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DEAMIDATION:
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(hGH) is a 191 amino
acid residue protein of major pharmaceutical

importance. Several asparagine, glutamine,
and aspartic acid residues are present, but
their reactivities towards deamidation and

. -ﬁ-‘@@@'@@@'@aa
isomerization varies, dependent upon the spa- ® &>
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tial position of the residues in the three dimen-

sional structure of the growth hormone mole-
cule.

Primary structure of human growth hormone (hGH).



ALTERNATIVE PHYSICO-
CHEMICAL SEPARATION
PRINCIPLES FOR ESTI-

MATING ISO-ASP(130) GH

Due to the above mentioned disadvantages
of the cation exchange analysis, it was in-
vestigated whether

Capillary zone electrophoresis,

Capillary Isoelectric Focusing, or
Hydrophilic Interaction Chromatography
could be used for the separation of growth

hormone variants involved in isomerization
and deamidation.

Alternative physico-chemical... (cont'd)

Capillary zone electrophoresis

Utilizing conventional techniques, it was
possible to separate a degraded GH prepa-
ration in one major and two minor compo-
nents which contained

cyclic imide(130)GH

GH

desamido(149)GH + desamido(152)GH.

The fraction containing the two deamidated
GH variants was heterogenous, but no
separation was obtained.

A CZE separation of GH variants compara-
ble to the cation exchange method has not
been published in the literature.



A new analysis, cont'd

Effect of pH in formulation

i A new analysis, cont'd

" ; Used in combination with other
|IqUId_$. A balanc‘? betwe_en chromatographic techniques, the re-
deamidation and isomeriza- sultant changes in deamidation and
tion isomerization following variations in

v imarsonon the physico/chemical milieu during
pooomee o downstream processing, storage,

o i Wosspli0IOH . and formulation, can be predicted.

Desamido(149)asp-GH
Desamlido(149)iso-asp -GH

Desamldo(152)iso-asp -GH
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Cation exchange chromatography of GH samples formulated at

pH 3.00, 6.15, and 9.00 and thereafter stored at 25 °C for two b s The sum of deamidation, succinimide formation and isomerization
weeks before analysis. Note the shift from almost total isomeriza- } seems to be minimal around pH 6. (pH 3 is the lowest of all the pH
tion (pH 3.00) to almost total deamidation (pH 9.00), and the In- ! points tested. However, at this pH, substantial amounts of clip-

termediate pH 6.15, where isomerization as well as deamidation ped GH was found to be present, a variant virtually not formed
can be demonstrated. : above pH 3).



A new analysis, cont'd

Effect of variations of the
mobile phase pH (high con-
tent of iso-asp(130)-GH):
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Catlon exchange chromatography of a degraded GH sample con-
taining app. 17% iso-asp(130)GH. A PolyCAT A column was
eluted at pH 4.00, 4.15, 4.25 and 4.35, respectively with an am-
monium acetate gradient in 40% acetonitrile. Peak identification:

See previous figure.
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A new analysis, cont'd

Effect of variations of the
mobile phase pH (low con-
tent of iso-asp(130)-GH):
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Cation exchange chromatography of a degraded GH sample con-
taining app. 1.5% Iso-asp(130)-GH. A PolyCAT A column was
eluted at pH 4.00, 4.15, 4.25 and 4.35, respectively with an ammo-
nium acetate gradient in 40% acetonitrile. Note the much more
pronounced effect of the pH changes upon the resolution between
iso-asp(130)-GH and GH when only 1.5% iso-asp(130)-GH is pres-
ent. Peak identification: See previous figure.




A new analysis, cont'd

A new cation exchange
chromatographic
analysis.......

Advantages:

Unrivalled selectivity towards closely re-
lated growth hormone variants - the only
method available for estimating the content
of iso-asp(130)GH in GH preparations

Disadvantages:

Long analysis time (135 min)

Sensitive towards changes in pH and ace-
tonitrile content

A new analysis, cont'd

Effect of variations of thé
acetonitrile content in the
mobile phases:
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Catlon exchange chromatography of a degraded GH sample con-
taining app. 17% Iso-asp(130)GH. A PolyCAT A column was elu-
ted at pH 4.25 with an ammonium acetate gradient in 35%, 40%,
and 45% acetonitrile, respectively. Note the change In resolution
between desamido(149)asp-GH, iso-asp(130)-GH, and GH.




A NEW ANALYSIS FOR hGH
VARIANTS: CATION EX-
CHANGE CHROMATOGRA-
PHY
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Cation exchange chromatography of a hGH preparation which
were incubated at 37 °C in bicarbonate buffer, pH 8,3. A PolyCAT
A (PolyLC, Inc.) column was eluted at 30 °C with an ammonium
acetate gradient in 40% acetonitrile, pH 4,25.

A new analysis, cont'd

Identification of the hGH variants:

The GH peak, the desamido(149) and the des-
amido(152) peaks were isolated from the pre-
parative anion exchange chromatography de-
scribed above. These components were then
injected in the cation exchange system, and
the resultant peaks were isolated and identified
utilizing various alternative chromatographic
hGH analyses, mass spectrometry and - espe-
cially - tryptic mapping.

Upper trace: Catlon exchange chromatography of a degraded GH
sample (two weeks at 37 °C). Lower frace: Cation exchange chro-
matography of a “GH fractlon” Isolated from preparative anion
exchange chromatography of the degraded GH sample (see In-
sert). DPP-GH = des-PhePro-1,2 GH, i.e. GH where the first two N-
terminal amino acids (Phe and Pro) have been cleaved off, re-
sulting in a residue 3-191 GH molecule.
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Upper trace: Cation exchange chromatography of a degraded GH
sample (two weeks at 37 °C). Lower trace: Cation exchange chro-
matography of a “desamido 149” fraction isolated from prepara-
tive anion exchange chromatography of the degraded GH sample
(see insert). Previously identified components are marked *.
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Middle trace: Cation exchange chromatography of a degraded GH
sample (two weeks at 37 °C). Lower trace: Cation exchange chro-
matography of a “desamido 152” fraction isolated from prepara-
tive anion exchange chromatography of the degraded GH sample
(see insert). Upper trace: A mixture of 50% original sample and
50% Isolated desamido(152)GH. Previously identified components
are marked *.
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A new analysis, cont'd

des(162)iso-asp

qas(149)+lso-asp{130)

des(149)+(152)

des(152)+iso—asp(130)

des(149)asp

iso—asp(130)
GH
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Cation exchange of a degraded GH sample with identified vari-
ants. With the exception of cyclic imide(149)GH and cyclic imide-
(152)GH, all variants involved In deamidation of asn 149 and of
asn 152, and In isomerization of asp 130, have been identified.
Note that “double derivatives” (i.e. deamidated des-PhePro-1,2
GH's, etc.) have been Identified, as well. Two minor peaks
(marked ?) have not been identified, so far.



Established analytical methods, cont’'d

Anion-exchange .
chromatography:

The components detected in this chroma-
tographic analysis have been referred to as
“GH”, “desamido 149”, “desamido 152” and
“didesamido 149+152”. The variants present in
these peaks are:

GH:
GH
iso-asp(130)GH
desamido(149):
asp(149)GH
iso-asp(149)GH
desamido(152):
asp(152)GH
iso-asp(152)GH

Cyclic imide(130)GH is eluted just before the
GH peak, whereas the elution positions of cy-
clic imide(149)GH and cyclic imide(152)GH are
unknown.

Established analytical methods, cont'd
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Analytical Mono Q column (Pharmacia), eluted with an ammo-
nium acetate gradient, pH 5.25. The GH sample contains app. 20

% deamidated GH.
GH F desamido(149)GH

T3.04

desamido(162)GH

Preparative Resource Q column (Pharmacia) eluted as described
above. The GH sample contains app. 80 % deamidated GH.




Introduction, cont’d

Degradation studies of hGH in solution, as

well as of lyophilized hGH formulations, should
therefore - in addition to addressing oxidation,
aggregation, etc., involve separation and quan-
titation of all the deamidation/isomerization
variants:

Deamidation:

asp(149)GH
iso-asp(149)GH
cyclic imide(149)GH

- (from asn 149)

asp(152)GH (from asn 152)
iso-asp(152)GH

cyclic imide(152)GH

Isomerization:

iso-asp(130)GH
cyclic imide(130)GH

(from asp 130)

ESTABLISHED ANALYTICAL
METHODS:

The two established methods for detecting and
quantitating deamidation in GH preparations
are PAGE (polyacrylamide gel electrophoresis)
and anion exchange chromatography.

PAGE

« Main band GH
iso-asp(130)GH

o “desamido GH”  asp(149)GH
iso-asp(149)GH
asp(152)GH
iso-asp(152)GH

¢ “didesamido GH” desamido 149+152

PAGE reveals, in addition to a major band, two
additional bands, which have been referred to
as “desamido GH* and “didesamido GH”. The
most probable distribution of GH variants in
the three bands are given above.



Alternative physico-chemical... (cont'd)

Capillafy isoelectric focusing

The separation of degraded GH samples,
utilizing isoelectric focusing in polyacryl-
amide gels, revealed a separation capacity
of GH variants which made this separation
technique of potential interest.

(See poster P-1608-W, displayed January 7,
1998, 1.00 PM - 2.05 PM at this meeting :

Kirsten Ebbehgj, Benny S. Welinder, Stephen
Bayne and Hans H. Sgrensen:

“Adequate analytical tools in characterization
and Quality Control of Somatropin”).

However, it has so far not been possible to
reproduce a similar detailed separation
pattern when isoelectric focusing was
performed in capillaries.

Alternative physico-chemical... (cont'd)

Hydrophilic interaction chromatog-
raphy (HILIC)

The separation of iso-asp(130)GH from
other GH variants is extremely difficult to
obtain in separations based upon interac-
tion with the hydrophobic parts of the GH
molecule (RP-HPLC, HIC, etc.). Two ver-
sions of a complementary technique were
therefore applied:

1. A PolyHYDROXYETHYL A column
was eluted with an acetonitrile
gradient (80% — 20%) in 10 mM
ammonium acetate, pH 4,25.

2) A PolyCAT A column was eluted with
an ammonium acetate gradient (pH
4,25) in 80% acetonitrile (mixed mode
separation IEC/HILIC)

However, separation of iso-asp(130)GH and
GH was not obtained in any of the HILIC
variants.



CONCLUSIONS

With the exception of the cyclic imides in
position 149 & 152, all GH variants invol-
ved in deamidation (in position 149 & 152),
and in isomerization (in position 130), have
been identified.

“Double” GH variants'(i.e. deamidated as
well as isomerized GH’s, deamidated DPP-
GH’s) have been identified, as well.

With the two ion exchange analyses we ha-
ve the tools necessary for predicting the
outcome of potential changes in the down-
stream processing and formulation proce-
dures.

The cation exchange analysis is sensitive
and time-consuming. However, the limited
separation capacity of capillary electropho-
resis, capillary isoelectric focusing, and
HILIC (with respect to closely related GH
variants) rendered an introduction of these
technologies impossible - at present.



