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Abstract: To date, various strategies have been studied to
increase specific productivity in Chinese hamster ovary (CHO)
cell cultures. Also, albumin-fusion platform is being applied
to other important bioactive peptides with short half-lives.
Here, we investigated the effects of silkworm gland hydroly-
sate (SGH) on the production of albumin-erythropoietin (Alb-
EPO) in transgenic CHO cells. The viable cell density of
CHO cells was increased by 13% in the medium containing
1 mg/mL SGH higher than in the control medium without
SGH. In addition, the production of Alb-EPO was also 1.26-
fold enhanced by reducing the early apoptosis of CHO cells.
In conclusion, SGH could be used as a useful supplement for
the enhancement of recombinant protein production.
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Gland Hydrolysate

rQlste et 3o 3 =5 ot

'Department of Biological Engineering, Inha University, Incheon
402-751, Korea

Tel: +82-32-860-7515, Fax: +82-32-872-4046

e-mail: kimdi@inha.ac.kr

20| zhsteyof w4 kel o) ulo] @ 3o}z

*Department of Applied Bioscience, CHA University, Seongnam
463-836, Korea

Tel: +82-31-725-8358, Fax: +82-31-725-8359

e-mail: yschoi@cha.ac.kr

LAE

Erythropoietin (EPO)= EHA| L] S FHXot= 28 ©
2Roa =g AR AT T Z40] Z/NEZE AHF
T2 B3A]7]= 2lAFo]lH erythropoiesisE XA d= 4
cytokine©]t} [1]. Human EPO (hEPO)= E-A}eFo] oF 30~34
kDao|wW JtzxAHo =z olAutzbzlo] 3702] N-linked & Ej
carbohydrates®} A& of] 17§ 9] O-linked oligosaccharide chain
© w3kl 9tk EPOX Thall7F AR Halero] ok 40% A
% o]0, E5] N-linked GH4l1= EPOS] A3 A U] T4 2 oA A o]
uf] & 2= Q 5t 98-S 3ttt hEPO+:= post-translational modification
(PTM)9] glycosylation 7 wj ol thgwt ol A= A =7t &
7hsst 2o FEAIEAA AAF 7ol vk Q1A o A]
o 72 Fej o] T A o] ghE o Rt A o] vre ATt [2].
19573 chinese hamster®] YA 2 HE Ay HZFE UHE
A 7§ chinese hamster ovary (CHO) A|£F= X524
chul g A gkel] 2 ARE-E[AL Qlth CHO A|227F d e AHg
E)= o]f+= A A, doubling timeo] 12A]7F A =2 2] o] W
2 52 229 282 AYL, 24, desty 0“‘“40]
A& 7HA= 540l Jler 3], A, 524 f-AA ke
Zslo] B2 chill S = dd A £ 9= d1hydr0folate
reductase (DHFR) A AE1S 7}A 31 Ql o, YA, B.§ A3
= A Wstste] @9 WA T WS =ol7] 4 ol =
7HAITE [4,5]. mpA| et o 2 Tl of] R7LE] = il o] g4 o]
U S/ o] A Woll A o] 571} frAksto] Q1A of] EA) 5=
AA Sy fARgH e A S ALk ? Ath= Aol
Utk o] 2 Qe hFE Y] FEA L E o &3k Aot Tl
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2Y4HE CHO M| 25 ©]-&-3}aL Qlth.

CHO N & o]-ga}o] &2] thall 2 JAFA], A| 29| 520
et AR = e FARES 4 B viA] W 54 A4
9] 11 59 o] = v F & A AlKFo] 2tk AL o
AEE0] F43] BojXlt} o] & s Asty] e W A7t
Z 31 =] ¢l t}. Constantinou er a2 CHO A|| 3£ ujjoFof| A] vfjoF
2= of E4ka, pH, AHE I 22w f 271 9] HSkE
off wjekS A 3fsto] Tl o AHAbdo] F7HEE el
519101, Fikei= v &F Hg ol A A 7] = 24t (lactic acid), 9F 5
Yo} (ammonia)?t -2 FAMEE A|ASI AXZ EEE
o]l "L AR5ttt 181 Arden ef al2 v x| o)
glucose, glutamineY} 72 7|2 JUPAE F7lFHog2 U=
R A ZAPE AR A E A 7Fohe WS AHESte], 54
chall 2 O] AkE F7HAI 7] 3L AL 8 QLT &2 7kA] &= CHO A
S i Foto] 4 ol g o A ARSE uf Al a2 o) ZA) i el
Aol A S H 3N FFS A =S o= A
T7F A& E AL Q= Aol

ol e Tl e FEAaE s Fel A A2 FAS
A7) APEE A St BTTF 43 A0 R Ky
Ak [8]. 71 ol el &4 Foll HEH Q1 Al 2] 4la} 5
Hzdlo] Ql=dl, A= 7F oA Fe d5S
A717] 18l AlelAale AT oA AAEL HEZS
& 3, 1L ol 8HAY $54 ZAL Hlste] 2
Stk (9], 2L} 2 Ao A ALET SGHE AHL0A] $7]
202 18514 Qe BHOR Falo] dolq Bolct,
Hwang et al.2] 17+ A1}E Bl = A 2 H SGHY| 54
B43 27 0 ofuledl HES BE 43 5o A
ol sl 550] ghol F4 R ol Aol FHEUT %
A8k 9 gl Ao ek,

2 Aol A= Alx o] golsto] tfF Akl A st
AL QAR SGH7E CHO A3z 9 v GFe]l M A= 3744 Ql &
HE glstarat skeick Alb-EPOE AAtshs @A
CHO A2z v Foll A SGHE 7} 5= "= A efsto] A9
7 Aabd ol M A= G ghelskih E3k CHO A
3L o] 4] apoptosisE A8l F= & & 1} H| sk} SGH7L A i
O] AbE & A A|5t= ATE s3I

of

2R 23y

2.1 N =3 9 A=

EPO¢} albumino] -§3+e G4 A+e} DHFR $-AX}7)F ZHo]
coding®] o] Q)= vectorE ©]-8-3}0] DHFR deficient CHO A
3Z29] DUKX-B11 (ATCC CRL-9096, Manassas, VA)ol| &=
Aste] Alb-EPOE AJ4tst= 3 A4 e CHO M| 225 &1
skoict (Fig. 1) [10]. Alb-EPOE AJ4tst= &4 2 CHO
HEZE MTXE o 88§07 2EWE Agsto] 233
F5 A¥s} ) [11]. 125 mL Erlenmeyer flasko]] 20 mL2]
ProCHOS5 (Lonza, Verviers, Belgium) v X & EF31 & 3 x

@@ |
e —[ {11t

(b) Ampic

Fig. 1. Schematic diagram of the Alb-EPO. (a) EPO linked with
intact albumin by linker (GGSGG),. (b) AIb-EPO gene was
injected into pcDNA 3.1/Zeo(+) between the Nhe 1 site and the
Apa 1 site.

10°cells'mLe} 4 mM glutamine (Sigma-Aldrich, St. Louis,
MO)& A7}5F T} A 3E v 9FS orbital shakero] 4] 100 rpm
o2, 5% CO} 23%+= 37°C humidified CO, incubator
(SANYO Electric Co. Ltd., Osaka, Japan)oj| 4| 3] 3} %t}

22. 7 A 7t E A=

Fol (MEHE 54 T2 123 & A4S £esto]
e SRee &t wnketgich Y422l 8t
Solul Bejdh 5 1 M NaOHE 3 7}sho] AFLof A
shelch. ¢lato g 23HA7 & Esla &

3 SGHE A\ z3t9let [9]. 2 dE <l S
B4 sto] 1,300 rpmofl Al SEF A4 223 & st o
o] 0.22 pm filter2 o 1}-5}of vl %]

i

WA APEEJF

joFol| 4] A2 A ZE trypan blue (Sigma-Aldrich) dyeE o]
goto] AN AAIRE & dnl4 S F3l hemocytometers
AHE-3to] AL O] =0t 2= E BRIsI Tt

2.4. Wi A Y] AIb-EPO2] FFE A

Hj el o] Alb-EPOS] A iFiAS $18to] enzyme-linked
immunosorbent assay (ELISA)E- A}-8-3} %1 t}. Goat anti-human
albumin antibody (Abcam Inc., Cambridge, CA, USA)%}
peroxidase-labeled goat anti-human albumin (Abcam)S Z+Z}
12}, 22} 34| 2 AF8-5F0] sandwich ELISAS A A] 5} o). 3¢
AHES-S- 9%t 7] A 2= ABTS peroxidase substrateE A&
Shlth A == 405 nmol| A 3 =5 SASHAA EE
EZ 2% human serum albumin protein (Abcam) A&-3}

.

2.5 N F7] 84

AIb-EPOZ AJAFSH= B4 48k CHO A 2] 4% %7] 2
A-E 9l v kst AlEE 30% PBSS} 70% o &-Eo] 23
S8 WA AZES SHTAE. 1300 pmel A
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SEL AAREE ol AEZE Ak 1 mL PBSE} S pl
RNase (Qiagen, Hilden, Germany)E 37}t & 37°Co| A 14]
7+ ¥k-S-A)F T}, Propidium iodide (PI; Sigma-Aldrich) 10 pL
£ AHrlsto] 1587F oFHh-2-A)71 3 FACSCalibur (Becton
Dickinson, NJ, USA)Z o] &-5}0] 2.415}9]c}.

2.6. M| XA B4

A7t =40 93t Alb-EPOE AAFsH= CHO A 22) APE S
2QIst7] Y3l vl & A2 Ao Annexin V FITC assay
kit (Cayman Chemical Company, MI, USA)E A}l-&3}of
Annexin V FITC/propidium iodide staining solution .2 A+
ol A 1047 e Rk-g-& Al ZAth WE-G-Al X1 A 325 FACSCalibur
(Becton Dickinson)2 413131 CellQuest software (Becton
Dickinson, NJ, USA)E ©]-8-3}¢] apoptosis@} necrosis?| 7 &
M9l 572 23T,

2.7 8AAE

APoBHY JO AT YRR e FEO A T
5t 5 = 7| 4] 2] = Sigmaplot (Systat Software Inc., CA, USA)
2 ol g5to] tiest MAshelch B@ako] EAA ol
P <0.05 ol A g sholet

- Ly

3.1. CHO A& 24]% 9 Alb-EPO JA+A] ¥ =2
SGH7} CHO M| wlj oFo]| A] A 2] Z A5} Alb-EPO il 2l
of 41ak4 o] vl 2 = 7S BIs}7] $J51o] SGHE] 24 5
T2 A48 43S 519tk SGHE= 0.5,0.75, 1, 1.25 mg/mL
o] == H7Fstolth s FAI T §iSto]| whE Alb-EPO2] 4§
Ab-g 2H215}7] $93f viable cell density (VCD)&} RHEEE =
Harglon Alxe] AEES SAHu Aol Z7hEE
A28l wjof 4 2ol SGHE H7Fsteic

HiF SYAF 2] - vieF SYAte] 2t VCD7t
3.4 x 10°cells/mLo =23} 93 T} (Fig. 2(a)). ©]= 259 fusion
proteinof| A UefL= o=, vl A 22 N Z37] 5 U
et [11]. SGHE Z47+9) s==2 Aeg 4dat, VCD
= I mg/mL %0 A 3.9 x 10° cells/mLE A Y =4 vk

= A8 RISt B3] W 797] Ee] L4x
10° cells/mLoj| B]3}} 1 mg/mL SGHZ Z7}8 74 £ 2.15 x 10°
cells'rmLZ 1.58] S-7}al et at oty 2}, v oF 7L 2} o
239 AEE = 26.8%E UEFH AT 1 mg/mL SGH A
23k AR 42.4%2] HE=E UERU STt (Fig. 2(b)).

SGH 3 7}e] w2 Alb-EPO 49| W35 8elstr] 9]
3 ELISA 2.4 & AlbS 7] 202 3lo] EPOC] AJAleFS =
Hargrk gzl Hch GRS ok 62 ko] 38.7 me/l
£ yehyith ¥, SGHE 0.75 mg/mLY} | mg/mL 5=2
WA A, djof 6uRo] Ab-EPOS] T AAe
488 mg/LO. 2, o] H|3] 1.26v] 2718kt (Fig. 3).
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Fig. 2. Effect on (a) viable cell density and (b) viability in different
concentration of SGH.
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Fig. 3. AIb-EPO production in different concentration of SGH.
Student’s #-tests were performed with each concentration group
compared to the control group (*P < 0.05).

el AT Z43 21 iAo MAS | mel
SGHOI A 718 317h 98-8 o %= A3ieh.
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Fig. 4. The comparison of cell cycle in different concentration of
SGH at day 6.

3.2.SGH X o @& A F7] 9 Hsg

SGH % 7}ol| whe} M|z o] 2w of g zpo]7} WAYs)=
i F 6 zko] CHO Aj2z9] 7|5 glstqlnt. Al ZArE
(apoptosis)©] Yoju= A E= tRtol A 62.4% D ojidt vt
W 1 mg/mL SGHE A7}t o= NEAEO] 56.2%
7V A dolvh= A& &ttt (Fig. 4). CHO A2 5
7] & G17]7} A A 8h= &2 tf 2ol A= 12.7%E B3
o 7M=& HlES A8k A& 1 mgmL SGHE A7}
gk iR Al 19.1%F R TH wiF Foll Al2E= Gl7]oflA
chal 2 & AakstA Eok [12]. whebA 1 mg/mL SGHE 7}
SF AP Ao A G171 9] HlEo] EotA| = AIHE F5to
Alb-EPO2] AAteFo] 2t He}t 7| el & =
=3} X 0] 0-11;}_

3.3.SGHO| N ZAE A 9 A4+ 5ol &3}
Fol 2R fefH T2 apoptosisE Aot Aol &
B9l Ao wE YTk [13,14], Yoo ANo|A AL
SGHS] apoptosis®] a1} &21517] Y 5}e] A3 2] apoptosis
£ Adlole Ao K% 2.5 mM dextran sulfate [15]2}
8 mM N-acetylcystein (NAC) [16], 18] 1L AHF S 2 1 mg/mL
SGHE H713to] I 543} A ZAPE 94| Z3}E v w s}
Atk o A WA & &4 t2 ol VCDE 3
o] 3.94 x 10° cells/mLS vtelH whH SGH (4.4 x 10° cells/
mL), dextran sulfate (4.27 x 10 cells/mL) 2] 32 8 mM NAC
(4.17 x 10° cells/mL)S H7}at A B%E g2 B} A3
VCD7} A Urebgttt (Fig. 5(a)). CHO Al 2o AE e = of
oA et 7 EAES 7RIS o B ujek sY-64At
Afolofl Al A O] 71 To] Yoo & o] S HolX]
+ Skt (Fig. 5(b). 2242 1 mg/mL SGHE 37}t
739 VCD&F &L B A AR 5SS ¢
99t

CHO A% vj}-& %3] A4HE] = AIbEPO T2 o] AJAF
T 2ol A H o] AAakrol wlek 7U ko] 35.7 mg/L A8
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Fig. 5. Effect of SGH and anti-apoptotic agent on (a) viable cell
density and (b) viability. Cells were initially cultivated without anti-
apoptotic agents (control, ®) for 4 days and then cultivated in the
medium containing 1 mg/mL SGH (O), 2.5 mM dextran sulfate
(m), and 8 mM NAC (0), respectively.

—4— Control
40 4 —0— SGH1mag/mL

—- Dextran sulfate 25 mM
—{1 NAC 8 mM

304

20 4

AIb-EPO {mgiL)

Time (Day)
Fig. 6. The comparison of various anti-apoptotic agents on Alb-
EPO production. Cells were initially cultivated without anti-
apoptotic agents (control, ®) for 4 days and then cultivated in the
medium containing 1 mg/mL SGH (0O), 2.5 mM dextran sulfate (
m), and 8 mM NAC (O), respectively.
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A=) 9le. 2 B A S-S 17k 2%, 1) AI-EPO AJALFL
SGH (45.0 mg/L), dextran sulfate (43.1 mg/L), 8 mM NAC
(41.1 mg/L) &= & SGHZ H7}59S ] thal 2 o] AJAto)
744 wol ® 21 SHlsket (Fig. 6).

AEA o g, SGHE A|ZZAFE A A9} Bl st L=
7h A A= e B T of AR Fo] AA YL

gholat 2= 9l olt}

=

l‘

34. | ZAE B4

AlszaiF 5 SGHE| H7h= & AF=ofl &Jg ROS A=
A #k ofuj 2} ROSE W7l =3k Al ZZAME S AAIFHS
W A ZAPE A BHE 7= A o= gl ekl (data
not shown). W% 5 A| 39| AFE-& 221517] $13f| apoptosis/
necrosis £-4]-2 319l th ZHzko] RS HUlet T ujoF 5, 6
2 HIEZE 3]45Fo] viable /\ﬂiﬂ- early-apoptosis, late-
apoptosis “L2] 11 necrosis7} QojUp= A o] Ak o] B4
= skl

Hlj o 5 2ol A -] apoptosis®] Hl%
[e]
E

Z 0 = O
A7hae Yoladls Ul fdase il
(a)
. Viable I Late-apoptosis
[ Early-apoptosis [ Necrosis
100 A
80 A
g 80
i)
©
O
40
20 A
0
Control SGH Dextran sulfate  NAC
(b)
. Viable N L ate-apoptosis
[ Early-apoptosis ] Necrosis
100 4
80
g 60
o
©
O
40
20 A
D E

Control SGH

Fig. 7. The ratio of cell death, early-apoptosis, late-apoptosis and
necrosis in different anti-apoptotic agents at (a) day5 and (b) day 6.

Dextran sulffate  NAC

G1 phase (%)

D T T
Control Dextran sulfate  NAC SGH

Fig. 8. G1 phase of the cell cycle at day 6. When SGH was added
to the media, ratio of G1 phase was higher than the other agents.

atoll &4 T & o) A= early-apoptosis 25%%} late-apoptosis
44%= 1 9] © ™ necrosis= 17%th. SGHS A 713t 7 %o
+ early-apoptosis 12%%} late-apoptosis 40%Z apoptosis”Z}
713 A A dojut o™ necrosise= 19% WY 5FS T} Dextran
sulfateo]| A &= early-apoptosis 15%$} late-apoptosis 46%% =
A ) 2 E th= apoptosis7| @ Y o] %S 1 necrosis= 19%

2 fz2diy i g2 RS Bk s g2 2 NAC
£ H7I3t Z$-o+= early-apoptosis 22%%} late-apoptosis
47%=2 T % —TLJ—} 8 =29 11 necrosis® 18% = ) &3t
P P (Fig 7). 148 A A e
3t A3t 2 SGHE #7151 o apoptosis®] H]&-0] 7} W
Qft}. Z7bA el B4 0 2 vjof 6 ako] A E 7] SGHE
A7t W GI719] AlZ7 7H8 we AL ghld 4= 9
At} (Fig. 8). o] A¥p= ohA At At ZE]—O] SGH®| 7}
2 A|Ee] AbEo] AsjElo] G179 AE ] go] oA
AnpH 0z whulo) AALY Fofo] lofshs AoR 22
&} 2= 9lt},

488

CHO A|329] 3]54] v FA] B F sUoflA 6 A} Alofof| Al
o) Abg o] A dojub= A Eelstaint. o] H 3t Al
ZO| AELEE =011, AIb-EPOS] B4Hd FHHE fIe vl
49 zto] SGHE H7fsto] i Fstsict. L Aat SGHof| 22
27} %ol 1 mg/mLoj| A A Eof] VCDE 3.9 x 10° cells/mL
7HA| A% skl 2ot e 2o Lsul =7 AdAskal
o, e YAFL 488 my/LE th= 9] v 1.260) 5
7¥st st

Folloll Al el A2 apoptosisE A5t Ao

el sk o]eF wedste] SGH: ol o AMoA 92 A
Ei FAS 5 YU R ARRo] HFE o] A2 A
o PR FFE gelsty] Yste] AlZAFE AA
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dextran sulfate®} NACE 37/ A7}sto] v AdS ‘3]-‘}11:}.
7 2455 A7 kol A = SGHE 37+t vl ok A
] VCD2} AIb-EPO Tl Al = 2] 110] AJAlekS H it T
QA2 APE S AFA o= F A5t SGHE H 7kt 74+
of necrosis7} dojt A= t 21 ZF EXES HUseh
vfj oFof| A H] <=t v &2 o5t A| 5 apoptosis7} 71 A
UojupA Ao} =2 AEEE Felskqlnh. o]z s G
o] 0] 1] 6 5 He1oF 0 o0
Aof Aol QRS v S Ao ke,
2 A5 FlA] Alb-EPOE AJAtst= A A e CHO
HZ9) Waoll 4] AEE S Aol tlgk SGHE] 342
ATE ol o, early-apoptosis A A IS F35}o]
G179} Al vlgo] Z7k5 3 VCD 9 B4 thulzle] 4
215 ol vl k491 FWstelch wkebA B SGH
LAz T o A 99 AR S8 A
§3 4 98 Ao ArH

AR

—r‘
(
— ﬁ—‘

A

2 AL A4
2ol elste] 5

AR vho] 0 B strfatel &A1) A

B9l 0] ofof ZALE Ut
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