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Abstract:
The aim of this project is to solve the problems of time consuming, yield/ quality/

guantity various when using 2-stage ammonium sulfate precipitation on purification

of horse 1gG F(ab)2. Base on the present manufacture protocol, we reformed and
improved some of the protocols, which include (1) removed the precipitate from 14%
ammonium sulfate reacted mixture, (2) collected the precipitate from 36% ammonium
sulfate reacted mixture, (3) shorten the dialysis period, (4) filtrated the drug substance,
(5) clarified the manufactory parameter, and(6) established the check point. So asto
standardize the batch manufacture.

In this project, we established the manufacture process as the scale in 1.0kg and
3.0kg and inferred to the scale in 20L. To improve the filtrate efficiency of precipitate
removed from 14% ammonium sulfate reacted mixture, we change the material from
TOYO 131 paper (3um) to medical grade filtrate bag (10um and 1um) followed by
disposable capsule filter (1.2um). Flow rate greater than 2.0 L/min could be achieved
in new process. Precipitate collecting from 36% ammonium sulfate reacted mixture
was performed by medical grade filter bag (1um). After re-suspend the precipitate in
DI water, sterilize the drug substance by filtrated with 0.45 / 0.2um disposable capsule
filter. For dialysis process, we conjugated Tangential flow filtration (TFF) with
diafiltration system to replace the traditional dialysis, to shorten the processing period
from 7 days to 2-3 hours. Linear scale-up on manufacture can be easily achieved by

parallel connection with several apparatus. To ensure the sterility of the drug



substance, 0.45um filter in original process was replaced with 0.45/0.22um sterilized

disposable capsulefilter.

Quality control check points, including activity, quantity, yield and sterility, were built
in the manufacture process as the index of process change. To be aimed at
intermediate and final product evaluation, several quality control methods were
established, including protein quantitation, horse 1gG activity quantity by ELISA,
F(ab)2 activity quantity by ELISA, purity by SDS-PAGE, identification by Western
blot and sterility test.

Key words: didfiltration, cGMP, tangential flow filtration
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1. pump (

9)ammonium sulfate  toluene

depth filter filtrate
2.  Tangentia Flow Filtration TFF

11-12 pH ammonium sulfate
TTF
diafiltration buffer exchange 2% glycin,

0.85% NaCl phosphate buffer, pH 7-7.2
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3. Sterilization 19 0.22

um sterilization
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1. Protein

2. Tota I1gG
3.  F(ab),
4. SDSPAGE

5. Western blotting

6. Sterility

3)

3L

20L



(QC)

1. F(ab)2 ELISA method F(ab)2
F(ab)2 ELISA horse 1gG
pepsine F(ab)2

uncut IgG  F(ab)2

0.3-5.0ng/ml
R? 0.99
Horse F(ab)2 STD Cruve
14
1o |y =0.249x+0.0719 Y. |
' R? = 0.9915 / —e— Horse IgG

2 Lo / —o— IgG F(ab)2
© 08
< 06 |
o

04 |

02 | y =0.1634x + 0.0574

R? =0.9976
0.0 !
0 2 6
conc.(ng/mi)
2. (Protein quantitation method)
: Bio-Rad protein dye binding
: 0-500ug/ml R?
0.990
3. Fc ELISA method Fc  (uncut IgG)
Fc ELISA Horse 19G
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pepsine F(ab)2
0.3-5.0ng/ml

R? 0.99

Horse Fc STD Cure
1.4

= 0.2448x + 0.0944 )
R?=0.993

127

10 ¢ —e— Horse IgG

0.8 |

—o—IgG F(ab)2

0OD450-650

06

04 |
0.2 y = 0.0014x + 0.0404
: l RZ=0.7774

0.0 . .

2 4
conc.(ng/mi)

4. DSPAGE Reducing form  Non-reducing

form SDS-PAGE

® Horselg F(ab)2 Reducing form: 12% SDS PAGE
® Horselg F(ab)2 Non-reducing form: 8% SDS PAGE

5. Western Blotting
Western blot Reducing Non-reducing
Goat anti-horse IgFc-HRPO  Goat anti-horse
|gF(ab)2-HRPO Goat
anti-Fc-HRPO Ab pepsin Horsetotal Ig

Goat anti-F(ab)2-HRPO Ab F(ab)2
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light chain
6. Sterility
TSB 35 /TGC 25

14

(1) Pepsin horselg

O pH pH3.6
O pepsin , pH : pH3.18 ->
pH3.71
O : NaOH pH pH4.2
pepsin
Pepsin pH4.2

2) 14% cut /
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14%

toluene
toluene , ,
toluene

Toluene

55C pepsin
Sigma pepsin ~ 60C

pepsin
15%

TOYO 131 (3um)

filter

Depth filter (0.45/0.2um) Prefilter (5um)

—  Depth filter (0.45/ 0.2um)- ,
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—  Préefilter (5um)- (0.1m2 1L)
- Sheet filter / Filter bag
(3) 36% cut /

22%

TOYO 131 (3um)
(id:10cm

filter 1.8L  30mins)

10

TFF (300K) 36%A.S.

(900->100ml  1hr)
TFF (300k)

change buffer (change 700ml  2hr,

) :

(4) Changeformulation buffer
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22%

7 formula
TFF (30k)
Continuous Diafiltration 7
formulation buffer 99.9%

0.1m2, 30k  TFF system Change buffer 1000ml

2hr TFF

(5  0.22um filtration

0.45um
dead end filter (0.22um)
200ml

dead end filter (0.22um) 200ml

6) 6

H
smtr
14%&P cutan OZumﬂItrated

%?mn eF g\#ll&tmﬂb

22U Htrati onugtfl nal product)

\?\I/DgtgA%E) t(Reduci ng / Non-Reducing)

OURLN-

protein F(ab)2 ,fina bulk
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SDS PAGE , Western blot F(ab)2,
(7)
Conc. Total | F(ab)2
Sample (mg/ml)|Volume| (mg) |recover| Improve ratio
Horse serum 65.9 250 16476 -
14% (NH4)2S04
_ 4.6 800 3656 | 100% 1
filtrate
36% (NH4)2S04 ppt 3.1 1000 | 3051 97% 1.2
TFF 30k 0.2 1000 158 0%
Final product 12.8 100 1281 51% 15
3L
20L
protocol:

(20L)
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CDC

A. 14% cut /
B. 36% cut /
C. Change formulation buffer

D. 0.2um

A. Pepsin  horselg
Pepsin Fc ELISA method
Western blot
Fc
B. 14% cut /
14% toluene

toluen

10%  F(ab)2 ELISA
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C.

D.

60-80%

TOYO 131

Filter bag  prefilter

3um

10um filter bag 1um filter bag 1.2um filter

(5 ps)
0.2um
F(ab)2
36% cut /
36%
2 harvest
bag (5 psi)
rinse
0.2um filter

Didafiltration

Change formulation buffer
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SJ"P.W!\)!—‘

3L

TFF (30k) Continuous
Diafiltration 9 formulation
buffer 30kd
99.9% TFF system (6ft> 30k

0.9L/min 10 psi) 2.6L
1L 7.5mins Change formulation buffer 10L
55mins  elute product 10mins

0.2um filtration

TFF F(ab)2 0.2um filter

(final bulk)

H
Ajp smtr
14% cut

36% E‘ ltrated. . :
C a%gefo?mulanon uffzer|71 | urﬁqlltratlon (final product)

protein F(ab)2 final bulk

SDS PAGE - Western blot -

F(ab)2 Fe
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1
1

SDSPAGE Figurel,2 Western bolt

Figure 3,4,5,6 Table 1. 14%
lane 5 F(ab)2
14% 119%
Toluene 14% lane7
F(ab)2 lane6
lane3 20-21% Table 1.
toluene
F(ab)2 denature
laned-14

SDSPAGE Sample

MW (32.5kd, 47.5kd, 62kd, 83kd, 175kd)

.CDC control sampl e

/| pepsin
/[ pepsin [/ 14% A.S.
/| pepsin [/ 14% A.S.

/[ pepsin [/ 14% A.S. /' toluene
[ pepsin [/ 14% /' tol uene
/[ pepsin [ 14% A.S. / tol uene
Jfiltrate
.36% A. S.
036% A. S. was h

136% A. S.
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1236%
1336%
1436 %

/| TFF prod
A. S. | TFF
A.S. | TFF

1 2 3 45 6 789 1

175 —

83—
62 —

475

25—

uct (final bul k)

(
(Di gfilt

0 1112 13 14

)

rati on

i Cupl FeEawy cRan
- Lighi chain

Figure 1. Reducing 12% PAGE (Silver stain  3ug/lane)

1 2 345 6 T8 9 10

175 -
B3 —
62 —

475 —

1112 13 14

= Flab)2

Figure 2. Non-Reducing 8% PAGE (Silver stain  3ug/lane)

MW (32.5kd,

.CDC

Western blot

Sample

47.5kd, 62kd

control sampl e

/ pepsi n

[ pepsilaAa% A. S.

/ pepsin

['14%

/[ pepsin [/ 14%

[ pepsin [/ 14%

[ pepsin
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/' 14%

A. S.
A. S.

83kd, 175kd)

/ toluene

/| tol uene

A. S.

/| tol uene



[ filtrate
9.36% A. S.

1036% A. S. was h
1136% A. S.
1236% /| TFF product (final
1336% A. S. I TFF ( )
1436% A. S. | TEFF (Digfiltrat
1 23 45 6 78 8 10 11 12 13 14
175 —
a3
G2 —
475 —
325 ] -] light chain
Figure 3. Reducing 12% PAGE for F(ab) detection
(Protein loading  0.5ug/lane)
1 2 3 4 & 87 E 8 111 12 13 14
1786 —
B3 —i’ : Fab)2
g2 —

4575

Figure 4. Non-Reducing 8% PAGE for F(ab)2 detection

(Protein loading  0.5ug/lane)
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2 3 4 5 6 78 9 101112 13 14
175
By —
fid
47,5

-

Figure 5. Reducing 12% PAGE for Fc detection

(Protein loading  0.5ug/lane)

12 3 45878 9 101 12 13 14

17—
a3

b —
75—

Figure 6. Non-Reducing 8% PAGE for Fc detection

(Protein loading 0.5ug/lane)

J. Tablel. (3L Scale)
Samole Conc. | Volume | Protein | F(ab)2 | Improve
mg/m m recover | recover ratio
P (mgmi) | (mi) i
Horse serum 17658 9000 - - -
Pepsin treatment 8872 9170 100% 100% 10
14%
( ) test 9686 9000 107% 119% 1.1
14% 3176 9000 35% 7% -
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( ) test
14% +Toluene
1960 9280 22% 20% -
14% +Toluene
1901 9280 22% 21% 0.9
14% +Toluene
1010 2000 2% 0% -
36% 1086 10300 8% 0% -
36% 698 630 4% 0% -
36% 8327 2200 23% 23% 1.0
TFF/ 0.2um filtration
) 6297 1200 9% 22% 2.3
(Final bulk)
B Process QC:
(1)
(2 Horse Ig F(ab)2 ELISA
(3 QC
QC
(4)

0.2um filter

cGMP
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D

2)

3

(4)

Fc ELISA

kit  Western blot

14%

Table 1.

119% toluene

14% AS cut
10um / 1um
(Pall / 1.2um)

2L/min

36%AS

bag

38% rinse
ELISA  Western bolt

1.2um filter bag

25

Fc ELISA

horse Ig

70-80%  F(ab)2

Toluene  F(ab)2

toluene

21%

4” Filter bag

absolute pore size filter

lum filter
2L/min
F(ab)2
F(ab)2

F(ab)2



D)

Q)

(6)

change formulation buffer TFF (6ft%,

30kd)
2 3L
34
final bulk
A. Day(1) process
- / pepsin [ 14%AS / Toluene

/ 57C
B. Day(2) process

—  14% ASfiltration/ 36% AS / 36% ppt. /

0.2um

C. Day(3) process

—  36% ppt. TFF change formulation buffer
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GMP

(2) Pepsin Distill water-HCI 0.2um
Horse plasma
(3 Horseplasma pepsin , SDS PAGE
F(ab)2 :
(4) pepsin
30kd
ion exchange column
F(ab)2
toluene F(ab)2
14% hydrophobic column
(5) horse |gG F(ab)2 ELISA

Figure7. Figure8.
CDC
lon exchange F(ab)2

/ 141 CDC control sample  1.45
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Figure 9. CDC

83 175kd marker

minor bend denature
F(ab)2( 100) 83  47.5kd
marker minor bend
Figure 7. lon exchange CDC
Comparing activity of column purified product
and CDC product by ELISA
4.0
3.0
B
@
g 20 —=— CDC product
<
a
© 1.0 W —— column purified
s product
0.0 |
0 0.2 0.4 0.6 0.8 1 1.2
protein conc.(ug/ml)
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Figure 8. lon exchange CDC Western bolt

Sample treat: reducing samples

f" Loading quantity: 1ug
&
fg § Tracer antibody: anti-horse F(ab)2-HRPO
g &
& & . .
Figare 9. lon exchange(_ Light chaipuy SDS PAGE
B3
62
F
i
5 &
175 — Sample treat: reducing samples
& : Loading quantity: 5ug
B2 o _ _
475 — Stainning: silver stain

Cut heavy chain
25— Light chain
(5
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2. Pepsin Distill water-HCI Horse plasma

3. Plasma
4. Pepsin cutting Horselg F(ab)2,
pepsin
5. kill pepsin pH pHS8
6. 14% AS cut 60% F(ab)2,
7.36%AS cut Horseplasma pepsin , SDSPAGE
F(ab)2 ,
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