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Abstract 

An isocratic reversed-phase high-performance liquid chromatography (RP-HPLC) method for the determination of human 
growth hormone (hGH) directly in osmotic shock fluids is described. This methodology allows an initial rapid evaluation of 
the quality and quantity of hGH being secreted in the bacterial periplasmic space right after, or even during fermentation. 
Considering that RP-HPLC does not identify size isomers, these were determined via a parallel run of the same osmotic 
shock fluid on high-performance size-exclusion chromatography, coupled with radioimmunoassay, of the eluted fractions. 
The methodology provides a complete picture, within 24 h from the beginning of the fermentation process, of the 
recombinant protein being produced with respect to its activity, identity, yield, and hGH-related contaminants. These latter 
include sulfoxide and desamido derivatives, dimer and high-molecular-mass forms. © 1997 Elsevier Science B.V. 
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1. Introduct ion 

Recombinant DNA-derived human growth hor- 
mone (rhGH), when expressed in genetically modi- 
fied bacteria, can be directly stored as insoluble 
cytoplasmic inclusion bodies [i,2] or secreted in the 
periplasmic space thanks to the introduction of  a 
suitable leader sequence [3-6]  in the constructed 
expression vector. The recombinant proteins ob- 
tained via this last type of  construct and extracted 
from osmotic shock fluids do not have an extra 
N-terminal methionine, are properly processed and 
folded, do not need solubilization and renaturation 
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and, consequently, are practically identical to the 
natural ( 'authentic ')  form [3,4,7-9]. Osmotic shock 
fluids obtained right after, or even during, the 
bacterial fermentation process are therefore an ideal 
medium for a reliable, early evaluation of product 
yield and quality, prior to purification. 

Several physico-chemical analytical techniques for 
the quantitative and qualitative estimation of  hGH 
have been described, such as sodium dodecyl sul- 
fate-polyacrylamide gel electrophoresis (SDS- 
PAGE) frequently combined with immunoblotting 
[2,4,5,7,10-12], isoelectric focusing [12], capillary 
electrophoresis [ 13,14] size-exclusion [ 15], reversed- 
phase [16,17] and hydrophobic-interaction [12,1811 
high-performance liquid chromatography (HPLC). 
However, with the exception of  denaturing SDS- 
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PAGE and immunoblotting, most of these techniques 
are applied to purified or semi-purified hGH lots, in 
order to quantify the unmodified hormone together 
with the so-called GH-related forms. There have 
been very few reports of the determination of hGH, 
or indeed of other recombinant proteins, in fermen- 
tation broth matrices. Folena-Wasserman et al. [19] 
developed an automated RP-HPLC assay based on a 
linear gradient of acetonitrile containing 0.05% 
trifluoroacetic acid, to measure the concentration of a 
recombinant malaria circumsporozoite protein during 
both fermentation and purification, with the objective 
of reliably evaluating product yield prior to purifica- 
tion. Hummel et al. [20] purified IGF-I and IGF-II, 
obtained as fusion proteins from the insoluble frac- 
tion of crude bacterial lysate, using a rapid one-step 
HPLC separation technique based on a C 8 reversed- 
phase column and a gradient of 2-propanol in formic 
acid. Strege and Lagu [21] described a method for 
the isocratic RP-HPLC determination of recombinant 
methionyl-aspartyl-human growth hormone in E. 
coli fermentation broth via sulfitolysis solubilization 
employing a mobile phase containing n-propanol and 
SDS under micellar conditions. All these methods 
are based on labor-intensive sample manipulation 
and the use of harsh conditions, necessary because 
the target molecules are present inside the organism 
as inclusion bodies in an insoluble, denatured state. 
As far as we are aware, in the case of recombinant 
proteins secreted in soluble form in bacterial perip- 
lasmic space, only one analytical method has been 
described. Thus, very recently, McNerney et al. [22] 
described a free-zone capillary electrophoresis 
(FZCE) method for the direct monitoring and quality 
control of hGH in E. coli cell pellet extracts that can 
resolve rhGH from the following variants: two-chain 
forms, hGH lacking the first or first two N-terminal 
amino acids (desPhehGH and desPheProhGH) and 
deamidated and dideamidated hGH. 

The purpose of the present study is therefore to 
apply and validate an isocratic RP-HPLC technique 
for the direct determination of the amount of hGH 
being secreted in bacterial shock fluids, together with 
the percentage of undesirable hGH-related forms, 
like sulfoxide and desamido-derivatives. Concerning 
the determination of aggregates and dimeric forms of 
hGH in the same osmotic shock fluids, a study was 
carried out applying high-performance size-exclusion 

chromatographic (HPSEC) determination to RP- 
HPLC eluted samples. Although several sets of 
experimental conditions were tried, this approach 
failed to provide satisfactory results, probably be- 
cause most of the hGH oligomers and aggregates are 
dissociated by the organic modifier during RP-HPLC 
[23]. Good results were obtained instead by perform- 
ing a rapid immunoassay determination on the 
HPSEC-eluted fractions of the same periplasmic 
extract, thus providing an early estimate of the 
amount of dimer and high-molecular-mass (HMM) 
forms. On the basis of this evaluation it may be 
possible to adjust and correct the fermentation 
conditions, avoiding an unnecessary, time-consuming 
and expensive purification process and, more im- 
portantly, permitting investigation of the causes and 
moment at which alterations occur. 

2. Materials and methods 

2.1. Chemicals and reagents 

Water was obtained from a Millipore 'Milli-Q 
plus' water purification system (Bedford, MA, USA). 
Acetonitrile and n-propanol (HPLC-grade) were 
from Grupo Quimica (Rio de Janeiro, Brazil). All 
other chemicals were analytical reagent grade. Re- 
combinant clinical-grade hGH lots, the secondary 
standard of rhGH (BRP-3) with a specific activity of 
2.5 IU/mg and purified rhGH for radioiodination 
were prepared in our laboratory [24], while the First 
International Standard for Somatropin (recombinant 
DNA-derived human growth hormone) coded 88/ 
624, with a formally assigned specific activity of 3.0 
IU/mg [25], was kindly provided by the National 
Institute for Biological Standards and Control (South 
Mimms, UK). Pituitary human growth hormone 
reference preparation from the National Institute of 
Diabetes and Digestive and Kidney Diseases 
(NIDDK-hGH-RP-1) and antiserum (NIDDK-anti- 
hGH-2) were kindly provided by the National Hor- 
mone and Pituitary Program (Baltimore, MD, USA). 
Na~25I free of carriers and reductant, was purchased 
from Nordion Europe (Fleurus, Belgium) with a 
specific activity of 300-600 mCi/ml (11 100- 
22 200 MBq/ml) and Sephadex G-100 from Phar- 
macia Biotech (Uppsala, Sweden). Human blood- 
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based Immunoassay Quality Controls (Dade Tri- 
level) were purchased from Baxter Diagnostic (Deer- 
field, IL, USA). 

2.2. Feed batch fermentation of  transformed E. 
coli strains 

The equipment consisted of a 20-1 Laboratory 
Bioreactor (MBR, Zurich, Switzerland). The pH, 
temperature, aeration and foam level were auto- 
matically controlled while the agitation and dissolved 
oxygen tension (DOT) were set up manually, ensur- 
ing a DOT of approximately 40% during the whole 
process. Transformed E. coli was grown under 
selective conditions (12.5 ~g/ml  of tetracycline) in a 
complex culture medium which was a two-fold 
concentrate of the HKSII medium described by 
Jensen and Carlsen [26]. As carbon source the 
glucose feed started at the beginning of the process, 
going on for 5 h with a feeding rate of 1.2 g/1.h ~. 
After 5 h at 30°C, having reached an absorbance 
(OD) of 6 -7  Aro o units, activation was carried out at 
42°C for 6-7  h. 

detector (ISCO, Lincoln, NE, USA) was used, 
employing the 'Chem Research 150 Chromatograph- 
ic Data Management/System Controller' software, 
also from ISCO. The column was a C 4 Vydac 214 
TP 54 (25 cmX4.6 mm I.D., pore diameter of 300 
and particle diameter of 5 >m) with a guard column 
(Vydac 214 FSK 54) between the sample injector 
and the main column and a silica precolumn packed 
with LiChrosorb Si 60, 7.9-12.4 t.tm (Merck, Darm- 
stadt, Germany) located between the pump and the 
injector. All Vydac columns were purchased from 
The Separation Group (Hesperia, CA, USA). The 
mobile phase consisted of 71% Tris-HCl buffer (50 
raM, pH 7.5) and 29% n-propanol, as described by 
Riggin et al. [16], with a flow-rate of 0.5 ml/min, 
detector wavelength at 220 rim, column temperature 
maintained at 45°C and a sample volume of 40-70 
Ixl. The guard column lifetime was approximately 
100 injections, while the main column lifetime was 
approximately 200 injections, most of the samples 
applied (-80%) being osmotic shock fluids. 

2.5. HPSEC 

2.3. Osmotic shock 

Periplasmic-osmotic shock fluid from hGH- 
producing or -non-producing transformed E. coli 
strains was obtained by the method of Koshland and 
Botstein [27]. Briefly, on the microscale, 1.5 ml 
fermentation broth with 1.0 Ar00 unit was cen- 
trifuged at 16 000 g for 2 rain and the pellet was put 
on ice. All subsequent steps were carried out at 4°C. 
Pellets were resuspended in 0.15 ml of ice-cold 10 
mM Tris-HC1, pH 7.5, containing 20% (w/v) suc- 
rose. Then 5 >1 of 0.5 M EDTA, pH 8.0, were added 
and incubation on ice was continued for 10 min. The 
cells were then microcentrifuged and the pellet 
rapidly resuspended by vigorous agitation in 0.1 ml 
of cold 1 mM Tris-HCl, pH 7.5, solution. The 
mixture was incubated tor 10 min on ice and then 
centrifuged again for 5 rain. The supernatant was 
removed and saved as the periplasmic fraction. 

The same ISCO system described above was used. 
Columns were either G2000SW or G3000SW (60 
cmX7.5 mm I.D., particle size of 10 i.zm and pore 
sizes of 125 or 250 ,~, respectively) with a 7.5 
crux7.5 mm I.D. SW guard column. These columns 
were purchased from TosoHaas (Montgomeryville, 
PA, USA). The mobile phase was 0.025 M am- 
monium bicarbonate, pH 7.0, with a flow-rate of 1.0 
ml/min and detection at 220 nm as described [15]. 
The sample volume was 10-100 ~1. Guard columns 
could be used for approximately 150 runs, while the 
main columns were used for approximately 400 runs. 
Washing the column with 0.5 M Na2SO 4, pH 2.7, 
extended column lifetime to 50-100 additional runs. 

The primary and secondary standards of rhGH 
were routinely used to check column performance 
for both RP-HPLC and HPSEC. 

2.6. Radioiodination 

2.4. RP-HPLC 

An ISCO Model 2350 isocractic HPLC apparatus, 
coupled to a V4 variable wavelength absorbance 

The ~25I-labelling of rhGH was carried out using a 
modification of the original Chloramine T technique, 
as described in previous work [24], employing 0.8- 
1.0 mCi (29.6-37.0 MBq) of radioisotope, 5 txg of 
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hormone and 0.8 txg of chloramine T. In some 
experiments, rhGH obtained in this laboratory was 
purified by HPSEC on a G2000SW column and only 
the central fraction of the peak used for radioiodina- 
tion in order to obtain a tracer completely free of 
dimer and HMM forms. 

2. 7. Radioimmunoassay 

Radioimmunoassays (RIAs) were carried out with 
simultaneous addition of all reagents: tracer (25 000 
cpm), reference preparation or unknown samples and 
first antibody (1/300 000 final dilution). Incubation 
was carried out for 2 h at 4°C in 0.01 M phosphate 
buffer, pH 8.6, with 0.1% bovine serum albumin 
(BSA) using a liquid-phase second-antibody tech- 
nique, with 1.5-h incubation at room temperature for 
the separation of the antibody-bound hormone. In 
each assay, commercial preparations of low-, inter- 
mediate- and high-level quality controls were used. 

3. Results 

As shown in Fig. 1, the RP-HPLC chromatogram 
of an osmotic shock fluid obtained from a bacterial 
strain transformed with an expression vector in 
which only the hGH gene had been deleted, ex- 
hibited a large amount of E. coli proteins, all eluting 
with low retention time and practically no com- 
ponents with t R > 15 min. Under the same conditions, 
when the expression vector carries the hGH gene, a 
clean peak of the hormone appears with a t~ of 
approximately 31 min. This is confirmed by the hGH 
RIA profile of the eluted fractions, showing the 
absence of cross-reactions between hGH and E. coli 
proteins in both chromatograms. These data indicate 
that RP-HPLC can be used to determine the hGH 
content directly in bacterial extracts before purifica- 
tion, or even during the fermentation process. To- 
gether with the determination of the hGH content it 
is also possible to estimate the amount of deamidated 
and suifoxide derivatives present at a given time, as 
can be appreciated from the two small immuno- 
reactive peaks preceding the main hGH peak in Fig. 
1B, one of which presents the same relative retention 
time (0.92) as the small altered component present in 
the International Standard of Somatropin (Fig. 2). 

The accuracy of hGH determination was confirmed 
by RP-HPLC analysis of known amounts of hGH in 
the presence of E. coli proteins obtained from 
osmotic shock fluids of the same strain analysed in 
Fig. 1A. Recoveries were always above 94%, while 
the percentage of altered forms did not increase in 
comparison with the amount (4.3%) present in the 
original preparation of rhGH used for the test (data 
not shown). The correlation between added and 
recovered hGH was highly significant, while practi- 
cally no bias was introduced: y . . . . .  = l'005Xaaded-- 
0.175 (r=0.9997; P<0.001 for n=8).  We should 
also observe that samples were constructed using 
either variable amounts (50-90%, v/v) or a fixed 
amount (50%) of the same shock fluid. 

In order to have an immediate indication of the 
amount of dimer and HMM forms as well, we tried 
to analyse an aliquot of the hGH peak eluted from 
RP-HPLC by HPSEC. This study was carried out by 
using a local standard of rhGH (rhGH-BRP-3), in 
which the percentage of each of these forms was 
known. Unfortunately, this determination turned out 
to be impossible since these oligomers and polymers 
are apparently partly or totally dissociated to mono- 
meric hGH under RP-HPLC conditions. This is 
confirmed by the experiment presented in Fig. 3, 
where an oligomeric variant of hGH, obtained as a 
side product of the first purification step (size-exclu- 
sion chromatography on Sephadex G-100) of bacteri- 
ally derived hGH, is analysed on HPSEC (Fig. 3A). 
After running a second sample of the same side 
product on RP-HPLC, thus confirming that it was 
mostly hGH, an aliquot of the RP-HPLC-eluted peak 
was run on HPSEC. As shown in Fig. 3B, at this 
point practically only the monomeric form of hGH 
(tR= 13.93 min) is present. In this particular case the 
oligomeric form had been identified as a trimer on 
the basis of its relative retention time (0.82_0.01), 
determined on rhGH-BRP-3, as compared to the 
retention time of the monomeric form, determined 
with the International Standard in the same experi- 
ment, of 13.83 min. 

In the light of these data we decided to employ a 
rapid RIA scanning of HPSEC-eluted fractions to 
detect the possible presence of dimer or HMM forms 
in osmotic shock fluids. In initial tests carried out 
using the International Standard of Somatropin, 
shown in Fig. 4, the dimer and HMM forms were 
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found to be immunoreactive, even though the larger 
aggregates present, as expected, a lower activity. 
Statistical analysis of RIA determinations (n=6) on 
this same standard provided the following data: 
monomer 98.1%; dimer 1.35%; trimer 0.22%; and 
aggregate 0.26%; a result that compares well with 
the average results of the International Collaborative 
Study [25]: 97.1% monomer; 1.93% dimer; and 
0.87% HMM. In order to quantify better the different 

immunological activities of hGH oligomeric and 
polymeric forms, this type of determination was 
repeated on the local standard of rhGH, which 
contains these altered forms in greater amounts than 
the International Standard. The trimer was also 
determined in this study since it is resolved on these 
long columns (60×0.75 cm G2000SW and 
G3000SW). The results, presented in Table 1, show 
a good agreement between RIA and HPSEC de- 
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termination (HPLC/RIA close to 1) for the mono- 
mer and dimer. In the case of trimer and aggregates, 
increasingly larger HPLC/RIA ratios were obtained, 
indicating that these components may present 2 -7  
times less immunoactivity then the monomer. A 
cumulative HPLC/RIA=5.1 for HMM forms 
(trimer+aggregate) was found. Furthermore, as illus- 
trated by this experiment, even if the relative stan- 
dard deviation (R.S.D.) is quite high for the de- 
termination of oligomers and polymers (especially in 
the case of RIA), there is good agreement between 
HPLC and RIA total sample quantification, with a 
bias generally inferior to 5%. This point must be 
emphasized, especially since two different standards 
were used: WHO 88/624 for HPLC and NIDDK- 
RP1 for the RIA. 

These results show that it is possible to determine 
with sufficient reliability the amount of dimer and 
HMM forms present in different osmotic shock fluids 
by running a RIA on HPSEC-eluted fractions. In Fig. 
5 we show an example of periplasmic extract in 
which the hGH peak is only partly resolved; without 
RIA, it would be impossible to estimate hGH 
correctly or, obviously, to infer the existence of 
oligomeric and polymeric forms. In Table 2 the 
results of this type of determination carried out on 
eight different osmotic shock fluids are reported. 

Calculations can be simplified by considering the 
trimer together with the aggregates, thus obtaining, 
after correction, for the osmotic shocks reported in 
Table 2, 3-17% HMM together with 2 -5% dimeric 
forms. 

We have shown that RP-HPLC can be used to 
calculate the amount of rhGH and desamido/sulfox- 
ide derivatives present in osmotic shock fluids and 
that HPSEC, coupled to RIA determination on the 
eluted fractions, can give an estimate of the amount 
of HMM forms and dimer. In Fig. 6 and Table 3, an 
example is given of how the RP-HPLC methodology 
can be applied to follow as closely as possible the 
fermentation and activation process. Under our con- 
ditions, 6 h seems to be the best activation time, 
combining the highest hGH secretion with a low 
amount (6.6%) of altered derivatives. HPSEC-RIA 
analysis of this same osmotic shock fluid also 
confirmed the presence of minimal amounts of dimer 
and HMM forms (about 7% after correction). 

4. Discussion 

The methodology described here allows a rapid 
and accurate determination of hGH prior to purifica- 
tion, as well as an estimation of most GH-related 
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der ivat ives ,  secreted in E s c h e r i c h i a  col i  per ip lasmic  

space. The  isocrat ic mice l la r  R P - H P L C  technique 

descr ibed by Strege and Lagu [21], also based on a 

C 4 packing,  was in fact  appl ied to m e t h i o n y l - a s -  

p a r t y l - h G H - i n s o l u b l e  inclusion bodies.  Besides  

being more  laborious and requir ing a long sulfitolysis 

reaction, unnecessary in our  case, their method  

cannot  de termine  most  o f  the GH-re la ted  forms,  

which are all conver ted  into a single molecu la r  entity 

by SDS.  The same can be said concern ing  the 
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determination of other recombinant proteins in fer- 
mentation broth [19,20]. The previously mentioned 
FZCE approach recently described by McNerney et 
al. [22] for rhGH determination in sonicated E. coli 
extracts, also appears to be a very powerful tool for 
this type of analysis and, as stated by the authors, it 
should be applicable to osmotic-shocked cells. This 
method, however, does not determine sulfoxide, 
dimer or HMM forms, and has the disadvantage of 
requiring capillary flushing after each run in order to 
maintain a reproducible hGH migration time. 

The present RP-HPLC determination of hGH in 
osmotic shock fluid can be carried out in about 30 

min,  at  any  m o m e n t  du r ing  or  af ter  the  f e r m e n t a t i o n  

process ,  a lso p r o v i d i n g  an es t imate  o f  the  a m o u n t  o f  

d e s a m i d o  and  su l fox ide  der iva t ives .  Th i s  is ex t r eme-  

ly i m p o r t a n t  for  se t t ing  up  good  f e r m e n t a t i o n  and  

pur i f ica t ion  cond i t ions ,  s ince  a p repa ra t ion  wi th  a 

low sec re t ion  yie ld  will  be  very  diff icul t  to pur i fy ,  

espec ia l ly  f rom hos t  ce l l -de r ived  pro te ins .  On the  

o the r  hand ,  h i g h  a m o u n t s  o f  d e s a m i d o / s u l f o x i d e  

de r iva t ives  are also h igh ly  undes i rab le ,  s ince  these  

c o m p o n e n t s  c a n n o t  eas i ly  be  separa ted  f rom the 

una l t e red  f o r m  of  the  h o r m o n e  due  to the s imi lar i ty  

o f  the i r  p h y s i c o - c h e m i c a l  proper t ies .  W e  have  s h o w n  

in this  respec t  that ,  by  care fu l ly  con t ro l l i ng  the  

Table l 
Analysis by HPSEC-RIA of the secondary standard of rhGH 

Assay no. Monomer Dimer 

RIA HPLC RIA HPLC 
(~g) (~g) (~g) (~g) 

Trimer Aggregates Total 

RIA HPLC RIA HPLC ILIA HPLC 
(~g) (~g) (~g) (~g) (~g) (~g) 

l 23.0 21.0 1.30 
2 23.3 22.3 3.08 
3 23.8 22.8 2.02 
4 23.3 22.5 2.85 
5 24.2 22.0 1.63 
Average 23.5 22.12 2.18 

+R.S.D. (%) 2.0 3.1 35.2 
% of Total 90.7 88.5 8.4 
HPLC/RIA 0.94 

1.75 0.06 0.26 0.051 0.35 24.4 23.4 
2.80 0.20 0.50 0.092 0.59 26.7 26.2 
1.88 0.11 0.23 0.050 0.46 26.0 25.4 
2.45 0.11 0.32 0.051 0.34 26.3 25.6 
2.04 0. I 0 0.20 0.047 0.39 26.0 24.6 
2.18 0.12 0.30 0.058 0.43 25.9 25.0 

20.0 42.7 39.7 32.7 24.0 3.4 4.3 
8.7 0.46 1.2 0.23 1.72 100 100 

1.0 2.5 7.4 



S. Dalmora et al. / J. Chromatogr. A 782 (1997) 199-210 207 

ChemResearch Data ~ t e m  1 ~  

hGH r 
tl 

IJg/mL[ 
#L 

l O .  S "'l 
c 
A 
1 

5 e 

0 .0  T i ~  (minutes) 30.000 

Fig. 5. lsocratic HPSEC on a G2000SW column of an osmotic shock fluid obtained from an hGH-secreting E. coli strain. A ~,, ...... ( 
hGH activity (- .  -) determined by RIA against NIDDK-hGH-RP-I. 

activation time, these derivatives can be reduced to 
less than 7% (see Table 3). This is relevant if we 

consider that the latest monograph of the European 
Pharmacopeia on Somatropin established a limit of 
acceptability for these forms of 10% for bulk materi- 

al and of 13% for the injectable product [28]. In 
addition, this methodology applied to osmotic shock 

fluids may also allow the simultaneous determination 

of E. co l i  proteins present in the extract by analysing 
the same chromatogram at a lower amplification (see 

Fig. 1) in order to quantify the sum of peaks eluting 

at tR<15 rain, which are perfectly resolved from 
hGH. 

We were not able to detect accurately dimer and 

HMM forms by sequential RP-HPLC-HPSEC con- 

firming previous observations of partial or total 

dissociation of oligomers and polymers under these 
RP-HPLC conditions [15,29]. This approach can, 
however, be utilized preparatively to obtain rapidly 

small amounts of relatively pure product, useful for 
different applications such as antigen or tracer 

preparation. The immunochromatographic detection 

of these forms, combining HPSEC with RIA, was 
successful and the whole analysis can be carried out 

in about 4 h. Thus, if necessary, the entire set of 

results, including the two chromatographic analyses 
and RIA, can be obtained on the same day that 

fermentation starts. Dimer and HMM forms can be 

Table 2 
HPSEC RIA analysis of osmotic shock fluids 

Shock no. HMM Dimer Monomer Fermentation yield 
(%) (%) (%) (Ixg hGH/ml/A,,,,,) 

F-065 2.40 2.5 95.1 1.73 
F-066 2.10 3. I 94.8 3. l I 
F-077 0.63 2.3 97.1 1.64 
F-079 3.90 3. I 93.0 0.64 
F-082 3. l0 4.6 92.3 1.55 
F-088 0.68 3.2 96.1 0.77 
F-089 0.82 3.0 96.2 0.69 
F- 100 1.50 2.3 96.2 1.13 



208 S. Dalmora et al. / J. Chromatogr. A 782 (1997) 199-210 

M 
aom~uma~b m-'- Ibpt~ L~D 

S . . . .  ' . . . .  ' . . . .  ' . . . .  ' . . . .  ' . . . .  ' . . . .  ' . . . .  
O.O T ~  (mmlm* , ' - )  dNo.NI 

~nmmm~om,¢lm h ~  ~ 150 

5 ' - - -  - ,  . . . .  , . . . .  , . . . . . . . .  , . . . .  , . . . .  , . . . .  
| , 1  TL I I  ( I  I I l t l l l  ) W ,  i l l  

ammmmmaFch  h ~  ~ 1~  

t R = 2 9 . 0  

,,-'2.. ..... ~ 
O.O Tlglm ( i l I  l l $1s  ) W . N O  

I : i n l ad l uua rTJm k tam ~ ~ 

tR=29.3 

qD.O T im  (n lmau l~ )  W .qlUo 

.50 
h t a  ~ m  IM 

t R=29.5 

6.6% 

O.O T l w  Imlnnm~) W . m  

m 

t R = 2 9 . 3  

g.D TInE ( m l R l ~ )  M.~ 

Fig. 6. Isocratic R P - H P L C  of  d i f f e r e n t  o s m o t i c  s h o c k  fluids obtained d u r i n g  f e r m e n t a t i o n ,  a t  d i f f e r e n t  a c t i v a t i o n  times, t R, retention t ime 

(min), /'A" act ivat ion t ime (h). Darkened  a r e a s  i n d i c a t e  the amount  of  desamido / su l fox ide  d e r i v a t i v e s .  

more readily eliminated than desamido/sulfoxide 
derivatives, especially considering the usual presence 
of a gel filtration step in any purification process. 
However, these polymers can form very easily, 

especially during lyophilization and, since their limit 
of acceptability is quite low (4% for bulk material 
and 6% for the injectable product), it is very 
important to control their presence and formation 
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Table 3 
Fermentation analysis: choice of ideal activation time 

209 

Activation time (h) RP-HPLC 

t~ Yield Desamido/sulfoxide 
(rain) ( Ixg hGH/ml/A (,,,,) ( c/, t 

HPSEC-RIA 

t R Dimer HMM 
(rain) (c/~ ) ( ~  ) 

0 29.(50 0.06 I1.4 
2 29.00 (5.47 10.7 
4 29.00 0.76 7.6 
5 29.3(5 0.72 6.2 
~ 29.50 0.84 6.6 
7 29.30 0.45 15.6 

14.38 6.1 1.9 
14.27 9.(5 2.6 
14.(50 4.9 2.3 
13.93 5.3 1.4 
14.77 3.0 0.8 
14.50 3.6 1.1 

f rom the outset .  Surp r i s ing ly  enough ,  we have  found  

that  the a m o u n t  of  these  fo rms  is re la t ive ly  low in 

bacter ia l  shock  fluids, sugges t ing  that ,  unde r  our  

cond i t ions ,  bac te r i a  do  not  seem to secrete  cri t ical  

a m o u n t s  o f  aggrega te s  of  r h G H  resu l t ing  f rom the  

incorrec t  p r o c e s s i n g  of  disuf ide bonds ,  at least  in 

so luble  t o rm  [22]. In our  case,  we be l i eve  that  such  

p o l y m e r s  p r o b a b l y  ar ise  dur ing  the initial m a n i p u l a -  

t ions.  

Final ly ,  it is in te res t ing  to o b s e r v e  that  the d imer ic  

form of  r h G H  cons i s t en t ly  p re sen ted  the same  i m m u -  

no logica l  act ivi ty  as the m o n o m e r ,  con f i rming  to a 

cer ta in  ex ten t  the data  ob ta ined  by  B e c k e t  et al. [30] 

in a po lyc lona l  R I A  sys tem.  This  is qui te  d i f fe ren t  

f rom the repor ted  b ioac t iv i ty  of  G H  d i m e r  ( h u m a n  or  

bov ine)  which ,  acco rd ing  to l i tera ture  data,  r anges  

f rom 0 to 6 0 %  of  the full act ivi ty  o f  the m o n o m e r  

[15 ,30 -331 .  On the o ther  hand ,  aggrega tes  o f  r h G H  

(we did not  find any  data  for  the t r imer)  a lways  

p resen ted  a very  low i m m u n o a c t i v i t y  in the p resen t  

work,  a resul t  that  is cons i s t en t  wi th  l i terature  data  

[32,341. As far  as we are aware ,  this  is the first t ime 

that  the i m m u n o l o g i c a l  ac t iv i ty  of  this  H M M  form of  

h G H  has  been  de te rmined .  
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