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Abstract: This study is to investigate the issues on how to secure stability during the purification process for
the production of recombinant protein A. The final recombinant protein A is produced by passing through the
cation exchange column (SP) and the anion-exchange column (Q) during the production process, for which
the samples produced by the step-by-step processes can be exposed to trouble in securing stable storage in
case the next process cannot be taken within the proper time period. Accordingly, this study aims to evaluate
the proper storage conditions and length of time when storing samples produced in the production process.
That is, in this study, how to store fair samples, how long the storage period should be set up, and how to
evaluate the security of its quality depending on time are dealt with. The items to be experimented with were
enodotoxin, SDS-PAGE, HPLC purity and concentration. Experimental results showed that after passing the
cation exchange column, when stored at 4 °C or room temperature, SDS-PAGE showed a major band, endotoxin
is 5.0 Eu/mg or less, and concentration is on average of 8.21 to 8.24 mg/mL and RSD% 0.10~0.62%. In addition,
HLPC purity showed somewhat stable results; at the HPLC purity 214 nm, the average is 99.24% to 99.37%
and RSD% is 0.22~0.29%, while the average is 89.72% to 89.80% and RSD% 0.62~1.26% at 280 nm. On
the contrary, after passing the anion exchange column, when stored at 4 °C or room temperature, SDS-PAGE
revealed the major band, endotoxin is 0.5 Eu/mg or less, and concentration is on average of 5.59 mg/mL and
RSD% 0.03~0.10%. when it comes to HLPC purity, the result showed that at the HPLC purity 214 nm, the
average is 99.74% and RSD% is 0.10~0.11%, while the average is 96.16% to 96.85% and RSD% 0.72~1.13%.
In conclusion, the stability of fair samples of recombinant protein A during the manufacturing process could
be obtained without substance decomposition for 7~8 days at 4 °C or 20~21 days at room temperature.
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Aol At F, FAAEL] A4y B A7 AR} FA Ak w2 2] YA HrkE 53
© 2 3t} AYPFEL A=EA SDS PAGE, HPLC =% 281 Fo|t). A8 47} Folewsidy &
7 & Y24 °C), AeHHo|A SDS PAGEE major band, AEZA1S 50 Ewmgoldl, BEolXe Hit
821~8.24 mg/mL, RSD% 0.10~0.62%, Z¥]3. HPLC %% 214 nmolA - 99.24-99.37%, RSD%
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1.1. Recombinant Proten A

Protein A= Staphylococcus aureus 219 HAAH
(natural) F-8] ThFst A 233l (recombinant) 7} A&
stEo] low AHES| O fFste “EA
(Repligen)”A}e] DNAE X38l= A2 o] vl=o|
A 2009 & 7H] BB Eo] HAY ZRE]ld 0] ]9
o dude 5344 A 98 AR H2 59
7 RN GEEFA A et A vE 3
ofzpe] Aol o A=Al vt @A FAAG A
A A o] Fasdo] FrhERA ZEERI
ol ®F3sp7F aEo] 4 Fol vl=FH(USP)l &
Al o] de] o] &=L it

THE-2 31| (monoclonal antibody):= F-A A4 Z2HH
FEAIEY MF A viA] SR | ALtEE, AZ
7b EHleke v 9 A S iAW o] A& Fol 4

o vlg v FER EAUT. By BAu2Ed

A ol9e] BeE AAVE FA M ANA Fag ©A
o, GFEFA EBA T2 i ZERY HEE
A Mejxo g z8at7] flete] A s 27k
Z(antibody affinity ligand)Q] ZZ 1] o] (protein A)
£ o] &3t I Zu}E 28 3 (chromatography)7} EFES
Z AL AL protein AE o] 8 A5 HA A
A A AEujgFd o 2 HE B4 FAE 95% ©1F
o FERE 7t 7Fssk 5 EHE 48 T AUh
A X134 B ZPEZE protein A, G L5°] &
v, medeldels A 247 2en A o5
$-2(Staphylococcus  aureus)®} ~EHNEIA L &
(Streptococcus sp)oN A &3k z18}=o] o7}
ARk B2E st Fo] WYZEE AR (immuno-
globulin G, IgG)2] =] H-29](constant region, Fc)oll
34 7= v Z2EH9de AEEENES
712~ w1\ 2 (Peptostreptococcus magnus) A -2l
st W F 2 EAX 9 7h3teto] EAFE(kappa light
chain)el] 218}3& Hola 53] 7lueto| EALE [, 11,
vell Z3stA F&sh tdst 79 "Yg=2 543
y-g-0] 7153 scFvit Fab 7242 A ©HH (antibody
fragment)y S F2Fst 4= th(Fig. 1, Table 1).!
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Binding Sites for protein G, A and L

Fig. 1. Structure of antibody domain and affinity ligand.

Table 1. Affinity ligand of monoclonal antibody used on

purification
Ligand Origin microbe Binding domain
Protein A Staphylococcus aureus Fc region of IgG
Protein G Streptococcus sp. Fc region of IgG

Protein L. Peptostreptococcus magnus kappa light chain of IgG
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1.3. Zj=g cHHE Aol N=3H

WA E(E.Col)E ©]-&3ste] HaE AA dilEalst
o] cell?Hs B thS cell lysisS 3+ 5 o] L w3t
ZH(SP Column)& AX AAISH & thA] Fo] w3t
Z-H(Q Column)yS AA A ¥ HAFAIUF)E A
A Az gy Azl B AAE Table 20
ERI A7

1.4. o|2ng 3 Z0rETfD]
olewg AzntEa e tuHo] 713 2zte)
F Aske] Aol g ol gste] £Ho gudg v
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Table 2. Production process of rProtein A
l
Lysate

B Ubiquitin(k6ub)
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| Bind Cation column
v Ion exchange column(SP FF -(0-))
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(lipopolysaccharide)’& &etch. & 18- k9] Al

z9 ®350 e AR tFe] Edeolnt d=sA
A2 BN = T aHSEoNA sk <
E5Alelgks Bawo] FREMEA oFE Akt
= Ao, dde= 2SN FHst
= dx=Fde] FAe] dFFEEES Sstete] A
35 dole wkgol 7Este HE e AFse
Wiiolnh 3k dy Edo] IRl fdsl =W
HANHS-S 702 g whdnkgo] dojdt}?
2 A3y A UHY

21, MEEH H Al

211, ZH| & 7|17

HPLC system= Waters HPLCE A}-§-3}32oH,
Columne PhenomenexAF2] 300x7.80 mm (BioSep-
Sec-S2000)S AH&-3l32 UVE GEAFS] GeneQuantES
ARE-3FATH

Endotoxin Gel Clot-> LONZA, Limulus Amebocyte
Lysate PYROGENTPIus Single Test Kit ~Z2] 3. Electro-
phoresis system-> BIO-RAD PowerPac, Invitrogen
Novexminicell & XCell SureLockS AF&3FH oM,
SDS Pre made gel-= KOMA 4-12% Tris, KG5012
2] 3L Autopipete (20~1000 pL), Incubator, Volumetricflask,
pH meter, Clean bench 52 A3 7|75 A3 T}

212, HPLCT|7|=2H

o] 5 ZAL Sol. 1, 0.3 M Dibasic anhydrous
sodium phosphate (21.3 g/500 mL water), Sol. 2, 0.3M
Monobasic anhydrous sodium phosphate (18.0 g/500
mL water) Z}72+& THE T2 Sol. 1. 400 mLE 1 L
H|Ae] Y1 pH7E 7.00] E o} 7k4] Sol. 25 W& F
0.45 um membrane filter2 o 7}3kc},

328 214 nm, 280 nm (Mode: Dual), Z3 L 135
(BioSep-Sec-S2000), 42 1 mL/min, Y &2 20
pL 28] 3L A FAI 7R 20 7 o]t

213 AleF 3 20f
£ Aol ARS-E AleF 2 81j:= Anhydrous sodium
phosphate, Monobasic anhydrous, sodium phosphate,

Z59 28 3 Lal waters2 AHE i)

22 AEYg
Azl AS Arksr] fls) AGAE 73,

o
Iz

o

WA Fol 2 IALASP)E FHA THAEE 4
°Coll A 20 d 7HA], Aol 7 A 7HA] HAEAA
ARE Aol Aol AEE FstATh. 283 &
o] 2w (Q)E T FHAIRE 4 °ColA] 21
A 7HA], AeA 8 A 7HA] BASHHA AP E AR}
o Ao} AHS S35t

AFIES HPLC <%, F5, SDS Page, A E=EA1
S v A9 =l date] dFS A

221 HPLC =& AlE{diH
B Ao FrE BHE AF0ZA 214 nm, 280
nm%| 4] HPLC Chromatogram®] ==& &913t= 4
Fo|t}. &, Chromatogram’gollA] F peako]&]o th&
peak’t G =] %E FHisheA] &<l akarat &kl
ot 28| Age 7] & FoleudAHd s
I AR 4 °C BaoA A AP ke 7=t
stoer, 1,2, 3,6, 7, 10, 15 2232 20 Lol z+z+
W 1 Fo] Yl AEE Ao A¥S 33l
ALRANNE 27], 1,2, 3,6 7 Q0 dx A3
Fatdth 28l gol 2w dH e SHAZ1 4 °C
B ABoA %7),1,2,3,7,8, 11, 15 22|22 21 &
o g7]e} 72 whgo g A FYsion A
#FANFEE 271,1,2,3,7, 8 Lol Ax 2L =33
Atk

AEEME TEE ¢ e ARFEud A 34
AEE 1 mgmLE 34 (EA A o] FHF Blank A&
& (e85t EH)E A8 HPLC FYEFY
& : 50 pL)dke] 241 nm, 280 nm dual modeZ 24 3}
Ak

it

222 T Algub

B gl AL8-H + GE, GeneQuant®]™ =74
3742 280 nm ©|}t} FE 712 5.0 mg/mL ©]%
S ZA, Fol2 d goleuAHYA A8 27 F
EEVFESRE 4°C2021 ¥, 22 7-8 Y B9 &
T ¥3} 55 Aw Rt ek 3 A v=ok
ZUSP)NA UV o R &1A =] Ut

APEE A ES | mgmlE ARGHY Zea
T UV 37 280 nmollA] S5 B4 e, 4
= 3 S S ATt %CV, 5%l A&
gl &t

~

223 SDS PAGE Als{dlhH

2 A¥oM e HAs= DA major band7}t 71X
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A A5 A EE APo 2 Yolewddd &
4 °ColME 27,6, 10 23 20 Loll AL 3
stom, Addias 27], 3,7 4ol APE FP3s
At 2L Folew s HA £ 4 °ColMe =
71,3, 11, 282 21 4, ALAE= 7], 3 287 8
Aol ZH2t dAE T8kt

AP e A7NGE5EA AS 130VE Al °
3}3L Maker 15 uLE gel©ll loading & Al & 15 pLg
gelol| loading $+T}. LoadingAlZF 50 #ol™ A &

A7E Blskin

-

=R

B AN EEA 75 Fol2u sy A
% 50 EU/mg ©]3to]H, golewsdd AA & 0.5
EU/mg ©]slo]t}, o] 2uddd & 4 °Colx = 271,
64, 10 Y 223 20 ofl AFES Fhston, 4
2oXE 271, 3, 7 ol ARS AR 28
sol2udd AA| F 4 °CoA 71, 3, 11, 28
321 Y, Ao 271, 3 28]aL 8 dofl 7t 4
g FIsAch B A ALEE Gel clot>
LONZA, Limulus Amebocyte Lysate PYROGENT Plus
Single Test KitS AM- &3t

A= UVE AR FE524 4 (mg/ml) § 3
2] 3lod Serial dilution 3t 3 H Al 250 uLS
A=E21 kitll ¢ g ¥ Incubation (37 °C, 60 min)

s
A7) Ohe AkE sl Sk

224, A=A A

L=

B

3.

>
oo

a1

3.1. YO|2nEZEHIH(SPIA|R 4 °C 2t
B AFL Protein AS A Z3}7] 98 FolL w3kt

Table 3. Raw data of SP sample at 4 °C storage

H 5% Fo AEE YF@ O e 84
ARE FolstaA}l AT A3 52 SDS PAGE,
A=EA, 5% 287 HPLC <% 5°|9, HPLC &
EAFHNAE 214 nm, 280 nmollA AEFE 33315
o, AH7I7HE 27]00A 20 Dol 2A HES 53
3T

A3 A3} SDS PAGEIA & %7] major bandol 4]
20 A 2P A= major bandZ YERFOH, A==
%7] 5.0 EumgolsltellA 20 & Al A= 5.0 Ew/mge]
slo] 438 Ryt 283 BEAAE %7] 828
mg/mLoA 20 D=} 831 mgmLe] A#A=E HF 821
mg/mL, RSD% 0.1%=2A] tha eHg ¥ A2 vl
o] T oA Wslste A94E YERA &
& 4= ATk EF HPLC 5olM 27]9 2843
= 214 nmoA] 99.12%, 20 L=} 99.39%2 A ¢
98.86~99.65%=A] RSD% 0.29%, 280 nmol| A= %7]
90.58%° A1 20 L=} 89.85%% & 89.72%, RSD%
0.62%=A4 tha M E A7 Yeldo] = A3
Mz oE Ed2e] Hah 34 Ed 540 sitk=

9.5
niggy 88— — 8 —= r 100
c 9.0 - Mean: 99.24
-] Std: 0.29
g
£ Mean: 89.72 2
§= 85} Std: 0.62 5
S E F80 A =
S35 X
SE Ms.21 e
== Std: 0.10 o
s 8.0 ==
o
o . " r 60
—@— Protein Concentration

75T —m— Purity at 214nm (spec.: over 90%)

2_0“[‘ —{— Purity at 280nm (spec.: over 70%) _

0.0 L . . ‘ . —Lo

0 3 6 9 12 15 18 21
Time (Days)

Fig. 2. Result of SP sample at 4 °C storage.

<D : Day, — : Not Test>

. fems il 1D 20 3D 6D 7D 10D 15D 20D
Time
SDS PAGE Major Major Major Major
<Criteria: Major band> band band band band
Endotoxin
< - - - < - < - <
<Criteria: <5.0 EU/mg> 3.0 3.0 <30 <30
Concentration
<Criteria: >5.0 mg/mL> 8.28 8.30 8.07 8.06 8.16 8.22 8.18 8.32 8.31
. 21.4 nm 99.12 99.58 98.90 98.86 99.15 - 99.65 99.29 99.39
HPLC <Criteria: >290%>
Purity 280 nm
90.58 90.20  90.00  88.55 89.77 - 89.55 89.24  89.85

<Criteria: >70%>
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A% & % At

W79 AYATH Fol L BLPEH F Azl 4
“collA] 20 A Fere] mpe vhe Bz Wsh)
#o] Wakshs 54 glol sthe A8 dg
%+ et

Fig. 2914 & SP A 82| 4 °Coll Y3 Ad 432
BHAFT Aot 283 Tauble 3& A B A Raw
datas RT3 QiTh.

3.2. Yo|2mEzHTH(SP)AIE A2EZRT)

2 A olemddy 53 Fo| AEE A2
B3 deu oA ARE Felstaal shsch A
52 SDS PAGE, d=E4l, 5% 18]35 HPLC &
% 5o|H, HPLC &AM+ 214 nm, 280 nmoll
AP FPsidon, AH717-2 27144 7 Lol
A AR s

A¥ A3} SDS PAGEYAE %7] major bandol|A] 7
A Ao M E major band= LFEFFOH, A EAL X
7] 5.0 Ewmge|3tell A 7 AR %= 5.0 Ewmge] 3]
AFE Bt 283 FEAME %7] 828 mg/mL
oA 7 YA} 831 mg/mLe] AHZ H 824 mg/mL,
RSD% 0.11%ZA] thi g 235 Uehlo] 5=
o oA Wslshs 235 YehA] 38 & 5 3
Atk w3 HPLC 504 2719 A8 47H= 214 nm
N 99.12%, 7 LA} 99.44% = AAH S 99.12-99.71%
22X HHF 9937%, RSD% 0.22%, 280 nmo| A& %=
7] 90.58%011 4 7 L2} 90.25% 2 B 89.80%, RSD%
126%24 tha P E A3E Yehfo] = A
Mz o2 Eda o] Wl 48 540 lok=
AE &4 4 YA

q719] AEAF FolewBdHT I T A5 A

X

Table 4. Raw data of SP sample at room temperature storage

9.5

— = & Mean: 99.37 100
9.0 Std: 0.22

D—D—D\D///D Mean: 89.80

Std: 1.26
Mean: 8.24
Std: 0.11

—@— Protein Concentration
5,; —&— Purity at 214nm (spec.: over 90%)
OT —{— Purity at 280nm (spec.: over 70%) _~
0

0

851

(mg/ml)
8
HPLC Purity
(%)

8.0

Protein Concentration

60

7.

2
0. — — —L
1 2 3 4 5 6 7 8 9

0
0

Time (Days)

Fig. 3. Result of SP sample at room temperature storage.

ATk

Fig. 39|14 SP A189] 4 °Col g A Ax4E
BF3 vt 2 Tuble 42 AP AT Raw
data® HISFI QT

(4 )R §)
23322 SDS PAGE, <l ,
&= Soln, HPLC <=2 ¢ ollA
oM AdAE FAALH, AF7|He 27]00A 21
Aol 24X APL TPt

A A3} SDS PAGE®| A= %7] major bandol A
21 & 2P A= major bandZ UYEPFEO M, A==
%71 0.5 Eu/mg ©] 3}l A 21 YA % 0.5 Eu/mg
olste] AxE HAth 283 sEME 27] 5.62
mg/mLolA 21 A} 549 mg/mLe] AFH=Z Ht 559

<D : Day, — : Not Test>

. e 1D 2D 3D 6D 7D
Time
SDS PAGE Major ) ) Major ) Major
<Ceriteria: Major band> band band band
Endotoxin
< - - < - <
<Criteria: <5.0 EU/mg> <30 <30 <30
Concentration
<Criteria: >5.0 mg/ml> 8.28 8.20 8.18 8.08 8.29 8.31
214 nm
. 12 1 31 2 - 44
HPLC <Criteria: >90%> 99 99.7 99.3 99.28 99
Purity 280 nm 90.58 90.46 90.14 87.56 - 90.25

<Criteria: >70%>
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e | ] - [ 100

6.5 Mean: 99.74
c Std: 0.10
K]
® Mean: 96.16 >
c_60r Std: 143 | oo &
SE &z
c 5 =~
oD (SR>
8E N\% 9
£ 55
] Mean: 5.59 T
e std:0.10 [ 90
o

—@— Protein Concentration
5'°V; —— Purity at 214nm (spec.: over 90%)
T —{— Purity at 280nm (spec.: over 80%) _-
Ty
0.0 T T T T T T T 0
0 3 6 9 12 15 18 21

Time (Days)
Fig. 4. Result of Q sample at 4 °C storage.

mg/mL, RSD% 0.10% 24 tha ¢t ® 232 ve
ol Fxo oA Wstste d#4E YeA S+
S & S A9k I HPLC eXolld X719 49
AFE 214 nmol A 99.55%, 21 L2 99.80%= A A
9] 99.55-99.80%FEA] RSD% 0.10%, 280 nmoj A+
Z27] 95.84%°1A4 21 Lz} 9729%F Hd 96.16%,
RSD% 1.13%2A] tha e ¥ A7E Yehlo] &%
APNME & EAZ9 wshy EdRs] 540l
A= 4945 &+ AAh

3719 AEAF SolewdAHE D T A5 A
204 21 A FHe] BALe g EFR o Wit
4ol Wslel= 54 glo] Mgt A8 S 45
T ARk

Fig. 4°14= Q
o F 3 Tt 2B L Table 58 A
2 ByoFa ok

A|FE] 4 °Col tigh AHA
3 A3}2] Raw data

== ] 100
6.5 Mean: 99.74
< Std: 0.11
2
g Mean: 95.91 2>
S= 6.0 [ Std: 0.72 | 95 g
g€ as
o os
OE O, e o—— O g
-:-:, 551 Mean: 5.59 I
§ Std: 0.03 | 90
o
—@— Protein Concentration
50f —m— Purity at 214nm (spec.: over 90%)
T —{— Purity at 280nm (spec.: over 80%) _
To
0.0 T T T T T T T T T T 0
0 1 2 3 4 5 6 7 8 9
Time (Days)

Fig. 5. Result of Q sample at room temperature storage.

te

T Pew gAY ARE stz sk A¥
52 SDS PAGE, dI=54l, % 18|32 HPLC &
% 5ol9, HPLC 543 214 nm, 280 nm®]
AAE Fasiaen, A7 271904 8 Dol
A APE it
243} SDS PAGESIA = %7] major bandol| A 8
o A% major bandZ UERF O, d=EAS %
7] 0.5 Eu/mg ©]3}ellA4] 8 U}l = 0.5 Ewmg ©]3}
ol AxE Bt 28X =AM E 27 5.62 mg/
mLol A 8 YA} 556 mgmLe] AF}E HF 559 mg/
mL, RSD% 0.03%ZA T ¥ A5 vehdof
wol lojA ®istsls A#E UehliAl F2S ¢
5 ;0;11:} B3 HPLC £ollA 279 ddd e
214 nmolA 99.55%, 8 Az} 96.75%= AAWY
95.55-99.84%% 4] RSD% 0.11%, 280 nmo| A& %7
95.84%01 4 21 L3} 96.85%F HF 95.91%, RSD%
0.72%=A tha: M E AFHE Uehlio] &&= A
M tE 420 Wsh BEFEs 54¢] jivke
@;1,},2. Q) = 010114_

=
Al

X

Table 5. Raw data of Q sample at 4 °C storage <D : Day, — : Not Test>
. fems il 1D 2D 3D 7D 80 11D 15D 21D
Time
SDS PAGE Major ) ) Major ) ) Major Major
<Criteria: Major band> band band band band
Endotoxin
< - - < - - < - <
<Criteria: <0.5 EU/mg> <0:3 <0:3 <0:3 <03
Concentration
<Criteria: >5.0 mg/ml> 5.62 5.79 5.64 5.65 5.58 5.55 5.45 5.55 5.49
214 nm 99.55 99.76  99.75 99.86 - 99.67 - 99.77 99.80
HPLC  <Criteria: >90%> ’ ’ ’ ’ ’ ’ ’
Purity 280 nm 95.84 9613 9523  94.47 - 96.39 - 9779 97.29

<Criteria: >70%>
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Table 6. Raw data of Q sample at room temperature storage <D : Day, — : Not Test>
. fems o itial 1D 2D 3D 7D 8D
Time
SDS PAGE . . .
<Criteria: Major band> Major band - - Major band - Major band
Endotoxin
< - - < - <
<Criteria: <0.5 EU/mg> <03 <0:3 <03
Concentration
<Criteria: 5.0 mg/mlL> 5.62 5.55 5.56 5.60 5.63 5.56
214 nm
HPLC <Criteria: >90%> 99.55 99.73 99.84 99.82 - 99.75
Purity 280 nm 95.84 96.24 94.90 95.70 - 96.85

<Criteria: >70%>
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N_QE]_‘,,].O 7~8 o] Eo E 3]_0:101::] Nﬁqﬂao],%%
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Wtk 282 HPLC £XolA %79 A8 Ax=
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