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Abstract of Thesis

Chapter 1 General introduction: Recently, the Chinese hamster lung (CHL)-YN cell line was constructed as an
optional expression host for producing immunoglobulin G (IgG), the now-top-selling biopharmaceutical product.
The CHL-YN cell line demonstrated twice as fast cell proliferation as the Chinese hamster ovary (CHO)-K1 cell
line, the common IgG expression host, while retaining a comparable IgG production ability. Intriguingly, CHL-
YN had exclusive glucose and glutamine metabolic characteristics. These unique metabolic properties were still
limited and required deeper metabolic investigation to develop culture conditions suitable for these cells.
Therefore, a target metabolomic analysis focused on the glucose and glutamine metabolic pathways was
proposed for IgG-producing CHL-YN cell cultures. A serum-free fed-batch culture with controlling glucose
concentration, typically industrial-scale cultivation, was selected as the prototype for this metabolomics
approach. Hence, this research secondly proposed the development of a serum-free fed-batch cultivation and the
design of glucose-feeding strategies tailored to IgG-producing CHL-YN cells.

Chapter 2 Development of continuous glucose feeding for IgG-producing CHL-YN cells in serum-free fed batch
cultures: As the preliminary serum-free fed-batch cultivation, the extracellular metabolic profiles of IgG-
producing CHL-YN cell cultures revealed that glucose consumption decreased rapidly during the glutamine
production stage. Additionally, the results suggest that glucose consumption of the IgG-producing CHL-YN cells
fluctuated in accordance with the glutamine metabolic pathway, which can be divided into three stages:
consumption, production, and re-consumption. Then, a scheduled glucose feeding system was designed. With
this schedule of glucose feeding, regulable glucose conditions of IgG-producing CHL-YN cell cultures were
achieved. Scheduled glucose feeding was also determined to a high-IgG-producing CHL-YN clone and an IgG-
producing CHO-K1 cell pool for creating controlled glucose-fed batch cultures. A comparison of controllable
glucose culture profiles among cell types was finally conducted to evaluate the metabolic patterns and specific
metabolic rates of the cultures.

Chapter 3 Combined capillary electrophoresis-mass spectrometry (CE-MS) and liquid chromatography-mass
spectrometry (LC-MS)-based metabolic profiling of IgG-producing CHL-YN cells in regulated glucose fed-batch
conditions: Targeted metabolomic analyses were conducted focused on the first glutamine metabolic shift due
to reduction of cell viability and IgG productivity. CE-MS and LC-MS-based approaches were selected to
comprehensively analyze the glucose and glutamine metabolic pathways. The applied metabolomic
measurements revealed the different metabolic backgrounds of the IgG-producing CHL-YN and IgG-producing
CHO-K1 cells in the glutamine production stage. Then, statistical analyses revealed that the levels of several
amino acids in IgG-producing CHL-YN cells were significantly lower in the glutamine production stage than in
the glutamine consumption stage. Interestingly, abilities to produce ornithine and cystathionine in IgG-
producing CHL-YN cells were highlighted, suggesting proline and cysteine prototrophic characteristics specific
to IgG-producing CHL-YN cells. Finally, flask-batch transcriptomic and metabolomic analyses were conducted
to construct hypothetical metabolic models of arginine and methionine metabolisms in CHL-YN cells.

Chapter 4 Conclusion and future perspectives: A serum-free fed-batch IgG-producing CHL-YN cell cultivation
with controllable glucose conditions was achieved by a scheduled glucose feeding. Then, targeted metabolomic
analyses to distinct metabolic profiles and identify differences among glucose-controlled fed-batch IgG-
producing CHL-YN and CHO-K1 cell cultures. Finally, integrated omics analyses were applied to create
hypothetical metabolic models of arginine and methionine metabolisms in CHL-YN cells. Limitations of flux

information and future aspects for developing fed-batch CHL-YN cell cultures were discussed.
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FSCTIE, Mz S0E S a7 ) G A4 PET S Chinese hamster lung (CHL) -YN fI D7 /Lo — A HIEE Z RIS 1T DA
AR — AR BT B8 585175 TV, LU FO4ENBIERS TN,

F1E TR Tl EZm 7Y 6 (1g6) AT H00RBEEE LT, MFEHEILTWDITF v 1=
— AL AL —ffi (CHL) -YN MUIEERIZ DWW T, — kB2 1g6 BBEETHDHT ¥ A =— AN LA Z—FE (CHO) K1
ARk & bl LT, 2 5O E THFE L, [AZ 0D 1g6 FARRERE 2 HERF L T2 2 & 72 & ONC CHL-YN fflatkix 7 v =
— AL T NVH I ORHEHT CHO-KL Hifa & Fre 2 AR LT Y. Z @ CHL-IN Milaiks b I TD 1g6
A= PE CHL-YN A L2538 U 7= M TSRS ik OB & 7 o — A GRS OB AR EE TH S5 2 L ABEN TIN5,

52 B TEMIEEAICI T D 1g6 AEFE CHL-YN Ml ~idif 7 /L 2 — AR OBAFE ) Tld. /b 20— ABREE 2 il i w]
R IEIMERT R 2 ER ST HDICHE SN TWD, BRI EFHFERROT 2T NA v TFTA BV —2 =2 L
LA L a— 2B AT MZOWTHRN, 207 a—2AE7 7 u —F 2 L-8#EICBW T, 3.5 HELL
Mo 7 a—2A0\RHHE R S, &5IC, 7V ¥ I U EERBE TR/ L a— AMBENEHITED LTNnD Z R
ERHENTND, SIHICHREEET 27 74 U 71280, 1g6 AFE CHL-YN filifd 7 — /L o> 7L 2 — ZHBII 7V Z R
RN TEBI T2 Z EDURIILTERY . & I AGHIE, &, EE, BEEO 3 SDOEBIZST LT
By ZHICEASNWT I N a—AET AT ANRFEN, IV a—RAREE2 BRSO E2TREE L, & 16 £
CHL-YN 7 m— & | 1gG £ CHO-K1 M 7 — /I bIGH L. B8 OS2 — o L IR E A BRI L T\ 5,

W3 E [/ a— XHIEVINEERIC 1T D 1g6 ZEFE CHO-K1 ffAD X ¥ v 5 U —EBXIKE-E&OHTE (CE-MS) 3
FONEIE 7 v~ 7T T 4 —EEHTE (LCMS) ZMAASDLEIR#T R T 74 VT IR TE, F A% TR
Ho T MIEREYTRY—Fy MUAZ R I 7 ZAGHRERSL, ZLva—XB L7 I ORBHREN R
BRI S, TNE I UAFEEBEICIS T B 1gG A CHL-YN flfE & TG ZEpE CHO-K1 Ffa > Frp A fCHASH & 2vic
ENTNWD, KIZ, FFHPTIZE D, Ig6 AFE CHL-YN MRS H T DWW 2007 IV BBIREER, J V5 I U AEFEB RS
T NE I BB LD DARICENZ EBH LMY . FRT, Tg6 47 CHL-YN MifdiC BT A A =F B &
W AT A= VEFERMNEEL > TND Z ERRIN TN D, HFZIC, 77 AaBGHERIZB TS N T A7 U7 h—
LB IR X R o — AN EE SO T, CHL-YIN MRS RBIT 2 T A F =0 B L OA T A= REFET LV EHBEL T D,

W4 ERESHBORLE] B WTIE, 1g6 A4E CHL-YN #If0 o>  fn 1 s NS 28 12 36 1) B 7 /b — RIS R 38
FRAZR T — MENTIZ BT ARG T 2L, SBORERBZIZONVTEE L TW5,

PLEd & 51T, AT 166 A FE CHL-YN MR O S MBS IR 5 7 0 o — AHIHIES BRI IT DAY R o — LR
FHZHOWTH LW ER A TIY, Ko TARMSUIH LGRS L LTEEH 2 b D LB D,




