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CHROMATOGRAPHY AND CAPILLARY 

ISOELECTRIC FOCUSING 
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Princeon, New Jersey 08540-5309 

100 Mountain Avenue 
M U R ~  HL!, New Jersey 07974 

G. DIEGNAN~, AND J. ADAMOVICS~ 

~ANAQUEST 

ABSTRACT 

The isoforms of a monoclonal antibody have been resolved by 
three different techniques: polyacrylamide gel isoelectric 
focusing, cation exchange HPLC, and capillary isoelectric focusing. 
The three techniques gave similar results; five major and one minor 
fraction were observed, corresponding to PIS in the pH range 6.0 to 
6.5. The methods are compared and the advantages as well 
difficulties o f  each are discussed. 

INTRODUCTION 

Recent advances in recombinant DNA and hybridoma technologies 
have made the comnercial production of proteins for use as 
biopharmaceuticals feasible. Twelve biotechnologically derived 
drugs have been approved in the US and more than 100 genetically 
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2 08 SILVERMAN ET AL. 

engineered p ro te ins  and ant ibodies are c u r r e n t l y  i n  c l i n i c a l  t r i a l s  
o r  under review by the  FDA. 

Due t o  the  s t r u c t u r a l  complexity o f  biopharmaceuticals, the 
techniques used t o  analyze them cont inue t o  evolve. I n  t h i s  repo r t ,  
t he  advantages and disadvantages o f  determining the  heterogenei ty o f  
a monoclonal ant ibody by i s o l e c t r i c  focusing on ge ls  and i n  
c a p i l l a r i e s  and by c a t i o n  exchange h igh  performance l i q u i d  
chromatography are  evaluated. 

I s o e l e c t i c  focusing ( I E F )  techniques are recognized as having 
h igh - reso lv ing  power f o r  p ro te ins  t h a t  d i f f e r  i n  t h e i r  ne t  charge 
(1). The ne t  charge o f  any p r o t e i n  i s  a sum o f  a l l  the  p o s i t i v e  
and negat ive charges o f  the  i on i zab le  a c i d i c  and bas ic  s ide  chains 
c f  i t s  cons t i t uen t  amino acids and carbohydrates. Consequently, 
there  i s  a s p e c i f i c  pH f o r  every p r o t e i n  a t  which the  n e t  charge i s  
zero. When a p r o t e i n  i s  placed i n  a ma t r i x  with vary ing  pH, 
sub jec t  t o  an e l e c t r i c  f i e l d ,  i t  w i l l  move toward the  e lec t rode w i t h  
the  opposi te charge. The p r o t e i n  w i l l  eventua l l y  migra te  t o  a p o i n t  
i n  the  pH grad ien t  where i t s  n e t  charge i s  zero, which i s  known as 
the  i soel e c t r i  c pH value, termed PI. 

Hor izonta l  ge l  s labs made o f  polyacrylamide are the  most 
common con f igu ra t i on  o f  IEF.  These ge ls  are formed w i t h  l a r g e  pores 
which a l l ow  f o r  r e l a t i v e l y  unimpeded motion o f  p ro te ins .  
V i s u a l i z a t i o n  o f  the  p ro te ins  as d i s c r e t e  bands i s  achieved by 
s ta in ing ,  usua l l y  w i t h  s i l v e r  s a l t s  o r  by Commassie B r i l l i a n t  Blue. 
[ i uan t i t a t i on  o f  t h e  bands i s  usua l l y  determined by ge l  densitometry. 

C a p i l l a r y  e lec t rophores is  I E F  o f  p ro te ins  has on ly  been 
r e c e n t l y  demonstrated (2-4). The procedure requ i res  two steps. The 
f ’ i r s t  i s  t he  establ ishment o f  t he  s tab le  pH gradient,  which i s  
c a r r i e d  ou t  by the  migra t ion  o f  ampholytes i n  the  c a p i l l a r y  upon 
c p p l i c a t i o n  o f  an e l e c t r i c a l  f i e l d .  A p r o t e i n  w i l l  migrate along 
the  c a p i l l a r y  pH grad ien t  u n t i l  i t  reaches a p o i n t  o f  zero ne t  
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ISOFORMS OF A MONOCLONAL ANTIBODY 209 

charge, a t  which t ime migrat ion ceases. I n  order t o  detect the 
protein,  sodium hydroxide and sodium ch lo r ide  are placed i n  the 
cathode reservo i r  and voltage i s  again applied. Proteins are 
mobil ized through the c a p i l l a r y  and pass the detector i n  order o f  
decreasing PI. An essent ia l  feature o f  t h i s  procedure i s  t h a t  the 
s i l i c a  c a p i l l a r y  i s  i n t e r n a l l y  coated so as t o  minimize p ro te in  
adsorption and electroendosmosis. Electroendosmosis i s  the bu lk  
f low o f  l i q u i d  toward the negative electrode r e s u l t i n g  from the 
e f f e c t  o f  the e l e c t r i c  f i e l d  on the pos i t i ve  counterions i n  the 
double-layer adjacent t o  the non-coated c a p i l l a r y  wal l .  The 
e l im ina t ion  o f  electroendosmotic f low i s  c r i t i c a l  f o r  i s o e l e c t r i c  
focusing t o  be performed (2-8) .  

I n  general, HPLC has been found no t  as useful a technique as 
electrophoresis i n  analyzing proteins, p a r t i c u l a r l y  those o f  high 
molecular weight such as monoclonal antibodies (150,000 daltons). 
Ion-exchange chromatography, p a r t i c u l a r l y  the anion exchangers such 
as DEAE have been used i n  the analysis and preparative i s o l a t i o n  o f  
antibodies (9). Separations o f  proteins on ion-exchangers are 
usua l ly  best a f fec ted  with an ion i c  strength gradient. The pH i s  
usua l ly  selected t o  be near the i soe lec t r i c  po in t  t o  maximize 
retent ion.  The only opt imizat ion commonly exploi ted i s  the 
adjustment o f  the i o n i c  strength gradient slope. 

METHODS AND MATERIALS 

Monoclonal Antibodies 

The antibody studied i s  re fe r red  t o  as 872.3 (10) which i s  a 
murine IgGl and i s  reac t ive  w i th  a wide range o f  carcinomas whi le 
demonstrating 1 i t t l e  o r  no r e a c t i v i t y  towards normal human t issue. 
A DTPA conjugate o f  872.3 was recent ly  approved i n  Europe f o r  
y&& imaging f o r  co lo rec ta l  cancer using indium-111 as the 
radioisotope. 872.3 was harvested from t i ssue cu l tu re  and p u r i f i e d  
by Protein A and DEAE chromatography. The samples were prepared by 

Ce l l tech  Limited, Berkshire, UK. 
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2 10 SILVERMAN ET AL. 

A. 
B. 
C. 
D. 
E. 
F. 
6. 
H. 
I. 
J. 
K. 

TABLE 1 
CAMAG Scanner Parameters 

Dialog Mode 
Scanlength 
Trackspace 
Scanning Speed 
Wavelength 
Zero A l l  Tracks 
Scanning Sens i t i v i t y  
Sens i t i v i t y  
Span 
Of fset  
Lamp Used 

1 
44.0 nun 
1.0 mm 
0.2 mm/s 
557 nm 
Yes 
Yes 
200 N 
10 
10 
Mercury o r  Tungsten 

Po l  vacrv lamide Gel I soe lec t r i c  Focusina an d Gel Dens- 

Slab gel i s o e l e c t r i c  focusing was performed using the 
PhastSystem and PhastGel I E F  5-8 (Pharmacia LKB Biotechnology, 
Piscataway, NJ). The bands were f i xed  w i th  20% t r i ch lo roace t i c  acid 
and stained w i th  1.725 g/L Coomassie B r i l l i a n t  Blue R250, 3 a  
methanol, and 10% acet ic  acid. The sample concentrations were 
adjusted t o  w i t h i n  1 t o  2.5 mg/mL pro te in  and 0.5 UL volumes were 
ailpl i ed  t o  the gel .  

Densitometer scans o f  the I E F  gels were obtained using a Camag 
T,C Scanner I 1  (Camag, Switzerland) and Waters 745 Data Module 
( M i l l  ipore Corporation, Mi l ford,  MA). Transmission scans were 
determined a t  557 nm using a mercury o r  tungsten source. Scanning 
parameters were adjusted t o  ensure proper i n t e n s i t i e s  and resolut ion 
of the bands as l i s t e d  i n  Table 1. 

HiQh Performance CaD i l l a r v  Isoele c t r i c  Focusing 

Capi l lary  i s o e l e c t r i c  focusing was performed using a Bio-Rad HPE- 
The instrument was 100 system (Bio-Rad Laboratories, Richmond, CA). 
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ISOFORMS OF A MONOCLONAL ANTIBODY 21 I 

equipped w i t h  a UV/VIS detector and high voltage power supply. The 
c a p i l l a r y  (20 cm length and 25 micron diameter) was enclosed i n  a 
ca r t r i dge  which was inserted between the i n l e t  (anode) and o u t l e t  
(cathode) reservoirs.  The s i l i c a  c a p i l l a r y  was i n t e r n a l l y  coated w i th  
a l i n e a r  polymer which prevents p ro te in  adsorption and 
electroendosmosis (Bio-Rad HPE Cartridge, 148-3002). 

P r i o r  t o  c a p i l l a r y  experiments, the samples were dialyzed against 
2 mM sodium phosphate buffer,  pH 7.0. Final  concentrat ion o f  antibody 
was approximately 5 mg/mL. The dialyzed sample was mixed (1:l) wi th  a 
2% so lu t ion  o f  pH 5-8 range ampholytes (Bio-Lyte 5/8) and pressure 
loaded i n t o  the  cap i l l a ry .  10 M phosphoric acid (Bio-Rad I E F  
E lec t ro ly te ,  148-5019) was added t o  the i n l e t  (anodic) reservo i r  and 20 
mM sodium hydroxide so lu t ion  (Bio-Rad IEF E lec t ro ly te ,  148-5018) was 
added t o  the  o u t l e t  (cathodic) reservo i r .  An applied po ten t ia l  caused 
the ampholytes t o  migrate, establ ishing a pH gradient along the 
cap i l l a ry .  Focusing was achieved by migrat ion o f  the sample along the 
pH gradient.  The focusing step was performed a t  constant voltage and 
monitored by fo l low ing  the current. As focusing proceeded, the current 
decreased t o  a minimum value. I n  a l l  experiments, the focusing was 
stopped when the  current reg is te red  0.3 microamperes. Typical ly,  the 
focusing step las ted  about 3 minutes. 

The focused zones were mobil ized e lec t rophore t ica l l y  by 
exchanging the NaOH catholyte so lu t ion  f o r  a so lu t ion  containing 20 mM 
sodium hydroxide and 80 mM sodium ch lo r ide  (Bio-Rad I E F  Mobi l izer,  148- 
5020). The migrat ion o f  ch lo r ide  anions i n t o  the  c a p i l l a r y  cont inously 
decreased the  pH from the cathodic end o f  the tube (4) causing the 
pro te ins  t o  move towards the o u t l e t  (3, 4). Detection o f  the  zones as 
d i sc re te  peaks was achieved by UV absorption determination a t  280 nm. 

Hiah Performance Cat io n-Exchanae L iau id  Chromatoaraohy 

The HPLC column was a Bakerbond wide-pore CBX column, 7.75 x 
100 I (J.T. Baker Incorporated, Phi l l ipsburg,  NJ). The gradient 
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212 SILVERMAN ET AL. 

was l i n e a r  from 100% solvent A (0.01 M 2-[N-Morpholino] 
ethanesul fonic ac id  (MES) bu f fe r ,  pH 5.0) t o  100% solvent B (0.01 M 
ElES bu f fe r ,  pH 8.5) over 60 minutes. The f low r a t e  was 1.0 
mL/minute w i t h  de tec t ion  a t  280 nm. Under these condi t ions,  t h e  MAb 
f rac t ions  e lu ted  a f t e r  t h e  gradient,  between 65 and 95 minutes. For 
il l1 HPLC experiments performed, a Varian V is ta  5500 LC and DS data 
s t a t i o n  were used. 

RESULTS AND DISCUSSION 

p o l  vacrvl  amide Gel Isoe l  e c t r  i c  Focusina and Gel Densitometry 

The conventional means o f  performing i s o e l e c t r i c  focusing i s  
tiy gel  e lectrophoresis using polyacrylamide as the  ant iconvect ive 
medium. Figure 1 shows the  IEF gel  o f  MAb B72.3 and Figure 2 
represents a densitometer scan o f  a comparable gel o f  t he  same l o t  
o f  mater ia l .  F ive  major peaks are observed corresponding t o  PIS i n  
the  pH range 6.0 t o  6.5. A low i n t e n s i t y  peak i s  a l so  observed on 
t h e  a c i d i c  s ide  o f  t he  p r o f i l e  corresponding t o  a PI o f  about 5.9. 
Densitometer scanning provided a means t o  quan t i t a te  the  i nd i v idua l  
isoforms and the  r e p r o d u c i b i l i t y  o f  t h i s  method was examined f o r  
nine samples run as th ree  lanes on th ree  gels. The tabu la ted  area 
counts f o r  t he  s i x  peaks are presented i n  Table 2. Re la t i ve  
standard dev ia t ions  (standard deviation/average area) were 
ca lcu la ted  f o r  t h e  nine r e p l i c a t e s  o f  each f r a c t i o n  and these values 
1-ange from approximately 10 t o  20%. The fac to rs  con t r i bu t i ng  t o  
these r a t h e r  l a r g e  va r ia t i ons  inc lude minor imperfect ions which 
o f ten  appear i n  ge l s  and the  s ta in ing  reac t i on  which i s  on l y  l i n e a r  
over a narrow concentrat ion range. Gel electrophoresis and gel  
scanning i s  there fore  l abo r  in tens ive  and capable o f  p rov id ing  only 
1 i m i  t ed  q u a n t i t a t i v e  informat ion.  

Faoi 11 arv I soel e c t r  i c  Focusinq 

The c a p i l l a r y  I E F  electropherogram o f  MAb 872.3 i s  presented i n  
L ike  the  gel  scan, t he  c a p i l l a r y  IEF p r o f i l e  shows f i v e  major Figure 3 .  
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ISOFORMS OF A MONOCLONAL ANTIBODY 213 

Figure 1. IEF gel o f  872.3. High PI cal ibrat ion markers were run on 
tracks 1 and 4. The 872.3 repl icates were run on tracks 2 
and 3. Bands (A) through (E) correspond t o  the following: 
(A) PI marker proteins near cathode wick, PIS 8.0-8.5; (B) 
myoglobin-basic band, PI 7.35; (C) human carbonic anhydrase 
B, PI 6.55; (D) bovine carbonic anhydrase B, PI 5.85; (E) 
Beta-lactoglobul in-A, PI 5.20. 

and one minor component which eluted approximately 10 minutes a f te r  
mobilization. Resolution o f  s i x  components by capi l lary  I E F  f o r  B72.3 was 
achieved using the pH 5-8 range ampholytes. Use o f  the pH 3-10 range 
ampholytes resulted i n  a single broad peak which could not be resolved by 
varying the run conditions o f  the experiment. The c r i t i c a l  parameter 
a f fect ing the resolut ion when using the pH 5-8 range ampholytes appeared 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



214 SILVERMAN ET AL. 

SCAN TIME (MINUTES) 

Figure 2. Densitometer scan o f  I E F  gel o f  872.3 

TABLE 2 

Tabulated Area Counts For The S i x  Peaks I n  The Gel Densitometer Scan 
O f  872.3 

!k.md& 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Average Area 
Standard Dev. 

RSD 

- 
1 

238261 
282681 
244606 
293980 
221120 
228881 
351438 
275810 
311545 

272036 
40583 

9.1% 

2 

493981 
613118 
532015 
622796 
488071 
520964 
610699 
554546 
510013 

549610 
50239 
9.9% 

Peak 
3 

667527 
817267 
635652 
765919 
619343 
610768 
745914 
669019 
654279 

687299 
67878 
11.8% 

4 

713537 
772043 
635652 
669483 
563005 
505673 
672586 
646751 
589544 

64091 9 
75534 
15.1% 

5 

417450 
458828 
368959 
384510 
317742 
259491 
436156 
405683 
402756 

383508 
58097 
19.0% 

- 
6 

114450 
120902 
121876 
128657 
103402 
78969 

155760 
145458 
156708 

125131 
23820 
19.0% 
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ISOFORMS OF A MONOCLONAL ANTIBODY 215 

Figure 3.  

MOBILIZATION TIME (MINUTE S) 

Capillary IEF electropherogram o f  B72.3. 

RETENTION TIME (MINUTES) 

Figure 4. Cation-exchange HPLC chromatogram o f  872.3. 
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SILVERMAN ET AL. 2 16 

t o  be the focusing time. Longer focusing times of ten resul ted i n  bet ter  
separation o f  the f ract ions.  The focusing step was stopped, however, when 
the current registered 0.3 microamperes since a t  lower currents prote in  
pi-ecipi tat ion i n  the c a p i l l a r y  may occur. 

The major advantage o f  c a p i l l a r y  i s o e l e c t r i c  focusing over gel 
i soe lec t r i c  focusing was the r e l a t i v e  speed o f  the technique. The 
focusing step usual ly  required approximately 3 minutes and mobi l izat ion 
took 8 t o  10 minutes. However, the e lu t i on  t i m e s  by c a p i l l a r y  IEF f o r  

B72 .3 were observed t o  vary by as much as 33% between runs (i .e., 15 & 5 
minutes). This problem may be minimized by the use o f  one o r  more 
i n te rna l  PI standards, w i th  e lu t i on  times o f  the sample measured r e l a t i v e  
t o  the standards. Although a systematic determination o f  standard 
deviations f o r  the c a p i l l a r y  resu l t s  was not attempted, the 
rep roduc ib i l i t y  o f  the r e l a t i v e  percent areas was be t te r  than tha t  found 
for the gel scans (data not included). 

The major drawback concerning the c a p i l l a r y  method i s  the 
i n s t a b i l i t y  o f  the c a p i l l a r y  coating. Typical ly,  when using the narrow 
range pH 5-8 ampholytes, the c a p i l l a r i e s  were only useable f o r  3-5 runs 
af ter  which there was observed a dramatic l oss  o f  resolut ion.  By about 
the f i f t h  run, the method f a i l e d  and no signals were obtained. It has 
also been observed tha t  the c a p i l l a r y  does not f a i l  as qu ick ly  when the 
broad range pH 3-10 ampholytes are used (11). The c a p i l l a r y  i n s t a b i l i t y  
may be due t o  an "edge e f fec t "  such t h a t  the steeper gradient, from pH 8 
t o  12 a t  the edge o f  the c a p i l l a r y  contr ibutes more t o  coating 
i n s t a b i l i t i e s  than the pH 10 t o  12 gradient when the broad range 
ampholytes are used (11). This problem may not be a t r i v i a l  one, as 
d i f f e r e n t  types o f  c a p i l l a r y  coatings as w e l l  as d i f f e r e n t  catholyte 
sc lu t ions may have t o  be invest igated i n  order t o  develop a stable system 
useful f o r  rou t i ne  test ing.  

- Cation Exchanae Hiqh Performance L iau id ChromatoqraDhv 

The HPLC chromatogram o f  B72.3 i s  shown i n  Figure 4. The method 
employed a l i n e a r  gradient f r o m  pH 5.0 t o  pH 8.5 over 60 minutes. A t  pH 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOFORMS OF A MONOCLONAL ANTIBODY 217 

5.0, all of the protein components, also referred to as isoforms of 872.3, 
were positively charged and thus retained by the column. As the pH was 
increased, the isoforms eluted as resolved peaks in order of increasing 
PI. Seven peaks were observed at retention times between 64 and 94 
minutes. The identities of the peaks were investigated by collecting 
fractions with retention times of approximately: 65, 69, 73, 76, 81, 88, 
and 93 minutes. The samples were then concentrated using a Savant Speed 
Vac Concentrator, and focused by gel electrophoresis versus a 872.3 
sample. The first six peaks in the HPLC chromatogram which eluted between 
65 and 88 minutes were each observed to be single PI fractions, 
corresponding to the five major bands of 872.3 as follows: 65 minutes, PI 
= 6.0; 69 minutes, PI = 6.1; 73 and 76 minutes, PI = 6.2; 81 minutes, PI - 6.3; and 88 minutes, PI = 6.4. The minor fraction with a PI of about 
5.9 which is observed as a faint band by gel isoelectric focusing, and as 
a low intensity band by capillary electrophoresis, was not evident in the 
HPLC chromatogram of 872.3. Also, the two overlapping peaks at 73 and 76 
minutes in the chromatogram were observed to focus at a PI of 
approximately 6.2. The results confirmed that the peaks eluted in order 
of increasing PI, with the exception of the peak with a retention time of 
94 minutes which focused by gel IEF electrophoresis as all five isoforms. 

The major disadvantage o f  the HPLC method for the analysis of 872.3 
was the long run time. The lack of baseline resolution is another 
disadvantage as indicated by the presence of one intense and one or two 
faint bands sometimes appearing on the IEF gels of the HPLC fractions. 
Multiple HPLC purifications of fractions, however, could be used for the 
isolation o f  single isoforms for further characterization by, for example, 
carbohydrate analysis or mass spectrometry. In studying MAbs with PIS 
which differ from 872.3, additional method development is required. This 
method is not universally applicable to all antibodies. On the other 
hand, HPLC provided a means to collect fractions of purified material, 
which was not as readily feasible by the other two techniques. 

CONCLUSIONS 

Polyacrylamide gel isoelectric focusing results in highly resolved 
separations of proteins yielding semiquantitative information by gel 
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densitometry. This method i s  more labor  in tens ive and time consuming 
r e l a t i v e  t o  e i t h e r  c a p i l l a r y  i soe lec t r i c  focusing o r  HPLC. Capi l lary  I E F  
i s  fast ,  requires minimum sample consumption and af fords quant i ta t ive 
information by r e l a t i v e  peak area integrat ion.  Unfortunately, 
d i f f i c u l t i e s  s t i l l  remain which prevent the rout ine use o f  the technique 
due t o  i n s t a b i l i t i e s  o f  the c a p i l l a r y  coating. Several groups have 
suggested solut ions t o  these problems including Mazzeo and K r u l l  (8) who 
invest igated the use o f  methyl celluose and other addi t ives f o r  performing 
c a p i l l a r y  I E F  i n  uncoated fused s i l i c a  cap i l l a r i es .  The advantage o f  
t h e i r  method i s  the continuous renewal o f  the "coating e f fec t "  such that  
c a p i l l a r y  degradation was not a problem. I n  addi t ion t o  the use o f  
po lyacrylamide-coated cap i l l a r i es ,  another group has reported the use o f  
PEG-coated c a p i l l a r i e s  (J & W Sc ien t i f i c ,  Folsom, CA) f o r  c a p i l l a r y  I E F  

(12). The long-term s t a b i l i t y  o f  these coatings has not been reported. 

F ina l ly ,  the HPLC method provides a means t o  p u r i f y  and c o l l e c t  
f rdct ions which i s  useful f o r  f u r the r  sample analysis by other methods. 
Disadvantages include the l ack  o f  baseline resolut ion as wel l  as the long 
run time which p roh ib i t s  t h i s  technique from being used rou t i ne l y  f o r  the 
q u l  i t y  assurance o f  B72.3 
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