterdam - Prmted m The Netherlands 

CHROMBIO 2939 

SMALL-COLUMN CHROMATOFOCUSING OF CEREBROSPINAL FLUID 
AND SERUM IMMUNOGLOBULIN G 

PAOLO GALLO, OVE OLSSON and AKE SIDEN* 

Department of Neurology, Karolmska Institute, Huddmge Unwerslty Hospztal, 
S-141 86 Huddmge (Sweden) 

(First received February 20th, 1985, revised manuscript received October 31st, 1985) 

SUMMARY 

Chromatofocusmg performed by the Pharmacla fast protein hquld chromatographlc 
system eqmpped urlth a specmlly deslgned small column was apphed for exammations 
of submllhgram quantltles of cerebrospmal fluid and serum lmmunoglobuhn G The separa- 
tions were based on a pH gradient between 9 5 and 6 0 Mono- or ohgoclonal lmmuno- 
globulm G components havmg pZ values wlthm the optunal workmg range of the gradlent 
were easily Identified and the findmgs dlffered clearly from those of normal lmmuno- 
globulm G The capacity to detect abnormal lmmunoglobuhn G components compared well 
mth previous experiences from the commercmlly avadable Mono P column The small 
column offers advantages by havmg a shorter separation time, a decreased ddutlon of sample 
m the eluate and a lower consumption of start and eluent buffers 

INTRODUCTION 

Chromatofocusmg is based on the elutlon of an amon exchanger adJusted to 
a certam pH, with a mixture of amphoterlc buffers adjusted to a different pH 
[l-4] This results m the formation of a pH gradient and the sample molecules 
are eluted and focused on the basis of a well defined physlcochemlcal 
parameter, the lsoelectrlc point (pl) 

The technique 1s promlsmg for analytical and preparative separations of 
proteins in blologlcal fluids. It combines a high resolvmg capacity, glvmg peak 
wrdths m the pH range 0 04-0.05, with a relatively fast and easy performance 
Experiences from studies of lmmunoglobulm G (IgG) m the cerebrospmal fluld 
(CSF) and serum by use of commercially avdable equipment have been 
encouragmg [5, 61 This paper goes data from chromatofocusmg, usmg a 
specially designed small column, of CSF and serum W&I normal IgG, CSF 
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with mtrathecally synthesized ohgoclonal IgG and sera exhlbltmg IgG mono- 
clonal (M) components 

EXPERIMENTAL 

Fifteen poured CSF and serum samples, as well as twenty sera, were selected 
for the study All samples were exammed by lsoelectrlc focusmg including 
unmunoblottmg of IgG [7, 81, the albumm and IgG concentrations were 
determined [9] and the CSF/serum albumm ratlo as well as the CSF IgG mdex 
[lo] were calculated for the CSF samples The results of these examinations 
are summanzed m Table I The total IgG concentrations of the CSF and serum 
samples were 16-438 mg/l and 6-32 g/l, respectively There were five paired 
CSF and serum samples with normal IgG patterns on lsoelectrlc focusmg, the 
CSF IgG index and CSF/serum albumm ratio gave normal results m all but one 
case, which exhibIted a CSF/serum albumm ratio consistent with a slight blood- 
bram barrier dysfunction The remammg ten palred CSF and serum samples 
showed a number of ohgoclonal CSF IgG bands not referable to serum changes. 
These CSF samples showed spectra of s1x to fourteen IgG bands covering a pH 

TABLE I 

BASIC DATA OF THE MATERIAL EXAMINED BY CHROMATOFOCUSING 

There were 15 CSF samples (10 samples urlth ohgoclonal IgG and 5 normal samples) and 
35 sera (15 samples with monoclonal IgG, 5 normal sera and 15 sera collected m pairs urlth 
the CSF samples) The frequencies of the quantltatlve data and the findings of lsoelectrlc 
focusing are given as the number of samples (n) The occurrence of mono- and ohgoclonal 
IgG on lsoelectnc focusing 1s labelled as “abnormal bands” 

Quantitative data Frequency Frequency on lsoelectrlc focusing with 
(n) lmmunoblottmg of IgG (n) 

Normal pattern Abnormal bands 

CSF samples 15 
IgG index* 

GO7 6 5 1 
08-13 4 4 
14-3 6 5 5 

CSF/serum albumin ratio** 
<5 5 8 4 4 

56- 75 3 3 
76-111 4 1 3 

Serum samples 
IgG level*** 

< 10 g/l 
11-15 g/l 
16-32 g/l 

35 

13 13 
13 7 6 

9 9 

*Increased when > 0 7 
**Age-dependent, slightly Increases m 3 samples 1 urlth normal IgG and 2 with ohgoclonal 
IgG bands 
***Increased when > 15 g/l 
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range of 1.0-2.5 mthm the pl reson of pH 6.5-9 5 There was an elevation 
of the CSF IgG mdex m all but one case, the CSF/serum albumin ratio was 
normal m eight of the samples and slightly increased m two cases Fifteen 
sera exhibited IgG M-components gnmg isoelectric focusmg patterns with 
three to eight IgG bands wlthm a pH range of 0.2-1.0 and these band spectra 
were situated m the pl region of pH 6 4- 9.0 The total IgG concentration was 
normal m six samples and elevated m mne cases Fmally, there were five sera 
with normal fmdmgs after lsoelectrlc focusmg and determmatlon of the IgG 
concentration. 

Chromatofocusmg was performed by using the fast protern liquid chromato- 
graphy (FPLC) system (Pharmacla Fme Chemicals, Uppsala, Sweden) with a 
GP-250 gradient programmer, two P-500 pumps, a V-7 valve, a UV-1 smgle- 
path momtor, an REC-482 two-channel recorder and an FRAC-100 fraction 
collector A specially deslgned small column was used that had been prepared 
by the manufacturer of the FPLC system according to mstructlons from the 
authors (P.G. and AS.) 1 ml of MonoBeds with Polybuffer exchanger 94 
packed m an HR 5/5 column (Pharmacla Fme Chemicals), back-pressure 
approx 10 bar (1 MPa) at a flow-rate of 1 0 ml/mm. The starting buffer was 
0 025 1w dlethanolamme titrated to pH 9 5 with hydrochloric acid. Three dlf- 
ferent eluent composltlons were used, which were prepared from Polybuffer 96 
(Pharmacla Fme Chemicals) with or mthout addition of Pharmalyte 8 O-10.5 
(Pharmacla Fme Chenucals). 10% (v/v) Polybuffer 96 titrated to pH 6 0 with 
hydrochlonc acid, 5.2% (v/v) Polybuffer 96 with 1% (v/v) Pharmalyte 
8.0-10 5 and titrated to pH 7 0 or 8 0 with hydrochloric acid. All solutions 
were filtered through a sterile 0.45-pm flier (Analytical filter unit, type A. 
Nalgene Labware Department, Rochester, MN, U S A ) and degassed The 
samples were dehpldated by chloroform extraction addition of an equal 
volume of chloroform to the sample m a glass test-tube, thorough agitation 
and, 30 mm later, centrlfugatlon at 1460 g for 10 mm The sera were diluted 
wrth 0 15 M sodium chloride to an IgG concentration of 1 mg/ml and the CSF 
samples were concentrated to the same level by vacuum ultrafiltratron (Ultra- 
hiilsen, UH lOO/lO, Schlelcher & Schiill, Dassel, F R G ). Prior to application 
on the column, the samples were diluted 1 5 m startmg buffer (giving an IgG 
concentration of 0 2 mg/ml) and filtered through a sterile 0 2-pm filter 
(Acrodlsc, Gelman Sciences, Michigan, MI, U S A ) The column was loaded 
with 0.1 mg of IgG via a 0.5-ml sample loop. Separation was performed at a 
flow-rate of 0 25 ml/mm urlth 2 ml of starting buffer followed by 15 ml of 
the eluent and finally 2 ml of starting buffer A chart speed of 0.25 cm/mm 
was used for the recorder and the optical density of the eluate was measured 
at 280 nm. The reference cell of the UV monitor was filled with the eluent and 
the range selector was set at 0 05-O 1, the lower sensltlvlty (0 1) was needed 
to prevent peaks from bemg too high when samples with prominent IgG com- 
ponents were exammed. Determmatlon of the slope and lmearlty of the pH 
gradlent was performed by fraction collections (l-ml fractions) and pH measure- 
ments on each mdlvldual fraction Duplicate separations and blank runs were 
performed regularly m order to control the reproduclblhty and background 
absorbance After each run, the column was regenerated with three mJectlons 
(1 ml each) of 70% (v/v) acetic acid and three mJectlons (1 ml each) of 2 M 
sodium chloride, followed by equlhbratlon with starting buffer 



RESULTS 

The protein capacity of this chromatofocusmg system is m the range 5-10 
mg per column, but since the present study included exammations of CSF, it 
had to be based on much lower protein quantities A total amount of 0.1 mg of 
IgG per sample IS a reahstic amount m CSF exammations and the separation 
program was designed on the basis of this quantity It also proved possible to 
detect abnormal IgG components with sample loads of 0 05 and even 0 025 mg 
of IgG, in these cases, the range selector was set at 0 05 or 0 02 The chro- 
matofocusmg program was based on a pH gradient formed by the use of 
diethanolamme l HCl (pH 9.5) as startmg buffer and Polybuffer 96 l HCl 
(pH 6 0) as eluent Narrower gradients were also used for some samples (vide 
mfra). Different eluent concentrations were tested m order to find the com- 
position giving an optimal ratio between background absorbance and the 
volume needed to form the pH gradient High eluent concentrations allow the 
formation of the pH gradient with low volumes; this reduces the dilution of the 
sample m the eluate, as well as the separation time However, the background 
absorbance is increased to a degree that was found unsuitable for the maJonty 
of samples, especially those with normal IgG There will also be a steep pH 
gradient unless the flow-rate is reduced The concentrations recommended for 
the commercially available Mono P column were found to be convenient also 
for the present system. Flow-rates of 0 25,0 5 and 1 0 ml/mm were compared 
The flow-rate of 0 25 ml/mm gave the best resolution and was, m spite of the 
longer separation time, chosen for the chromatofocusmg program. An easy 
identification of abnormal IgG components was, however, possible also when 
using the higher flow-rates Inn&l start buffer volumes of 2 ml of 0.025 M 
diethanolamme - HCl (pH 9 5) were found to give an adequate wash-out 
of substances not bound to the column. The elutions were performed with 
15 ml of 10% Polybuffer 96 - HCl (pH 6 0), which brought the pH of the 
eluate down to 6 0. 

The chromatofocusmg program described in Experimental was designed on 
the basis of the expenments mentioned above. It gave reproducible linear pH 
gradients, regularly performed duplicate separations of the samples exhiblted 
a high run-to-run concordance The ratio between background and sample 
absorbance was compatible with the present analytical application of the 
method. Generally, the maJor peaks of the chromatofocusmg profiles appeared 
m the volumes between approx. 3 and 9 ml after nntiation of the elution with 
Polybuffer. These malor components were mostly followed by smaller peaks in 
the remaining elution volumes Some minor peaks could occur within the range 
of ca. 1 ml pnor to the maJor peaks Obvious differences were observed when 
the chromatofocusmg profiles of normal IgG were compared with those of 
samples exhibiting mono- or ohgoclonal IgG components. These latter IgG 
components, having a restricted pl heterogeneity, gave distinct individual 
peaks In contrast to this, samples with normal polyclonal IgG gave smoother 
chromatofocusing profiles because of the more even heterogeneity within the 
distribution of IgG 

The fmdmgs from chromatofocusmg of paned CSF and serum samples with 
normal IgG are exemplified in Fig 1, Such separations gave graphs with a 
number of relatively smooth peaks and smce the CSF IgG normally derives 
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Fig 1 Chromatofocusmg of CSF 
subject exhibiting normal IgG m 
Polybuffer 96 - HCl (pH 6 0) at a 

(continuous curve) and serum (dotted curve) from a 
both samples The elutlon was performed with 10% 
flow-rate of 0 25 ml/mm The pH values between 9 5 
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and 6 0 (0 5 units between each dot) are indicated to the right and the dotted hne shows the 
pH gradlent The x-axLs (vol ) gives the volumes (2 ml of startmg buffer followed by 15 ml 
of Polybuffer 96 - HCI, pH 6 0) injected mto the column after apphcatlon of the sample, 
the y-ax= (OD) shows UV absorbance of the eluate at 280 nm There IS a very close 
parallehsm between the CSF and serum proflles 

Fig 2 Chromatofocusmg of CSF (contmuous curve) and serum (dotted curve) from a 
patient with mtrathecal synthesis of ohgoclonal IgG The symbols and experImental con- 
dltlons are as m Fig 1 There are dlstmct peaks m the CSF profile, which correspond to 
ohgoclonal IgG 

from serum, the profiles of the pmed samples m all cases were found to have a 
very smnlar appearance Frg 2 sves the results from chromatofocusmg of CSF 
with mtrathecally synthesized ohgoclonal IgG and the correspondmg palred 
serum sample. The CSF m all cases gave profiles exhibltmg dlstmct peaks and 
an obvious difference from the profile of the correspondmg serum Fraction 
collection followed by lsoelectrlc focusmg of the material and lmmunoblottmg 
of IgG venfled that these peaks were referable to ohgoclonal IgG Furthermore, 
the components were not found to have changed then lsoelectrlc focusing 
patterns or antlgemcltles during the chromatofocusmg procedure Fig. 3 shows 
the results from chromatofocusmg of serum with an IgG M-component. The 
mlcroheterogeneous abnormal IgG m these sera gave prominent peaks m the 
graph and the findings differed clearly from those of normal IgG, the identity 
of the components gvmg these peaks was verified as described for the CSF. 
There were thirteen sera with M-component band spectra having pl values of 
pH > 7 0 and all these samples gave chromatofocusmg profiles having the 
general characterlstlcs exemphfled m Fig. 3. Two sera had M-components with 
band spectra restricted to the p1 range of pH = 7 O-6.5. These two samples 
exhibited chromatofocusmg profiles mth prominent, but not well separated, 
peaks m the terminal part of the pH gradient This is casued by a deterloratlon 
of the resolution m the termmal part of the pH gradient, similar experiences 
have been made mth the Mono P column. 

Samples with mono- or ohgoclonal IgG components having pl values 
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Fig 3 Chromatofocusmg of serum with an IgG M-component (contmuous curve) The 
symbols and expenmental condltlons are as m Fig 1 The profile exhlblts promment peaks 
referable to the M-component 

between pH 9 0 and 8 5 were used m order to compare the resolution 
capacltles of the three different gradlents from pH 9 5 down to about pH 
6 0, 7 0 and 8 0, respectively The two latter, narrower gradients gave a better 
peak separation of these components However, the chromatofocusmg runs 
performed usmg Polybuffer 96 - HCl (pH 6 0) gave quite comparable results 
This gradient also has a broader optimal workmg range, which 1s advantageous 
m separations of heterogeneous protems such as IgG 

DISCUSSION 

Electromlgratlon techmques such as lsoelectrlc focusing performed in 
agarose or polyacrylamlde gels have proved very suitable for exammatlons of 
many proteins, including those of the CSF 111,121. Another important group 
of methods for protein separations are the chromatographlc techniques where 
the sample molecules are partitioned on the basis of physlcochemlcal or 
blolo@cal properties Chromatofocusmg, a chromatographlc analogue of lso- 
electric focusing, has several points m its favour for exammatlons of proteins 
m blolo@cal fluids e.g. high resolution, relatively fast and easy performance, 
comparatively mild separation condltlons, capacity to work m analytlcal as well 
as preparative scale 

The maJor part of human IgG exhlblts neutral or alkaline p1 values [ 131 and 
mtrathecally synthesized ohgoclonal CSF IgG 1s generally most prominent m 
the high alkalme range [12] Most other CSF proteins have more acldlc p1 
values [14] and this favours the use of techmques based on lsoelectrlc 
fractionation m examinations of CSF IgG. The present mvestlgatlon was based 
on chromatofocusmg of normal and abnormal CSF and serum IgG by usmg 
a specially designed small column Thus method can work with submllhgram 
quantities of proteins, which 1s a prerequisite for a successful, more general 
apphcatlon in CSF protein exammatlons A pH gradient formed by starting and 
eluent buffers ~th pH values of 9 5 and 6 0, respectively, was found to be well 
suited for examinations of human IgG Narrower gradients Improve the peak 
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separation but they also reduce the working range of the system and this 1s 

less advantageous when protems such as IgG, having a wide range of pl values, 
are examined 

Llplds m the samples will cause a deterloratlon of the column and a 
chloroform extraction was used to dehpldate the mater& prior to chromato- 
focusmg Such treatment grves some denaturatlon of certam protems However, 
we did not observe any slgmflcant problems for IgG, such as changed anti- 
gemcltles, altered lsoelectnc focusing patterns or lrreproduclble chromato- 
focusmg profiles Altematlve methods for dehpldatlon could also be applied, 
e g techniques based on the use of hpophlhc dextran [ 151 

At this stage, we have found maJor utilities for chromatofocusmg in 
research work, e g. as a fn-St-step preparative procedure, but the method also 
has potential for chnlcal apphcatlons The capacity of the small chromato- 
focusmg column to detect mono- or ohgoclonal IgG components havmg pl 
values wlthm the optlmal workmg range (pH > 7) of the pH gradient compared 
well with that of the commercmlly avsulable Mono P column There IS a 
decrease of the peak separation due to the reduced length of the column 
However, the resolution capacity 1s still very satlsfymg for heterogeneous 
proteins such as IgG. The small column also offers the advantages of havmg a 
shorter separation time, a decreased dilution of the sample m the eluate 
(mcludmg a more favourable ratlo between the sample and background UV 
absorbances) and a lower consumption of startmg and eluent buffers. 

ACKNOWLEDGEMENTS 

This work was supported by grants from the Karohnska Institute, the 
Swedish Medical Research Council (Grant No 3381), the Swedrsh Multiple 
Sclerosis Society, the Swedish Society of Medical Sciences and the Tore Nllson 
Foundation Skllful technical assistance was gwn by Ms. Carma Gudmundsson 

REFERENCES 

1 
2 
3 

4 
5 

6 

7 
8 
9 

10 
11 
12 

13 

14 
15 

L A AE Sluyterman and 0 Elgersma, J Chromatogr , 150 (1978) 17 
L A AE Sluyterman and J WlJdenes, J Chromatogr , 150 (1978) 31 
L So&&erg, T L&& and D Low, m H Peeters (Edltor), Protldes of the BIological 
Fluids, Vol 29, Pergamon Press, Oxford, 1981, p 955 
J Rlchey, Am Lab, October (1982) 104 
A Sld6n and P Gallo, In H Peeters (Editor), Protldes of the Blologlcal Fluids, Vol 32, 
Pergamon Press, Oxford, 1984, p 211 
P Gallo and _& &d&n, m V Neuhoff (Editor), Electrophoresls, Verlag Chemle, Weln- 
helm, 1984, p 419 
H Lmk and V Kostulas, Chn Chem , 29 (1983) 810 
T Olsson, V Kostulas and H Lmk, Clm Chem , 30 (1984) 1246 
K Bergstrijm and A K Lefvert, Stand J Clm Lab Invest, 40 (1980) 637 
G Tlbbhng, H Lmk and S Ohman, Stand J Clm Lab Invest, 37 (1977) 385 
0 Vesterberg, Int Lab , May/June (1978) 61 
KG KJeHin and 8, SldBn, m J H Wood (EdItor), Neurobiology of Cerebrospmal 
Fluld, Vol 2, Plenum Press, New York, 1983, Ch 20, p 369 
A Howard and G Vlrella, m H Peeters (Edltor), Protldes of the Blologlcal FluIds, Vol 
17, PergamonPress, Oxford, 1969, p, 449. 

H Stlbler, J Neural Scl , 36 (1978) 273 
E Dahlberg, M Snochowskl and J -A G US a sson, Anal Blochem , 106 (1980) 380 t f 


