
T
H E M A N U FAC T U R E O F p rotein and pep t i d e
p h a rmaceuticals is more complex than the
i s o l ation and puri fi c ation of nat ive or re-

combinant proteins from bacterial cells for in
v i t ro use or diagnostics. The main diffe rence is
t h at only the biological activity of enzymes is
s t a n d a rd i zed ex a c t ly without ri gid re q u i re m e n t s
for protein purity and pri m a ry stru c t u re. For ex-
ample, the addition of an affinity tag at the N- or
C - t e rm i nus of a recombinant pro t e i n , in many
c a s e s , does not affect the biological activity of
e n z y m e s .1 At the same time, b i o l ogical activ i t y,
p u ri t y, p ri m a ry stru c t u re, and seve ral other pa-
ra m e t e rs2 , 3 of a protein or a peptide drug mu s t
s atisfy P h a rmacopoeia re q u i rements. In the case
of insulin, wh i ch , thus fa r, is the most effe c t ive
pharmaceutical for the treatment of diabetes mel-
l i t u s , the content of each specific impurity (i.e. ,
p ro i n s u l i n , i n s u l i n , p o ly m e rs , and desamido-
Asna21-insulin2,3) must also be determined.

In most instances, the developer of a new
biotechnological process solves a number of typ-
ical pro blems. The most important incl u d e :
re a ching maximum conve rsion of interm e d i at e
products at each step of the procedure, determin-
ing an interm e d i ate purity after each isolat i o n
and purification step, identifying contaminants in
i n t e rm e d i ates and final pro d u c t , and confi rm i n g
the pri m a ry stru c t u re and biological activity of
the protein obtained. In other words, a high yield
of pure end product can only be achieved by opti-
mizing each technology step.

E ven ve ry effe c t ive and commonly used pro-
c e d u re s , s u ch as one-step conve rsion of insulin
precursor to insulin with trypsin and carboxypep-
tidase B,4 – 6 d e s c ribed by Ke m m l e r,7 should be
p e r fo rmed with care. The authors ’ studies and
p u blished dat a8 , 9 s h ow that , d epending on the
p re c u rsor stru c t u re, or in the case of an unsuit-
able amount of pro t e a s e s , a significant yield (up
to 15%)9 of an undesirable by p roduct (i.e. , d e s -
Th rB 3 0-insulin) is obtained in the reaction. des-
ThrB30-insulin is one of the most difficult impuri-
ties to be re m oved from human insulin,9 and its
content (> than 2% in insulin prep a ration) ex-
ceeds a level of insulin-like contaminants speci-
fied by the Pharmacopoeias.2,3

Th u s , c a reful control of each step of re c o m b i-
nant human insulin (rhI) pro d u c t i o n , as well as
the manufacture of other recombinant proteins, is
ve ry important in the development of a pro p e r
and cost-effective technological process.

To eva l u ate a composition of complex pro t e i n
and peptide samples at each tech n o l ogical step ,
the ap p ro a ch has to include sep a ration tech-
niques and methods of identifi c ation. Curre n t
s ep a ration techniques satisfy a number of re-
q u i rements such as high selectiv i t y, high sensi-
t iv i t y, high effi c i e n cy, high speed,1 0 and minimal
cost per analysis. At pre s e n t , h i g h - p e r fo rm a n c e
c ap i l l a ry electro p h o resis (HPCE) and narrow -
b o re HPLC are the most powerful sep a rat i o n
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t e chniques that can be applied to re s o l ve pep-
tides and proteins with ve ry similar stru c t u re s .1 1

Because of high rep roducibility and pre c i s e
q u a n t i t at ive estimation of sep a rated compounds,
these methods are used fre q u e n t ly in cro s s -
va l i d ation studies during method va l i d at i o n1 2 i n
a n a lytical lab o rat o ries. More ove r, a combinat i o n
of the two sep a ration techniques based on diffe r-
ent retention mechanisms (ch a rge-to-mass rat i o
and hy d rophobicity) provides unambiguous in-
fo rm ation about a sample’s composition, wh i ch
is essential for quality control of pharm a c e u t i-
c a l s .1 3 Other tech n i q u e s , s u ch as slab gel elec-
t ro p h o re s i s , a re less suitable for these purp o s e s
because protein or peptide staining on gels does
not provide precise quantitat i o n .1 4 For the identi-
fi c ation of sep a rated pep t i d e s , o ff-line mat ri x -
assisted laser desorption ionization time-of-
flight mass spectro m e t ry1 5 ( M A L D I - TO F - M S )
was used. This technique allows the determ i n a-
tion of exact molecular weights of peptides com-
m o n ly used in proteomics for the identifi c at i o n
of peptides and pro t e i n s .1 6 , 1 7

This ap p l i c ation note illustrates the effi c i e n cy
of the analytical sch e m e, wh i ch includes HPLC,
H P C E , and MALDI-TOF-MS for the step - by -
step control of rhI production.

Experimental

HPLC

HPLC analyses we re perfo rmed on two ch ro-
m at ographic systems. System 1 comprised a
n a rrow - b o re, h i g h - p e r fo rmance liquid ch ro-
m at ograph (Milich rom A-02 [Env i ro ch rom A -
0 2 ] , C h ro m at ograp hy Institute Eko - N ova ,
N ovo s i b i rs k , Russia) equipped with two syri n ge
p u m p s , a therm o s t ated column compart m e n t , a n
a u t o s a m p l e r, a photometric cell with a 1.2-µL
vo l u m e, and a spectro p h o t o m e t ric (190–360

n m ) d e t e c t o r. The narrow - b o re (75-mm-length,
2 - m m - i . d.) column used was a Nucleosil C18
p a cked with a 120-Å, 5-µm sorbent (M a ch e rey -
N age l , D u c re n , G e rm a ny). The column temper-
at u re was maintained at  35 °C or  40 °C as
n e e d e d. MultiChrom for Wi n d ows softwa re
(A m p e rs e n d, M o s c ow, Russia) was used fo r
d ata processing and calculat i o n .

System 2 included two model 114 pumps, a
model 160 A spectrophotometer, model 421 con-
t ro l l e r, and model 210 injector (all from B e ck-
man Coulter, F u l l e rt o n , CA). An HPLC column
( 2 5 0 - m m - l e n g t h , 2 - m m - i . d.) packed with 5-µm
p a rt i cles of Jupiter C4 s o r b e n t , p o re size 300 Å
(P h e n o m e n ex , To rra n c e, C A ) , was used. Th e
p h o t o m e t ric detector output was re c o rded on a
C h ro m atopac C-R3A integrator (S h i m a d z u
Corp., Kyoto, Japan).

All eluents we re fi l t e red through 0.45-µm
m e m b ranes (M i l l i p o re Corp . , M o l s h e i m ,
France) and we re degassed by helium for 3 min
at 25 °C.

Separation conditions by HPLC

1. Fi g u re 1. System 1, mobile phase A : 0 . 1 %
t ri fl u o roacetic acid (TFA ) , pH 2.2. B: a c e t o n i-

a

b

c

d

e

f

Figure 1 Narrow-bore HPLC and kinetics of PFP folding.a)
PFP isolated from inclusion bodies. b and c) Reduction of
disulfide bonds for 1 and 4 hr, respectively. d, e, and f) PFP
folding for 0, 4, and 24 hr, respectively.

Figure 2 a) Narrow-bore HPLC. ArgB31-ArgB32-insulin isolated
from a reaction mixture. b) Mass spectrum of ArgB31-ArgB32-
insulin.c)HPCE of ArgB31-ArgB32-insulin isolated from a reac -
tion mixture.
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Figure 3 a) HPLC. A mixture of ArgB31-ArgB32-insulin (peak
1), ArgB31-insulin (peak 2), and insulin (peak 3).b) HPCE. A
mixture of ArgB31-ArgB32-insulin (peak 1), ArgB31-insulin (peak
2), and insulin (peak 3).Peaks marked 1a, 2a, and 3a corre -
spond to deasamido-Asn21 insulins of ArgB31-ArgB32-insulin,
ArgB31-insulin, and insulin, respectively.
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