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ANALYSIS AND CONTROL OF 

PROTEIN AND POLYPEPTIDE  DRUGS^ 

Robert  V. Smi th and Makau P. Lee 

Drug Dynamics I n s t i t u t e  

C o l l  ege o f  Pharmacy 

U n i v e r s i t y  o f  Texas a t  A u s t i n  

Aus t i n ,  TX 78712-1074 

"We a re  now i n  a p e r i o d  o f  e s p e c i a l l y  r a p i d  progress i n  

appl  i e d  b i o l o g y .  I m p o r t a n t  u s e f u l  advances have a1 ready occu r red  

employing recombinant DNA and hybridomas. S y n t h e t i c  human i n s u l i n  

i s  b e i n g  s o l d  commerc ia l l y  and o t h e r  major  pharmaceut ica ls  f o r  

human and domest ic animal ca re  a r e  b e i n g  t e s t e d  ... Prospects  a r e  

e x c e l l e n t  t h a t  v i r a l  d iseases soon w i l l  be conquered by use o f  

i n t e r f e r o n  o r  vaccines."  

P h i l i p  H. Abelson' 

The use o f  p r o t e i n  and p o l y p e p t i d e  drugs f o r  t h e  p r e v e n t i o n  

and t rea tmen t  o f  d iseases i s  n o t  new. Immunological  agents  i n  

p a r t i c u l a r  have been used m e d i c a l l y  s i n c e  1798 when Edward Jenner 

developed a smal l  pox vacc ine  from c a t t l e  i n f e c t e d  w i t h  cowpox. 3 
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290 SMITH AND LEE 

Up u n t i l  the 1970 's  proteinaceous drugs were developed 

primarily from materials isolated from human or animal tissues, or 

through relatively classical microbiological processes. I n  the 

l a s t  10 years, however, there have been remarkable advances i n  the 

development o f  molecular synthesizers and i n  recombinant DNA (rDNA) 

 technique^.^ These methods should foster a renaissance of  interest  

i n  protein and polypeptide drugs. 

Off ici  a1 Protei naceous Drugs 

The United States Pharmacopeia5 (U.S.P.) l i s t s  over 50 

proteinaceous drugs and d r u g  products (see Table 1). Many of  these 

drugs are defined as biologicals and require a batch-by-batch 

certif ication by the Food and Drug Administration (FDA) .5  The 

certif ication process has been i n  force since the passage of  the 

Public Health Service Act (58 S t a t .  682) i n  1944 and uniformly 

i nvol ves bioassay procedures. 

Official proteinaceous drugs  other t h a n  those categorized as 

"biologics" are quantitated by bioassay methods and i n  some 

instances, chemical determinations. As indicated i n  Table 2 ,  the 

chemical assays tend t o  be non-specific. Indeed, the 

sophistication o f  assays for proteinaceous drugs i s  currently where 

assays for low molecular weight drugs were over 10 years ago. A t  

t h a t  time, the majority o f  official  monographs (for 

non-proteinaceous drugs) prescribed t i  trimetric or other 

non-specific assays. Analogously, today, no U.S.P. assays for 

proteinaeous drugs include specific measurements of identity and 

purity;  t h o u g h ,  measures of  specific act ivi ty  of  drugs w i t h  
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292  SMITH AND LEE 

O f f  

Eva 

Chymotrypsi na 

Gel a t i n  Products  b 

TABLE 2 

c i a 1  P r o t e i  naceous Drugs 

uated by Chemical Assays 

Hyal u ron  i da se I n j ec t i  onc 

I n s u l i n  

I o d i n a t e d  Albumin Productse 

Panc rea t in  and Pancrel  i pase  

Thyroglobul  i n  and Thy ro idg  

d 

f 

a Enzymatic assay; UV spec t ropho tomet r i c  measurement s tep.  

I d e n t i f i e d  by c o l o r i m e t r i c  and t u r b i d i m e t r i c  t e s t s ;  

eva lua ted  f o r  m i c r o b i a l  con tamina t ion  and t e s t e d  f o r :  

res idue  on i g n i t i o n ,  odor and w a t e r - i n s o l u b l e  substances, 

s u l f u r  d i o x i d e ,  a r s e n i c ,  and heavy me ta l s .  

C o l o r i m e t r i c  assay o f  t y r o s i n e  c o n t e n t  f o l l o w i n g  h y d r o l y s i s .  

Product assayed f o r  n i t r o g e n  c o n t e n t  by K j e l d a h l  de te rm ina t ion ;  

t e s t e d  f o r  r e s i d u e  on i g n i t i o n  and z i n c  c o n t e n t  where 

re1 evant.  

Assayed f o r  rad iochemical  p u r i t y  by paper chromatography 

and rad iochromatographic  scanning. 

C o l o r i m e t r i c  assays f o r  amylase and p ro tease  a c t i v i t i e s ;  

pH-stat  procedure f o r  1 i pase  a c t i v i t y .  

I odomet r i c  t i t r a t i o n .  
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PROTEIN AND POLYPEPTIDE DRUGS 293 

enzymatic act ivi ty  are included where appropriate (see Table 2 ) .  

An assay for natural bovine and pork insulins based on high 

performance 1 iquid chromatography (HPLC)  has, however, been 

proposed i n  the Pharmacopeial Forum.6 For other off ic ia l  drugs, 

and for products t h a t  will be developed d u r i n g  the remainder of the 

20th century, specific methods will become desirable. 

Drugs Derived T h r o u g h  Recombinant DNA Research 

In i t ia l  research efforts w i t h  the production of proteins using 

recombinant DNA ( r D N A )  techniques occurred abou t  10 years ago.7s8 

The short history of this research i s  marked by controversy over 

the potential dangers of handling common g u t  bacteria (e.g., 

Escherichia - col i )  containing foreign genetic material .' Recent 

safety appraisals" and  Federal Guide1 ines" for conducting rDNA 

research provide more real i s t i c  evaluations of apparent dangers. 

The moderated safeguards assure greater activity in the rDNA field.  

In 1982, human insulin prepared by rDNA-technology became the 

f i r s t  d rug  of i t s  type t o  be approved for use by the drug 

regulatory agencies in the United Kingdom, the Netherlands, West 

Germany and the United States." The recombinant insulin is 

identical t o  t h a t  produced in humans as determined by HPLC, gel 

electrophoresis, isoel ectr ic  focusi ng,  circular dichroic ( C D )  

spectrophotometry, amino acid analyses, radioreceptor assay, 

radioimmunoassay (RIA) and r a b b i t  hypoglycemic assay. 

Furthermore, the purified product appears t o  have negligible 

con tamina t ion  by foreign proteins (e.g., - -  E. coli  endotoxin) as 

determined by HPLC and the Limulus amebocyte lysate assay. 

12 

12 
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294 SMITH AND LEE 

TABLE 3 

Prote inaceous Drug Candidatesafor  
P roduc t i on  By rDNA Methods 

Number Approximate 
Drug o f  Amino A c i d  Mo lecu la r  

Residues Weight x10 

A c t i v e  Fragment of  
Cor t  i co t r o p i  n ( ACTH 24 

C a l c i t o n i n  32 

Endorphins 31 
G a s t r i c  i n h i b i t o r y  Po lypep t ide  43 

29 
191 

G1 ucagon 
Growth hormone 
I n t e r f e r o n s  167 
Nerve Growth F a c t o r  118 
P a r a t h y r o i d  Hormone 84 
P1 acenta l  Lactogen 192 
P r o i  nsul  i n 82 
P r o l a c t i j :  198 
S e c r e t i  n 27 

49 
Thymosi n-al 28 
Vasoact ive I n t e s t i n a l  Pep t ide  28 

B i g  G a s t r i l  34 

C o r t i c o t r o p i n  39 

b 

T hymo po i e t i n 

3 
4 
3.4 
4.5 
3.5 
5 
3 

13 
9.5 

22 
9 

23 
3 
5.5 
3.1 
3 

a Some of t h e  drugs l i s t e d  (e.g., c e r t a i n  i n t e r f e r o n s ,  human 
growth hormone and p r o i n s u l  i n )  have a1 ready been synthes ized by 
r D N A  methods. 
U n i t e d  S ta tes .  

C u r r e n t l y  used i n  medical  p r a c t i c e  b u t  ob ta ined  f rom n a t u r a l  
sources o r  through automated p r o t e i n  s y n t h e s i z e r s  which can be 
used t o  produce economic i j l ly  po l ypep t ides  w i t h  amino a c i d  
res idues  up t o  about 32. 

None have been approved f o r  marke t i ng  i n  t h e  

Non-g lycosy lated i n t e r f e r o n 4  . D
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PROTEIN AND POLYPEPTIDE DRUGS 295 

The success i n  producing human insul in  by rDNA methods i s  a 

portent of research tha t  will lead t o  the preparation and tes t ing  

of greater numbers of biologically act ive polypeptides and proteins 

during the next 20 years. Some l ike ly  candidates4 are indicated i n  

Table 3 .  

Analytical Chemical Chall enges and Approaches 

Qualitative and quant i ta t ive methods of analysis are  required 

t o  control rDNA-produced protei naceous drugs. The procedures 

should permit ident i f icat ion o f  the principal cons t i tuent (s )  and 

should help determine i f  miscoding has occurred which can lead t o  

proteins w i t h  a1 tered amino acid sequences. Qualitative methods 

should also allow detection of trace impurities of the type l i s t e d  

in Table 4 .  The sources of the potential trace impurities are  a lso 

given i n  Table 4 and r e f l e c t  the complex nature of drug production 

by rDNA methods. 

The potential trace impurity problem should be p u t  i n t o  

perspective. Numerous biological products (e.g., natural porcine 

insul in ,  vaccines) containing some foreign proteins have been used 

c l i n i c a l l y  for  years w i t h o u t  serious adverse e f fec ts .  Recent 

experiences w i t h  human insul in  produced by rDNA methods suggest 

tha t  foreign protein contamination can be minimized ( i .e . ,  3 

percent) . I 2  Contamination of drug  products by low molecular we igh t  

impurities has been prevented for  years by major pharmaceutical 

companies. 

Analytical methods should permit quantitation of the 

rDNA-deri ved protei naceous consti tuent and provide measures of 
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296 SMITH AND LEE 

TABLE 4 

P o t e n t i a l  T race  I m p u r i t i e s  i n  rDNA-derived Drugs 

Impur i ty  Source 

Nucleic a c i d s  

(DNA and RNA) and 

m i c r o b i a l  p r o t e i n s  

i ncl udi ng p r o t e a s e s  

Rupture  o f  drug-produci  ng 

microorganism d u r i n g  

i s o l a t i o n  and p u r i f i c a t i o n  

p rocedures  

Mouse IgG 

Monoclonal a n t i b o d i e s  

A n t i b i o t i c s  

S u r f a c t a n t s ,  s o l  vents 

P r o t e a s e  i n h i b i t o r s  

and/or  h y d r o l y s i s  

p roduc t s  

Used d u r i n g  p r o d u c t i o n  o f  

monoclonal a n t i  b o d i e s  

Used i n  immunoaf f in i ty  

p u r i f i c a t i o n  s t e p s  

Added t o  cul ture  media 

t o  select f o r  growth of rDNA 

pl asmi d -con ta i  n i  ng 

organisms.  

Used i n  i s o l a t i n g  and 

p u r i f y i n g  rDNA-derived d rug  p roduc t .  

Prevent h y d r o l y s i s  

of p r o t e i  naceous d rug  

d u r i n g  i s o l a t i o n .  
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PROTEIN AND POLYPEPTIDE DRUGS 297 

homogeneity. Most importantly, the homogeneous product must be 

controlled for biological a c t i v i t y  and this will require biological 

or hybrid biological-chemical methods. Developed procedures shou ld  

possess accuracy and precision approaching tha t  expected by 

industrial  s c i e n t i s t s  and FDA o f f i c i a l s  for pharmaceutical 

products. 13 

A t radi t ional  approach t o  the analysis of proteinaceous drugs 

and t h e i r  t race impurities m i g h t  involve use of a s e r i e s  of 

specif ic  t e s t s .  T h u s ,  protein content could be assayed by the 

Lowry method l4 or newer procedures using Coomassie B r i l l i a n t  

Blue.15y16 Trace determinations of nucleic acids col lect ively 

(i.e.,  DNA and R N A )  and DNA specif ical ly  could be accomplished 

through f l  uorometric procedures u s i n g  ethidium bromide" and 

4 '  ,6-diamino-2-phenyl f ndole 18"9 or a related benzimidazole 20 

respec t i  vel y. Determination of t race low molecular weight 

impurities could be affected by pub1 ished gas chromatographic 

(GC)21 and/or h i g h  performance 1 i q u i d  chromatographic (HPLC) 

methods.22 The ser ies  o f  chemical procedures would be "capped off"  

by a bioassay s tep which would quantify the act ive portion o f  the 

total  protei naceous content. This " t ra in"  of methods would 

obviously be time consuming and expensive t o  perform. Without  

modern chromatographic methods, however, there  would be no 

a l ternat ive.  We be1 ieve t h a t  recent advances i n  HPLC, i soe lec t r ic  

focusing and gel electrophoresis provide more e f f i c i e n t  approaches 

t o  the analysis and control of rDNA-derived protei naceous drugs. 

I n i t i a l  qua l i ta t ive  screening could be affected th rough  gel 
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298 SMITH AND LEE 

electrophoresis 23-25 or i soe lec t r ic  focusing, or a combination of 

the two as used i n  analytical  studies w i t h  rDNA-derived human 

insulin.  l2 Differential  staining methods are available26 for  

detecting the various biopolymeric materials which may occur i n  

proteinaceous d r u g  samples or d r u g  dosage forms (see Table 3). 

Proteinaeous components can also be sensi t ively detected ( ,. 1 ng)  

w i t h  s i lver  s ta ins .  27 

Other qua1 i t a t i v e  procedures for  rDNA-derived proteins include 

protease mapping, amino acid analyses, very h i g h  resolution nuclear 

magnetic resonance ( N M R )  spectrometry, and c i rcu lar  dichroic ( C D )  

spectrophotometry. Protease mapping involves control1 ed hydrolysis 

w i t h  a protease such as trypsin28 ( i .e . ,  resul t ing i n  so-called 

t rypt ic  mapping) or other more select ive proteases and resolution 

of result ing peptide fragments by HPLC or comparable technique. 

The HP-1 i q u i d  chromatograms produced w i t h  proteins of moderate 

molecular weight (e.g., 20,000 Daltons) are  complex and 

reproducible hydrolysis conditions can be d i f f i c u l t  t o  es tabl ish.  

Amino acid analysis involving complete hydrolysis and analysis 

of a l l  component amino acids i s  readily performed w i t h  automated 

equipment b u t  is  of limited spec i f ic i ty  w i t h  respect t o  the in tac t  

protein. Amino acid sequencing involving one-by-one removal and 

analysis of component amino acids 29y30 can provide important 

information on primary s t ructure  and would detect  miscoding. This 

technique, however, would n o t  be cost  effect ive for  routine control 

procedures. 

Very h i g h  resolution NMR methods are potent ia l ly  a means of 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PROTEIN AND POLYPEPTIDE DRUGS 299 

de te rm in ing  pr imary,  secondary and t e r t i a r y  s t r u c t u r e s  o f  rDNA 

 protein^.^' A t  present ,  however, necessary equipment ( 400 MHz) 

f o r  moderate t o  h i g h  mo lecu la r  we igh t  p r o t e i n s  i s  n o t  r e a d i l y  

a v a i l a b l e ,  i s  v e r y  expensive, and i s  un tes ted  on a wide a r r a y  o f  

prote inaceous drugs. The t e r t i a r y  s t r u c t u r e  o f  p o l y p e p t i d e s  and 

p r o t e i n s  can a l s o  be determined by CD spect rophotometry  as was used 

w i t h  human i n s u l i n .  10,12 

HPLC o f f e r s  methods o f  cho ice  f o r  t h e  i d e n t i f i c a t i o n  and 

q u a n t i  t a t i o n  o f  rDNA-derived p r o t e i n s ,  deg rada t ion  products  and 

p o s s i b l y  denatured molecules.  Recen t l y  developed i o n  exchange 

( I E ) ,  reve rse  phase (RP) and s i z e  e x c l u s i o n  (SE) HPLC column 

m a t e r i a l s  and s e p a r a t i o n  r o u t i n e s  have g r e a t  p o t e n t i a l  use fu lness  

i n  p r o t e i n  analyses. 32-35 The r e s o l u t i o n  o f  i n s u l i n s  f rom v a r i o u s  

animal sources by RP-HPLC e x e m p l i f i e s  the  powerfu lness o f  t h e  

technique. Chance - -  e t  a1 .12 separated r a b b i t ,  human and p o r c i n e  

i n s u l i n s  on an o c t a d e c y l s i l y l - b o n d e d  phase column u s i n g  a t e r n a r y  

i s o c r a t i c  s o l  ven t  system composed o f  

2 -met hoxy e t ha n o l  -ace t o n  i t r i 1 e- phosphate b u f f e r  comb i na t i on s . The 

t h r e e  i n s u l i n s  have mo lecu la r  weights  around 5,700 Dal tons and 

d i f f e r  i n  s t r u c t u r e  by one t e r m i n a l  amino a c i d  (i.e., t h e  t e r m i n a l  

carboxy- amino a c i d s  o f  t h e  A-chains o f  r a b b i t ,  human and po rk  

i n s u l i n s  a re  se r ine ,  t h r e o n i n e  and a lan ine ,  r e s p e c t i v e l y ) .  Even 

more remarkably,  RP-HPLC was used t o  develop a s e p a r a t i o n  o f  bee f  

and sheep i n s u l i n s  which d i f f e r  by a d d i t i o n  o f  a s i n g l e  g l y c i n e  

res idue  i n  t h e  A-chain (i.e., 9 - p o s i t i o n )  of  t h e  hormone from 

sheep. The i n s u l i n s  a re  n o t a b l y  l ower  i n  mo lecu la r  we igh t  than 
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300 SMITH AND LEE 

many other proteinaceous drugs, of in te res t .  The impressive 

se lec t iv i ty  achieved w i t h  RP-HPLC however, suggests tha t  analogous 

separations can be affected w i t h  higher molecular weight proteins. 

Ultimately t h i s  could led t o  methods tha t  detect  miscoding. 

Available detection systems for  HPLC (e.g., UV-visible, 

fluorescence) are readily adaptable t o  the measurement of proteins. 

In instances where higher s e n s i t i v i t i e s  are required, post co umn 

reactions involving f l  uorophore-generating reagents ( e  g., 

f l  uorescamine) can be used. 36 

Surface e f fec ts  or organic solvent modifiers may denature 

proteinaceous drugs d u r i n g  HPLC. 3 4 y 3 5  I f  precautions are taken, 

however, denaturation can be minimized. T h i s  allows coupling of 

the HPLC separation and chemical detection steps w i t h  a biological 

measurement step.  The a t t e r  may be accomplished by col lect ion o f  

chromatographic peaks followed by immunoassay or comparable 

bioassay procedures. A 1  ternat ively,  column eff luents  could be 

mixed i n  post column reactors w i t h  monoclonal antibodies or other 

complexing agents fo r  subsequent detection by nephelometry. 

Another coup1 i n g  procedure m i g h t  involve r o u t i n g  eluates th rough  

secondary imunoaffini  ty columns. Retention on the l a t t e r  column 

m i g h t  provide a measure of biological potency. These a1 ternat ive 

methods have not  been t r ied  b u t  represent possible approaches t o  

e f f ic ien t  chemical - biol ogical analyses. 

Methods developed along the l ines  outlined above will require 

careful evaluation. Of par t icular  importance will be correlat ions 

of  resul ts  w i t h  standard bioassay procedures. 
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Summary and Concl u s i  ons 

The prob lem o f  a n a l y s i s  and c o n t r o l  o f  p ro te inaceous  d rugs  has 

been rev iewed.  Un ique d i f f i c u l t i e s  a s s o c i a t e d  w i t h  d rugs  d e r i v e d  

from rDNA techno logy  have been h igh1  i g h t e d  and approaches f o r  

chemica l  and b i o l o g i c a l  assays proposed. E v e n t u a l l y ,  r e a d i l y  

a d o p t a b l e  chemica l  methods w i l l  be deve loped t o  c o n t r o l  t h e  

p r i m a r y ,  secondary and t e r t i a r y  s t r u c t u r e s  o f  b i o l o g i c a l l y  a c t i v e  

p r o t e i n s .  These methods c o u l d  e l i m i n a t e  t h e  need f o r  Federa l  

c e r t i f i c a t i o n  of many " b i o l o g i c s "  much as s i m i l a r  requ i remen ts  f o r  

a n t i b i o t i c s  were abandoned a f t e r  t h e  development o f  s p e c i f i c  

a n a l y t i c a l  chemica l  p rocedures .  
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