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Suspension culture of recombinant Chinese hamster ovary (CHO) cells producing follicle-stimulating hormone was performed
to investigate the effect of glycine betaine on cell growth and FSH production at low culture temperature. At 28°C, cell
growth was suppressed, but cell viability remained high for a longer culture period. When the culture temperature was
lowered from 37°C to 28°C, more than 14-fold increase in the maximum FSH titer was achieved. In batch culture at 28°C,
the use of 15 mM glycine betaine (GB) to culture medium resulted in the enhancement of maximum cell density and FSH
titer by 11% and 17%, respectively, compared to the culture without GB. In pseudo-perfusion culture at 28°C with the
exchange of fresh medium containing 15 mM GB, a final FSH of 2,058 ug which is approximately 1.4-fold higher as
compared to the culture without GB was obtained. This enhanced FSH production with 15 mM GB was not just because of
enhanced specific FSH productivity (qFSH), but mainly because of the extended culture longevity. Taken together, this result

demonstrates that the application of GB at low culture temperature is feasible to enhance the production of recombinant
proteins in rfCHO cells.
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70~80%d W u%S FUsiA Btk wEtA AxRF oy
2o S HUslslHAE MEY AEEE 2YF
2 AHE §AEA AZRF dudy iz Hu g
e HHo wjYLEdA CHO AEE njdksfjol g}

Glycine Betaine (°]3} GBz} WH)& Th43E A& EA)
3}= Compatible soluteZ 4] CHO AlE 2] wjoke] glojr =
AHFQHe] vzl GBE FH7Fgo 24 GBY} Osmoprotectant ]
AHS el AT DAY PAS ZUAIE Bast 9
tH3-10). 3H8 A EA|EAAM= A2A GB7} Cyroprotectant
o] S gt= AoE dHA Aok (11-13). 13} CHO A
T wjke] Qold A AFE OsmoprotectantZH GBe)
AHE ol2jol AeuF Ao GBS AHES i o}n Mud
w7} gl

£ @AM AZxY dEAFEEE (Follicle-stimulating
hormone, FSH)E AJ4t3l= CHO A|Xo] JoJA A-&9A
o} o] CHO H|E9| 4733 FSHY Aito] vjX= FE
< YolE ST HjA|o] GBE HUISIHS wl A28 Gl A
MEY HEEE 29T FAY F J=AE FA}sHY
GB9] CyroprotectantZ 4 2] &S Yol iy T3 FA}
v 2] a2 84 v ¥ (Pseudo-perfusion culture) H}2lo]| GBE 3
7S W NEAEEY W39} FSH A 498
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Dihydrofolate reductase (dhfr) 5227} A< ¥ CHO <34
¥ (DUKX-Bl1, ATCC CRL-9096)s] <17+ FSHS] a$} B
subunit, 28] dhfrfAAE T HEE S0
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CHO AN X9 el AAMTE F84 ulz (LG-
SFSH, LG Life Sciences, Korea)Z A}-83}dtl. CHO A X
7} LG-SFSH wjAdA & 2 = J=F AvyEeisz
(Bellco Glass, USA)ol A <¢F 1€7F A&F o8 At s}
ol CHO AH|XE LG-SFSH #j Ao ZgA|HTh
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=9 AdUZaiazd T 27%&7F 25 x 10°
cellssfmLo] HEE CHO AXE HEstn 72+ 28°Ce}
37°CY] QIFwolE o ¥ wjdE AT

A& vl oke] 21o]A] Glycine betaine (GB, Sigma, USA)$]
PSS dolRy] AF IEA v A WA FAY
2| Eade] 244 0 mMIF 1S mMe] GBE 3§
LG-SFSH ®jA& Y1 7)o MEY Z7EE7F 2.5 X
10° cellsymLo] H52 HEF F 28°Ce] QIFHIOJE A
MeFS Tk Mg MEe AEE 60%9 olF 7t
A Z3P3A -

Ao X9 FAMIA ZEA ke A5 249 A
A2 80 mLe] HFAL nPste WHE FHIA.
Z =519 AvuZelaze 24z 0 mM# 15 mMe] GB
E 73 LG-SFSH HiX & ¥ 97|d Ax9 RI|TE
7} 2.5 x 10° cellsyimLo] H & & AE3d & 28°Co Q1574
olE o A wjtS AT} 2 THHL R ZZte] AU Ed
239 WA E 0 mM¥ 15 mM9 GBS 33 MEL i
A2 wgstgch ge NEY AEE] 70%4 oS U
7hA Z13y s T

=4

ot 3EA i 9 03 mLY wWgdS A9 Ed
23Z2RY 3o dAEY F AFAE RHol -70°C
W BAFET. AAEFY HMEYEELS  trypan
blue dyeE Al&3td AEXE 43 3 hemacytometerE Al
L3l dye o] EMHA & HME (BAHAE)S EHE Al
IE &4std AMNSAT. wiXol| A8+ FSHE ¥
ELISA kit (IBL, Germany)E T3l #A|Z3ALe] X A]9
uet ARE-ste] EA 3k

HIMENESE ()2 SHAMZEH| MY (grsn) AHlM

e MEY AFAAZA7|Eete A7t tig A 259
Log#tS Plotdle] e Z28E A9 71E7|2 3L
grsu Renard (14)8] "ol o8t A 4Hs At

A7 2 0%

XM20jA CHO M=zo| AZn FSHMM

CHO M ¥9] Au|ge] MEe A4z FSHY A4t
X Fe dolry] ety Ay Eeaad AlEY
27157 2.5 x 10° cellsymLo] HEZE HE3 T 7tz
28°Ce} 37°CY] QlifHlolH AN Bl S itk TL3 o)
IS F H FP3AC

Fig. 1o T %49 v|FA|Zto] & CHO HEF%
o MEAEE, wiA U9 FSHYS Vet CHO A=
E 37°Co|lA wjFstHS Woll= lagdlo] Arekr] Alzbstd
49 3 AYAHEEEQ 56 x 10° cellymLe] =23 wd
28°Coll Al v Fal RS W= AEAZC] A= HUA
TETE 35 x 10° cellsymLo] QthFig. 1A). 11} 37°C9
Me AT 571 Yo =93 & AEHES] 2
A Bolx=H Hlsty 28°CorE MEANES] 2LHF
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¢t A #A AT (Fig. 1B). £ FSHY % 37°CollME
oF 7d F 40%9 & AEAAEEA 1.02 pg/mLo] &
B3R oL}t 28°Col M= vl 1Y F 65%9 £& AEA
E&oA 143 pgmLE 37°C vjekell vl3l 14n] o] =
7t T A YA EZEATET e dHAER
B A (gesw) S AlAFSE] Table 10 Jehyict. 37°Co
A et S W opeE 0.254 + 0015 day o]} 28°Cd
A i dstae "Wele MEAAZ AsEHo us 0062 +
0011 day’'o] E3}atgct. whAe] 28°Col A 3PS o
gesus 0.462 + 0.037 pg/10° cells/day = 37°Col A} w3t
& Wl Hlgt 117} F718t9 ok o8 d7AE Az
¢t CHO ANEE 28~32°Co] ALoA ujd3tge wf 9
A9} FALSIAG, 6) ¥ AT ARE-3 FSHE AAels
AET CHO A E&) Br-of = 28°Ce) A2vj el A2
A A} AxF Gl do Aikg F7E FAdkYTh

Table 1. Effect of culture temperature on specific growth rate and
specific FSH productivity®

Culture temperture, Specific growth rate, Specific FSH productiwty,
(°C) Wk (dayh) grsn (Lgf10° cells/day)
28 0.062+0.011 0.462 £ 0.037
37 02540015 00440015

“Values are means + S.D. of two independent experiments
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Figure 1. Viable cell concentration (A), cell viability (B) and FSH

titer (C) during batch cultures at two different culture temperatures
(O: 37°C, []: 28°C).

AN2ufdojA] GBe HEIIJF ME=AIH FSHA A
O|xX|&= e

%Al F|EA wjYgoA A2 28°ColA CHO MEE
kgt W 37°Col wls] AEZAEEo] LAFS A #X
2 W ooly} grsmgtel ZA SVl T ukElA FSHe| A
A okS HustelE W NEAEES =4 FASY AR
BFe 717HE HOig 58 S /5 ¢ Ut B &
TAM = HEMELA ZF stress FHOZRE HEE
B33 Aoz 4#Z GBE CHO AFES ujdujx|d
7R S W ALqA MEAEES =A FAFH b
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& golHE .
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Figure 2. Viable cell concentration (A), cell viability (B) and FSH
titer (C) during batch cultures at 28°C with 15 mM glycine betaine
() and without glycine betaine ([ ]) in culture medium.

Ay Eeaad 2tz 0 mM# 15 mM9 GBE &3
sl R e W@a drle AT 27FE7F 25 x 10°
cellsymLo] HEF FHF3 F 28°CH QAFH o|E oA uj ek
< 3t wige MEYEE0] 60%9 ol E wWrtA] T3
&4t} Fig. 26 CHO AN X 9 A&ujolix ujA ] GBE
A7 39S W HrietA FdS WY AEFE AE
AEE, AW FSHES etk s Ao 15 mM9
GB7} = A% HdAEZTES HFSHYS GBYL §le
A% w3t 2+ 11%, 17% =%cHFig. 2A, C). 5T
Ao v 15 mMe] GBJ} e AS$ AEAYEE0] GB
7 Qe A% vdte o L#:ES A FAEHO wiYd
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9 ZEE ATNEE 60%Z 39S W wjdr|To] 29
o Eolue Ao|thkFig. 2B). $H MEAAEE] 70% ©
&oll A wjx]o] EnvjE FSHE 37} &&= Aoh(Fig. 20).
oA AT AEH £ (LysissE ¢t AlEe o
F3t FEIAEA) GHARINAEL SO AME Y9 ujX
ZASHA ol o]w] wjXe] EH|E FSHE ¥-&3}7] d&
o2 ey uwhebd 28°Ce] A2ufekel A FSHYE A4
2 dogid MEMEE 70% olFoA wjIFES FEHof
& Ao g Ay
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Figure 3. Viable cell concentration (A), cell viability (B) and FSH
titer (C) during pseudo-perfusion cultures with the exchange of fresh
medium containing 0 mM ({]), 15 mM () glycine betaine. Cells
were seeded at an initial density of 2.5 x 10° cells/mL into spinner
flasks. Every other day, the spent media were completely exchanged
with fresh media containing 0 and 15 mM glycine betaine,
respectively.

GBE #7}st 3|84 A2v| A 15 mM GBE uj x|
A7t RE W WIS v &7 FSH A /8%
1S A HFig. 2). Ao M2 A ¥4 vj< (Perfusion
culture)| = GBE WA H7lstg<s of wid7izte o
s# FSHY A4 27012 4 dEA Seldag 29
U &gt aFo A FAPIA] w34 u)eF  (Pseudo-perfusion
culture)2 St¥T 2¥VEdAFd 244 0 mMY 15 mM
9] GBE #i¢t HldmiXE Ba 7] HMEY 2V|e%
7} 25 x 10° cellsymLo] H =2 FE3 T 28°Ce 31574
JEA WS ST 29 ACE ANUBHAIY
B 2] & 0 mM3} 15 mM9] GBS & AZ2F HiAE
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gatgch. A9 FEA wjgelA AELEE] 70% 9
3l u] FSHY E&j7} #&=o] fAMIA 22 wj gL
A EAYEE0] 0% ©l& W7AA FA3Act Fig. 39
ApelA] w2 vl go A CHO AMEZg=d AMEAESE, H)
A W FSHYS Yeth A oA @A v gl A
% 15 mM9 GBE #H7I$ A% AujdAAN HEFEE7}
Z7+8t 9 thFig. 3A). & GBE H7bstAl ¥ske o vk
7|17te] 14919 HlEtd 15 mMe GBE F7IH 3% Al
ZAEL] H A FASHA wYrIztol 18dg 4¥7
% 7}8H S th(Fig. 3B).
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Figure 4. Specific FSH productivity, grsu (A) and cumulative FSH
production (B) in pseudo-perfusion culture. Symbols are the same as
those shown in Fig. 3.

Fig. 4o frAE A w82 v gelx GBE H7IstAs o
o AztetA dkE WO grugtd ¥l ¥ FSHY
& Ve 15 mMe] GB H747) grudtdl] = T
A= A THFig. 4A) GBS H7MatA S o wiFr)zkol 4
4 Esolde] wet WA F2E FSHY 42 S7hstilt
(Fig. 4B). 15 mM¢] GBE H7}§ fAPIA n&s W=
Sate] wjFo] e Aol 2,058 ngel FSHE €& +
AAL o7& GBE H7I8tAl &L wjddl HWiste] 1.4u)
7t Z7HE Aol

AAFQ AHelA E o ARG wyd AL 73
Age Ax FFAARolY AUy AH T 28H
E AZE BEAAFD Hole YdEH) 2HNDE &
o]7] wWEd AMEF DHHe FIAPLAE  (Volumetric
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productivity) F7Fol Fejatth. olg g ZHoA B AT
A A= iAo GBE H/Mele A ALu|doM AE
o wjk7|Zr-& 933t FSHe FSHY Xat#e Z714)7)
£ 483 Fuosa 4439 o§AA a0y A7
"t}

A F7+A Cold stress®] A8 A w3t AZE E3)
o GB7} AZAEEE A FAAF=H &8 3= A
AR i3t A7 AF3E AA otk Cold stress ol A
HEW GBSl o] g Bl AAP ATE F GBY
97§80 Be £$L F= JuE Az BUED
T8l Osmoprotectanti/ﬂ GBS HAFE7l EA3= Ao

2 434 = AR RHol9) AEY wd e Huls
A7l GBY HAF o Y3 d+% PRI Aoz A7
At

QO O
v —

B dAFolA= FSHE it 2 #-72 =25 CHO
AEe] Aujekol MEAGAI FSHY Aate) nmixE= Fg
S LotR YTt 28°Co A w3 W AE AFe 9
AE AL 37°Col A o] ujoFe)] vldle M EAHE&o] o
LHiEe A FAHJYE HU FSHY 4% 14v] =713}
AT 28°Coll A &) 3)E4 wiokel A% wiAle] 15 mM]
GBE #7133 & W FUAEF =9 FSH & GBE 3
7vobA] dsks wol wletd Z+d 11%, 17% =718
28°Col| A o] AR A w32 wjeke] 4% 15 mMe] GBS
Agst= WA E ﬂﬂa}ﬁ-ﬁ’— o MEHEEo] GBS I3
A v MRE LBIFHS wol Hsle o A4 L
Eot fAH AZFog wlr)7e 447 v AR
T AAT ol HE wjdr|zte] Ao 2ldle] 15 mMY
GBS Y 393dl= BjXE nEste FAMNA] wg2] H) %o
A F 2,058 pge] FSHE A1 o= GBE ¥dslA g
HAE w8ste FAMNA] g2 ke Hlste 148) Z
74k Aotk B AFE Bl A2u % lojA Hi A4
GBE A7Iste 24 CHO AlXo|Me ATz ik
€ THAE F Jdde AES gt
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