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Abstract: In glycoprotein, Terminal sialic acid residues of N-
linked glycan are imperative things because they prevent the
recognition from asialoglycoprotein-receptor that affect the
half-life of glycoproteins. So establishment of culture process
for enhancing sialic acid is important to maximize sialic acid
contents of glycoprotein. In this study, we investigated effects
of biphasic culture of Chinese hamster ovary (CHO) cells pro-
ducing albumin-erythropoietin to increase sialylation. Bipha-
sic cultures were performed with shift of CO, concentrations
and temperatures at day 5 when viable cell density was decrea-
sed and sialidase was started to be released by cell lysis. The
examined temperature set points were 33, 35 and 37°C respec-
tively and the CO, concentration was 1, 5, 10 and 15%. We
confirmed that sialidase activity was the lowest in biphasic
culture that was shifted from normal culture condition to 1%
of CO, and 33°C on day 5. However, the temperature and con-
centration of CO, have little effect on activity of a2,3-sialyl-
transferase. Also, sialic acid contents were enhanced 1.13-fold
higher than that in control culture. In conclusion, Biphasic cul-
tivation in CHO cells led to inhibition of sialidase activity and
increases of sialylated glycan.
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1. INTRODUCTION
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Recombinant human erythropoietin (thEPO)-2 28 & 7] Af| 32
£ A=ste] 48 F A 22 370 L2 A 0= Jof 37
O] N-Zej3tk 170 9] O-2 27+ 7HAIW 2 2jXHe] Afol 2 <l
off Aol Zfo] 7} W AY gttt thEPOL} & Alo] 71419
B AW S 717 8% . A2 eI dwe] 24 5h=
R QA (salic acid)o] o] 22 4= Slek [9]. Aleb4ko] 4
(capping) ¥l ZE|7He ZehE 0] 1B vlo T, Treh Y
o] H]A| LA tHl 2] 483 (asialoglycoprotein receptor)2}
Agteto] o= = A AART[10]. 18 2= 2o 1470
O] A|gato] Fzhd 4= Qli= thEPOS| Z|7h 'Wetho] A|dAk
S A5k o5t EA4o|u AU BHT S A
1 A77F A= Ak A gAE S F7HA717] 18l V-
acetylmannosamine2 7 7}5}7 4 CMP-sialic acid transporter
©} sialyltransferases & YL@ 5fo] AJARS] RAFS 9F4HA] 7
= WHo] Slek[11,12].

HiQF 5 Ml o) APE R Qlsl -8-3f (lysis)7} LAY sHH Al
Woll ZA51H sialidase} v Fo © 2 W =] o AYAbel Gt
w2 ko] AJhARS Bajgtet [13,14]. Sialidaset= NEUI,
NEU2, NEU3, NEU47} 223} o] 5 v ¢F $REE Al ZA}
H& Qlsto] WEE= thEA 2l & NEULO| Qltt. &4
sialidase=37°C, pH 5.99| 4] 2] & & Vel = Aoz
e Aok [15]. Betul 2 9 sialidase] o3k E & A5
st o 2= G AR} 228 £5}¢] sialidase T3-S A
SEAY vl oF 27-& 243} sialidase] A& 25}
o] Qlt} [16]. o]&} Z& HWH O 2 sialidaseZ ¥ &
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2. MATERIALS AND METHODS

2.1. N3 9 N e

AR ol AHE-2E Al = Alb-EPOE A 4t6}= CHO DUKX-
Bl11& ARSI} [17]. v F- 125-mL Erlenmeyer flasko]]
20 mL2] working volume 2 & ProCHOS5 (Lonza, Verviers, Bel-

gium) ¥ X & £33 & 4 mM glutamine (Sigma-Aldrich, St.
Louis, MO, USA)S A 7}5}o] 213Y3}9th. 5T orbital shaker
(Vision Scientific Co., Daejeon, Korea)ol A 100 rpm¥} 37°C
humidified CO, incubator (Sanyo Electric, Osaka, Japan)o]] 4]
okl ith 7] A AE 5= 3x10° cells/mLE vk
sheiet.

Y 5 2= COE 245k 28 A viol A= 043}
ol 5% CO,=2 HjoFS Z3) & 5UA}of &&= 33,35,37°CE
CO= 1,5, 10, 15%5 2FzF A3} t}.

o

Of

LAZE S LYEE S

HjjoF & 24 A 7kujt} AMZ8]-S 5}9] trypan blue (Sigma-Ald-
rich) 2 GA2S A8 & 343} Hu|7 (Olympus, Tokyo, Japan)
S 0|-83}9] hemocytometer (Superior, Marienfeld, Germany)
EAEZ A YEEE s GT

2.3. W|%¥ 3 A 4HE Ab-EPO JFEH

S]=%t v F NS enzyme-linked immunosorbent assay (EL-
ISA)E o]-§-5tof A Fi4] 53Ut Sandwich ELISAE 7138
317 Q3o 12} &A) 2 albumine|| 2 ¢}5}= goat anti-human
albumin antibody (Abcam Inc., Cambridge, MA, USA)%} 22}
A 2 peroxidase-labeled goat anti-human albumin antibody
(Abcam Inc., USA)E A2-3} 91t} &4 2 Alb-EPOLQ}2] At
o] &7 ¥ & 71-Z ABTS peroxidase substrate (KPL, Gaith-
ersburg, MD, USA)E ©]-§-5}o] HHARh-g-& %35} o). WAy
& Multiskan GO Microplate Spectrophotometer (Thermo Sci-
entific, Rockford, IL, USA)E ©]-&3}¢] 405 nmo] &4 =S5 =
gttt

2.4. Sialidase 84 B4

Hlj QF ol o] ZA3}= sialidaseE =77 517] I3k 2] 4=3h HjF
ol-S- Neuraminidase assay kit (Abcam Inc., USA)E A}-8-5}¢]
sialidase®] 2Hd-& 574 5F 3tk M &< assay buffero] 34 &
NeuroBlue dye stock solution 2 7}8}0] 37°Cof| A 605 =2t
H-3-S Al F T W& & DyNA Quant 200 (Amersham Bio-
sciences, Piscataway, NJ, USA)2- 0]-£3}o] Ex/Em=365/460
nmell 4 245k

2.5. Sialyltransferase 4] 24

A3 ] 9] sialyltransferase &2 =435}17] ¢1519] 3, 6, 8Y
ZFo] A 25 7x10°7) 3|4=51o] PBSE 33] Al 4 3} 91tt. Prot-
ein Extraction Solution (Elpis biotech, Korea)2- ©]-83}¢] lysis
3= XI3eE 3 12,500 gofl Al YAl&e] & 45 AE 3¢
sttt 343 AlGH-L sialyltransferase activity kit (R&D
Systems, USA)Z AL§:510] 1+ 21o] weh ) 488 7}
%37 Multiskan GO Microplate Spectrophotometer (Thermo
Scientific, USA)E ©|-8-5}4] 620 nmoj| 4] S P EE =4 51%

=



272

Korean Society for Biotechnology and Bioengineering Journal 31(4): 270-276 (2016)

Table 1. Oligonucleotide primers for detection of mRNAs

mRNA Sense / antisense sequences Size (bp) Annealing temperature (°C)
5'-CCTCTACTGGCGCTGCCAAG-3’

GAPDH 5'-TCCGACGCCTGCTTCACCAC-3' 175 37
5'-CAGAAAAACAACTGGCCGAA-3'

02,3-5T 5'-GGCCTGATTGTTCCAGGATT-3' 201 37
-AA ATCAAGCA! ACTA-3'

NEU1 5 GCGATCAAGCAGCGACTA-3 65 57

5'-CCTCAGTTTGAATGCATGGG-3'

2.6. A FHES
RT-PCR

M| L& 3]4=35}o] RNeasy PlusMini Kit (Qiagen, Hilden, Ger-
many) £ A}4510] RNAS 555191t RNAS 42 ¥ Max-
ime RT Premix Kit (iNtRon, Seongnam, Korea)E 0]-&3}o] T
100 Thermal Cycler (Bio-Rad, Hercules, CA, USA)o|| 4] cDNA
= A5k Tl 3146 cDNAE o] -835}o] GAPDH, 02,3-sia-
lyltransferase (¢2,3-ST), NEU1 4 A2} &+¢1517] 9Js}o] A
215t primere} $HA PCREFSS A3 & A7 F5& £
sholstgch A
& Table 13} Zth.

A3 ul-g (RT-PCR)# quantitative

3} primer?] A= W Annealing temperature

2.7. AIb-EPO R A

Wof %5201 el o] oyl 314-sho] A4l
2 3]4=35}4 T} Econo-column (Bio-Rad, USA)¢|| Blue Sepha-
rose 6 Fast Flow (GE Healthcare, Little Chalfont, UK) & 21
ZA A7) 1L 8-A4E & 239t} Binding buffer= 20 mM so-
dium phosphate (pH 7.0)E- A}-8-3] % 31 elution buffer+= 20 mM
Qs

_g ALE_oH

sodium phosphate = A1 312

2.8 A gAF /F A

At ghe B4 5] $1ske] AAIE Alb-EPO 10 pugt 10
mM sodium periodate (Sigma-Aldrich, USA)E 20 uLE- 4°Co||
Al 45871 B3 A F o) o ©hA| 2 50 mM sodium thiosulfate
(Sigma-Aldrich, USA)E o]-&3}o] v A AIZ1 & 500
uL2} 100 mM acetoacetanilide (Alfa Aesar, Ward Hill, MA,
USA) 400 L= H7}5to] Ao A 105-7F 98- A A o). vk
Z13) & microplate reader (Safire2, Tecan Group Ltd., Maenne-
dorf, Switzerland)E ©]-&35}o] Ex/Em=388/471 nm®] X7 0|
A gelstolrt.

2.9. High-performance liquid chromatography (HPLC)

Alb-EPO2] antennary - %5 3}215}7] €]3}o] HPLCE o]-&

sto] B A5kt 54 A %3 Alb-EPO 100 ug2 PNGase F
(New England Biolabs, Ipswich, MA, USA) *&2]& 3} c}.
Graphitized carbon columns (Grace Davison Discovery Scien-
ces, Deerfield, IL, USA)S- 0] -85} 42| 3}= N-ZE| 7S
A A|5}0] 2-aminobenzamide (2-AB; TCI, Tokyo, Japan)2} Wt
S A F ). 2-AB labeling 30| GlycoClean S-cartridge (Proz-
yme, San Leandro, CA, USA)& o|-&3}o] N-22|7+S A A5}

11 TSKgel DEAE-5PW column (Tosoh bioscience,Tosoh, To-
kyo, Japan) & A1-§-51¢] HPLC 5:41& 519t}

3. RESULTS AND DISCUSSION

3.1. 294 ufjFo] &gt A 9] viable cell density (VCD),
A= WYL A<

CHO A suj o]l d3k& vl A= 7H & 291 5 &&=9 CO,
ol ) 31 05171 1] A Akl
% COL 57k S0l M9kl i} ol T34

O

oS 4= 9] it} (data not shown). & =2} CO, =2 v
oo]:}_zj% W3lA 7] Zhzhe] Ao A 8} VCD7} &
A0 selE) 9t} (Fig. 1(a)). 33°CE 2% 2 WA 7] *‘f‘*
T2 1,5,10,15%8] CO, %=l A 37°CE vt 22 CO,
112 o] A3 Lo v]ale] 8%} VCD7} z+2h 1.16, 1.29, 1.34,
1.818) =713k 2L 3hols) 2= Q1 it} 3 35°CE L2 ¥
SR AT 7”‘4 CO, 27104 37°C2 Hj et Ao
o]l H]3le] 1.02, 1.05, 1.36, 1.22u VCD7} Z7}8t A& o

4= 98tk o] & Foto] 2 CO, s Eo A 227t Fads
5 VCD7}F 2obA]= AS & 4= At T2 2= A+
o)A CO,& = W3}l o VCDE H Wl gle o B 2%
oA CO9 FE7} 7MY W2 1% X7 o A 8UZ}e] VCD7t
7V =A ZRIE ST 5UA} o] % 33,35, 37°CY 2= 27
o] &A= AEET A A E AS AT 4 ok
(Fig. 1(b)). E3F 22 25 0] uljF 2210 A CO,9| Fho] Hrot
Aps YEETL 5U o] & A I E ]l o] & &5}
33°C 1%9] 24 71 w2 A2 g Eelakqlct. o] gt
Aol w2 Aitd& ghelskelh (Fig. 1(c)). 8 4] A4k
g gelst At 1,5, 10, 15%9] CO, 5T 442 3329 &
Z o) A 30.2+0.6, 36.4+2.3, 35.0+0.8, 28.8+0.7 mg/L 2] A A4
<= gQlstglom 35°Ce 37°CY| vk A% &2 CO,

TA 2 29.4140.80, 33.60+1.76, 32.67+2.65, 27.96+1.19
mg/LS} 31.43+2.22, 28.21+0.87, 33.74+1.07, 29.81+0.98 mg/L
O] A Z gl it Al tol| whE A4ibd-& shelet At
VCDe} A& = o FARSHA W2 &9} CO,9| F=of whet
A YAt o] otA= RS gleh 4= UGt shA| Y U
@@%Oﬂ*ﬂ VCD2 F7}o] ] sl Ak o] wol F718}A] ¢
2 AL gl 4 9l ol

CHO Al 2 & &&= Y pHE 24 3F= CO,9| 55
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Fig. 1. Effect of biphasic culture on (a) cell density, (b) viability and
(c) titer of Alb-EPO. Cultivation temperature and concentration of
CO, were shifted at day 5. Values of each parameter represent ave-
rage + SD from three independent experiments (n=2).
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A

Fig. 2. mRNA expressions of lysosomal sialidase (NEU1) gene and
alpha-2,3-sialyltransferase (02,3-ST) gene at day 3, 8.
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Fig. 3. Measurement of the extracellular sialidase activities on dif-
ferent biphasic culture condition at (A) day 7 and (B) day 8. Values
of each parameter represent average + SD from three independent
experiments (n=2).

HSHA 217 w2l ARl B A A o] S7H7F 2l
HAAT 2 Aol gl AL AR

3.2. 294 v o 97 sialidase B4 v) L

oy Tk v 2] o] opit 17 5o felog AE Aol
RS E ot Al ApE o] HASEHA =l Al W] EAf8}=
sialidase7] ¥ oF el 0 2 -2 5] of 44T ekl et 9
A 8hz Al gAakS Eoli ot FaFe <o [13]. 29A v ol
AEW sialidase®] T G FLA SHlsts] 9latol
RT-PCR< %1343} Git}. 8H1 At 2% 9 CO,9| 5= ¥ 3to]
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w2}A] sialidase®] mRNA L& o= A G 52
Aoz ATt (Fig. 2). o5 A ZAFE O] 714 o
U= AR QL HloF 722} 8D A0 wlj GF el ] sialidase S =
7 skSATt (Fig. 3). viF 7Lk} vl F 8Y A} L 28} CO,
7F Zrasthol whetA] sialidase?] 2/ =7F 7HAastoitt (Fig.
3(a)). Wl 79 2}9] 33°C, 1% CO, &= Z A A= 2o 2
T9] 10% CO, =% Z 7o H]5}¢] sialidase &4 0] 28% A
sholg]gltt. 8FA] 4k 35°Ce} 37°C] R A AL CO, HE9
w2} A sialidase EAJol] A F3FS FA] Y2 FHelstct.
HjOF 8 2} AL %9} CO, T %o u}Z sialidase 24 T}
O] JAZ} v F TLAFE T} A sHA TEE AT} (Fig. 3(b)).
SHAEE 22 CO,9) Fof| A 2= 2] ¥ 35lo] ulZ sialidase &
Aol zpol= F.7] 9k A o & k] o] 2uhA| vk A] &
o 2 JFRT= CO, o M ol o F A4S &
skt
CHO A2 37°Ce] =8} pH 7.0-7.200 4] 714 =& Z4]
S Holth A edtol w2 CHO A|3E 9] sialidase ZHA
E% 37°Ce} pH 5.90| A 71 =2 S S Hol= 202 3
ol =] 9t} [15]. 3FA| Tk pH 5.9 CHO A)| 3£ 9] ufjckol| = &4
SFA] b2 20| B R A| 29| FA o R A F3FS A
%= ] HollA sialidase B/ =& oA 5k= Al o] F 8.5}t
Hi F 8L Af= v 7] 1ke] wpR|dko] st 2 & ujoF FRHE
ol 79 a}o| 7HA sialidase T E7F WA 2 == 33°C, 1%
COE ¥4 27108 AAsto] g S 2Pkt

__4

3.3. 254 Hjokof 98t 02,3-ST A H|

ObA] A E Hre 3} 7ro] 2HA) ujloFo] 62,3-ST2] mRNA
ol GG 1A B3 23 mRNA ol G =
A gk A & 4 Ak (Fig. 2). 2844 vjofo] a2,3-5T9)
ol A= 9 22sl7) Shatel wie) 3, 6,87} A
EE lysis 5Fo] BAS ATt 33°C, 1% CO, F =9t &
A EAA 7| £0.2 AHgFHE A 37°C, 5% COol A 2}

I Control
== 33%, 1% CO,

)

Relative o(2,3)-ST activity

3 6 8
Time (day)

Fig. 4. Measurement of the a2,3-ST activities on biphasic condition
at day 3, 6, 8. Values of each parameter represent average+SD from
three independent experiments (n=2).

1%

& A5k (Fig. 4). 607 a23-5T9] FAo] o
sk L8] ) SR 9131 3, 8UAHE 242} 2 o] 7} 4
Ao Selsigle. ebd ALY ) ST B
2700] upeh SARE A0HE Urehs 202 3hle)

Sid

52 = = il FLI N

—Q o2 >«\1

Hﬂ sialidase= 33°C 1% CO,o| A 7} &4 o] A &9l

w9 02,3-STO] 42 72 A A W7 gl AL
o = QL 3t} o] Y&t o] <= sialidase= A2 AFEE Q13}0]

oA Uioll EAj317] wi ol &=u pHoll whE IS gl

7 fltkss ST 35T AR £tz 42l
SAA O Q3 ALY AL fA 7] EO R A}
23},

3.4. AIb-EPO2] A|¢AE AF F glycosylation QHE|U It
R BEAH
WA d& AT F510] 33T, 1% CO,2 214 vl o] Alb-
EPOS| o124} 8 Qhe] o 750] of 5 9§ 52 27 o
3171 Slstol v} selape] MBS 5l5ako] R BT, &4
W A = Alb-EPOS] Z1 4| 1‘”4 S A sho] 204 wl ok
o] of g S 1A I3kt (Fig. 5). 1 23 siali-
dase®] gHdo] 7H WA EQ1H 33°C, 1% CO,9| 710l A
i zatof] Hlsto] A|LARe] dheFo] 13.3% = A 2ol = ¢l
EQF AlHAto] B QU 25 218t flsto] 4
= X3Ysiolct. 2o vlsto] Aodtol Al Bi-, tri-, tetra-
antenna®| 4o} Hl&o] BE F7EE A& o 4 diTh Bi-
antenna= 16.8%9°]| A 18.8%=, tri-antenna—= 17.0%°]| 4] 20.5%
= tetra-antenna= 10.7%° A 11.5%= | 2 E T} Ad Lo
A 7k2t ghepol Z7ke A & % AT

Ab-EPOS] AJRHE Al 77|10 F83 o3ke g,

Aobbe] 78 A7)0 A i EAL oA AR A
1} o] sialidase®} CHO celloﬂ A e 02,3-ST7) QlTh

140

120 A

8
_‘

Relative amount of sialic acids (%)
o [=2] o=}
o o o

N
(=)
I

0 T
Control

;
33, 1% CO,

Fig. 5. Relative amount of sialic acid content of Alb-EPO. Values of
each parameter represent average+SD from three independent exp-
eriments (n=2).
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Table 2. Sialylation profile of the 2-AB-glycans from the Alb-
EPO produced by biphasic culture

Sialylated glycans Control (%) Biphasic culture (%)
Bi- 16.8 18.8
Tri- 17.0 20.5
Tetra- 10.7 11.5
A& AT} 33°C, 1% CO,2) Z 7o A sialidase= Xl 28%7}
A gAgo] gashe A & 4 AT (Fig. 3). whdof 22
EAGA AL R 35T BHolis Ffol
fle A= & AT (Fig 3). o2 A8 F4T o

J| A QAL $HeFo] 271 2tHA| wioFS E3h
I Fa3st 93-S 3t Ao 2 AbR Hr)

Q.
=N
al
o
w2
[¢]
1o
e
ox,
12
2,
N

CHO A i v oFg E5}o] A= el 2] S glycosylation
o] T 9] *Xloﬂ SagkddE gt 55 1N:L‘“47P—4 o
chofl A5k Al kS Frehul A of A k7] of B

Fa A Heh B dFolA= CHO ¥ F 5= 51ah-
dase®| &< pHo| = F+= CO, ot 2= 24 F
5hof 2uhA| v S W33 L. sialidase o] W& 0| S5
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