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The production of heterologous protein using GAL promoter in conventional S. cerevisiae has several problems to solve for
commercialization. In this research, S. cerevisiae mutant(reg1-501, gall), which cannot use galactose and has alleviated
glucose repression level, is used as host for optimizing induction of GAL promoter. In this experiment, the effects of specific
growth rate on specific recombinant protein expression rate were tested in both cases and optimum fed batch fermentation
method was obtained in both cases. Through these experiments, optimum condition of recombinant protein production by
GAL promoter using S. cerevisiae mutant (reg1-501, gal1) were found.
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host2& E. coli®} S. cerevisiae 59| yeast 181 F-EA|E
¢l CHO cell 0] o0 o5 = Yeast: E .colis} v]ust
o @ Jkx] AAHE M JTH3). Yeaste E. coli®t €
FRAHCE AFAED Y3 ARAEEAN 15 BE
o] FHAt WAL B " AlzElo] fASLL, splicingS &
g intron®] A|A7} Vet IF FEY SAAYG FAE
ap7jae z3n QoA ®EE 42(post-translational
modification)& 53 EAstd G A Eul Al £
Atk =3 yeasts E. colid] vldl4) FAz AxF SwiAS
G 8oz ME jtoz Bu| Qilsle] o] thile] Fe
A =€ £ 5 YL, yeastol A ©HAES AN o=
o|okg Tl o & A A= ojolgl 3= Endotoxin F
o] E colist= th2A A7 HA ¥ AHE 71 Ut
8. cerevisiged] o]&Eo)2E promoter=(5) ¥ 7}R7F U
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2327 22" A ZEE=RC 2]3 induction® o]
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ABZ(13,14) ZHEZY EA] e gFe 47l ¥
oAy FI FFIZIL ¢A3] uzHoRlRE, S
cerevisiae®] 42| protease7} ZFEHZ| 23] repressionF =
AL 7ArE wf o)33 FHFZR m7 ZA A proteased
g8 44 wua B AV BASA Selan. 4,
GAL promoter?] inducer®! ZE=ZE ¢ vlg e@4490d
AurE| o 2 GAL promoterol] o]&3}= . cerevisices ZHE
ZE o]&3lA Hoj cello] A2tA Holl wet WiAF] @&
Ez 557} A4 PolxA ded) GAL pormoter?] strength
7b wiXFe] ZFEZ Txo BAHAZE AAY o o]F
A dasd GAYgo R o]fHo] dolXe ZFER level
v HEES U HejAoh

olgidt EAHS #HEsy] M 2 ATFdME GAL
promoter®] glucose repression®] HMEEE regl-501 mut-
ationo] HYom ZHEZR olfe] WAF AUARZ FEde
galactokinase 547} A< H L& gall mutationo] o] ZE
EZE o]l&3lA Ry ¥ ZFER FRIME 2 ¥
HEL Holx S cerevisiaeH o] FE o]£3la] GAL promoter
2389 fedbuch 58 44 213 A7 SRR

ABEF
B Ao AR S cerevisiage mutant: Y334 (MAT«
pep4-3 prbl-1122 wra3-52 leu2-3,112 regl-501 gall)ZA

regl-501 mutationol] &]3] glucose repressionS A ¥= o
Fo|r gall mutant2X ZZHEZO AMGTAY 3 WA o]
S5E galactokinase 47} AEs o] ZFEZRE AY A3
A 234 HiE= straino)th T3 URTFE 2 S, cerevisiger
Y2805 (MAT a pep::HIS3 prb-41.6R canl his3-20 ura3-52)
24 Yutad o2 GAL promoter?] host® 2%0]i= S, cerevisiae
oln} ©]E straino] GAL promoterE 7}% human serum
albumin gened FEFE}E vectorE Folgo] AMEEHLh o]
£ Y334 mutant$} Y2805 A FEA LA o)Aty] HAE L
2RE o} ARZ-3IY T

HiX|] & ol

B Age] 8% dlz= YD(Yeast Extract 20 gfL,
glucose 20 g/L) WiAlo]w APz iz} ZAJE=E 7}
A H1 Aaxgdozx Had o FEFo] AL AA
Hck. 9| %-L yeast nitrogen base without amino acid
(YNB) 0.67 g/, amino acid solution(adenine 0.2 g/L,
trytophane 0.1 g/L, tyrosine 1.5 g/L, lysine 0.15 g/L,
phenylalanine 0.25 g/L, threonine 2 g/L, histidine 1 g/L,
leucine 1 g/L) 40 mL/L, SF3= 20 g/L7} £¥%E minimal
mediaE AF&3}A] 250rpm, 30T 2] AEhf L7l A 244)3 o)
dg F AHESIATE Z1x A¥E A EeA3 wjg> 500
mL baffled flask®] 100 mL wfxloll ZHujd EAL 1% HF
3 % 250 rpme] FuiGTIoAM AP = LEIE
o] &3 batchdPL& FFIZ 20 g, ERFZE(YE) 20
gL, ZFEZ 30 gL 249 iAo HugedL 10 % A
231431 30 C, 800 rpm, pH 559 ZAo=z wY3IAth
AFEZ Fro] U3 4¥L 2arjdN dFFEE KA
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Table 1. S. cerevisiac2] Fed-batch238L 23} v A=A,
wj A A & TE

A. Batch
glucose 5 g/L
yeast extract 25 g/L

KH,PO, 135 g/L
(NH,)3S0; 38 g/L
MgSO, - TH,0 1 g/L
Thiamine 0.004 g/L
Inositol 0.02 g/L
Trace-metal solution® 3 mL/L
Vitamin solution” 3 mL/L

B. Feeding
glucose exp. st5213 g/L, grw. st*;500 g/L

yveast extract

exp. st;280 g/L, grw. st;250 g/L

galactose exp. st;320 g/L
KH,PO, 29 g/L
(NH,),S0,4 5g/L
MgS0O, - TH,0 38 g/L
Thiamine 0.01 g/L
Inositol 007 g/L
Trace-metal solution® 6.8 mL/L
Vitamine solution” 6.8 mL/L

*Trace-metal solution:FeCi; - 6H,0 27 g/L, ZnCl; - 4H,0

2 gfL,CaCl>.6H,0 2 g/L, NaMoO, - 2H,0 2 g/L,
CaCl;.2H,0 1 g/L, CuSO45H,01.9 g/L,
H3B0;0.5 g/L:concentrated HCI 0.1 g/l
®Vitamin solution:pantothenic acid 0.42 gfL,niacin 5.4 g/L,
pyridoxine 6.1 g/L, biotin 1.4 g/L,

‘exp. st.

WA 4835}9 ) Fed-batch A#o]&= Table 13} 722

folic acid 0.04 g/L

: expression stage

dgrw. st. : growth stage

ERD

A& AHg3tdem 30 T, DO 10 % °]F &7, pH 5.5,
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A
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Agslel 2R3, WYY 9 ¥EW FEE EF2

BA 7)E(glucopat, Kagaku)E o83l 2434t} #l4

o] ZgE=0] %2 modificd DNS WS AMg3sle 43}
9 H15). DNS&L 025 g 3,5-dinitrosalicylic acid, 75 g
sodium potassium tartarate (Rochelle sal)E 50 mL9] 2 M
NaOH& o] =9 & tpr] B2 §A3te] FHEHH 250 mL
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Atz o] & vlE] T ARMI waste getE=e &
& Avsidt 24 @ abuming 2¥ Joz 2

M
ofd
n:lo\'
k1
B

ofd N mu lov



Kang, W.-K., The optimization of recombinant protein production using S. cerevisize mutant Y334 suitable for GAL promoter 183

H QAR albumin®] %L SDS PAGE/silver, coomassie
staining & western blotting WHol 93l €3 e WY
albumin standard$} ®lwated A G oju 12 % gelS
A1g3te] 67KD bande] T3] BHSGT. WAZ e ¥
212 Gas Chromatograph (Donam, DS 6200)91A 43 = %]ct
AHEE G.C. columng Zo] 6fte] H<A YE stainless steel
o3 ZNEAE Hayesep QECRS)o|W EBXol23 7#1%7)
(FID)E ©])&3tg]c}. carier gas= FFS AMEEG O A¥x
Ae FYR 180 T, QL 130 T, AZHE 200 Tol3ich
o o nE
2 AT = GAL promoter2} glucose repression®] o]
EE= regl-501 mutationo] Ho] ZZEZ o] &9 BAF A
a2 L3l galactokinase A7t A& HEE gall muta-
tiono] ol ZFE=E o] &3] Rl YL BHEZ T&
ME H& WSS HolE S cerevisiaeolF Y3349} ff
ZTF Y2805 batch ¥ fed-batch¥ g Fdl nzgoz
o]E strain®] 0IA GAL promoter22E| 9] W& A3 A
78 Ak

80 Ho|FE Y3349} = Y28050{|A{2] GAL promotor2]

glucose repression T H|1d

o] ARINME 2% FFIAZ, 2% YE 21 3% ZHEZ
E WjAE AlEslgon ZHEZR Fre HAEF 3%4E
& aAs9.01 30 C, 800 rpm, pH 55914 APL 3P}
91 o} wje] glucose repression Z3}7} Figure 1] HoZTh
mutantQ! Y3349] ASde 2227} 05 gLe FEE £
A dolx HApddde] 25 % Fxr HAHE HeE B
AR FFmz7l nZHE AFAE Hu ddEHY o
65%7F HolAle AL ¢ & AT ¥HH 2T Y2805
ASde MAFE FFIZI} FolylL Wl albumine] H
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Figure 1 The extent of glucose repression on albumin expression with
S. cerevisiae.

O—O : glucose conc.(Y334), V-V : glucose conc.(Y2805), @@ :
albumin conc. (Y334), V.-V : albumin conc. (Y2805)

A 2T Y28059] HIE|A mutantel Y3340] JojA=
GAL promoterol] ©]X|& glucose repression %7}t -9~ &5
& & 4 Stk olgh e AL Y3349 B regl-50154
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HO|Z Y3349} CHZ=St 3 Y28052] Plasmid stability

o = AZF PAEY F 4F WolF Y3348 tizT
AR Y28059] OjFR wtEZoA ] thEFAlARA] plasmide] oF
AREA ] 71918 plasmid 7ol ojste] of# whjd A
A At oAElo] plasmid stabilitys] tial ZAlstgioh
plasmid stabilitys= Z+ Alztel] wat AFHE wYAE petrd
dish®] complex agar #}x| 9ol ¢F 150~200 colony %7}
A7EE HAste) =Ug F o 2442 Bt 30 T
Bjk7lol A wjeket &, o] W Jehte colonyE EF3FZ 10
gL, ENZZE 10 gL, 31 15 gLe 42 712 complex
agar HjZ]9} FF3F= 10 g/, yeast nitrogen without amino
acid(YNB) 0.67 g/L, amino acid solution 40 mL/L&] Z4<]
selective agar mediad] ztz} Ao]Alzl ¥ thA] 30T 2
7)o wiksled A7)= colony 7522] BIEL plasmid
stability 2 E&#alck o] Ade] A#RE Figure 2, 3o JE}
Wtk Rols uke; o] mutant Y3342] 739 generation
number7} 13¢]] ©|Ewj7}=] plasmid stabilitys A 95% =2
FAHo wlg AT FFIE ¢ F UANen dxETF
Y28052] 74$-% plasmid stabilitys 90%% FAEES & F
9ot webA mutant Y3342 ARRSlE A9 plasmid
stability ZAH L QE Aoz FAHY. 53] GAL =2
ZHE ¢ Z2XHA HF ZF £& plasmid 4GS

Holgz Aog &#A SJrkl6).
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Figure 2. Plasmid Stability with S. cerevisiae mutant Y334.
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Figure 3. Plasmid Stability with S. cerevisiae conventional host
Y2805.
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Figure 4. The effect of galactose concentration on cell growth and alb
umin expression level with S. cerevisiae mutant Y334,
O—0O : OD. - 001% galactose, V—< : OD. - 0.5% galactose,
{11 : OD. - 3% galactose, @—@ : albumin - 0.01% galactose,
v—WV : albumin - 0.5% galactose, Il : albumin - 3% galactose

A 30 C, 800 rpm, pH 559 Z7Hce=z FYPHJUk o] 2
3}7} Figure 4, 5o EJZth mutant Y3349 H$olle 2
EZ 557} Z715e wel HFAE T Gobye] #5H

Y ot =& FHE= Fxd 9F growth inhibitiono
2 A7 EA Y albumin FHF] H9e BHE= FE |,
2, 3% o)A A9 viksA AW o 50 mg/Le] albuming A
A8lY 1 galactose FE7} FoAE albumine] WETFo| B
o) 7AFA ol TFE= 001%04 Ho) TP &
60%9] ol2& < 30 mg/Le albumind HA3}HCh o] olF
£ mutant Y3349 F9E Al ZHEZE AMRIA 4L
2 AEgle] BEYEZ FXE poolo] AhFOZ Y2805 H]
3 BA fAHE Roz A=A O AR e ZHEZ
FEANE Ee FHES dehlle R HoIn a3
U & Y28059] eoirME ZBEER FEU SVHETHE
ATAZETT 2718 ¢ 4 UYL albumin FHY F&
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Figure 5. The effect of galactose conccentration on cell growth and
albumin expression level with S. cerevisiae mutant Y2805.
O—O : OD. - 001% galactose, ¥V—V : O.D. - 0.5% galactose,
1 : OD. - 3% galactose, @—@ : albumin - 0.01% galactose,
v—v : albumin - 0.5% galactose, li—1 : albumin - 3% galactose
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Y2805, Y334 TZoA pH7} albumin AR el o9
Z23 A E & F YA
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Figure 6. The effect of pH on albumin expression level with S. cer-
evisiae.

O—O : pH 3.5 - Y334, v—v : pH 4.5 - Y334, [ : pH 5.5 -
Y334, O—C : pH 6.5 - Y334, @—@ : pH 3.5 - Y2805, v—v : pH
4.5 - Y2805, Il : pH 5.5 - Y2805, ¢— : pH 6.5 - Y2805
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Figure 7. The fermentation profile of S. cerevisiae muutant Y334.

®-©®: 0D, C—C : glucose conc, V—V : galactose conc, [ ] :
ethanol conc
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Figure 8. The fermentation profile of S. cerevisiae Y2805.

@@ : OD, OO : glucose conc., V—V : galactose conc., [ {1 :
ethanol conc.
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o] HFPMT feeding Wi HEF EFIAZYG dHEZY
e dAA FAStE 1 BlE WEAE WHeE g
3=l o] A Figure 9 ¢} Table 39 Uehtbzo] 27
Az o Z¥E=9 H|7} 7.3, 6:4, 5.5, 4:6, 375 ¥WHtE 0
Specific albumin expression rate(mg albumin/L/O.D./hr)7}
0224, 0.44, 0.7372 Z7}=5Jth7) 0446, 0312 7H4AHS 4
T onF feeding iAW HF FFI= o AFEZRI]
ME SSHEQE ¢ 4+ 9w adel HF wge o ol
hr'9)e gelstglh.

T3 WHo|F Y334 7oA 2] fed-batchA] HZF feeding ¥
He T3] 93ty ZHEZFEE A FAZIEE W)
A7) ool HANE JES HASE Yol BPE2E
QolEn (el MolFt AREZE Ag 2vlaA @
7] w&ol]) specific growth rate’} YAHICE FFIZTOZ
feeding2 3o olmf o & specific growth rateo) A
o] specific albumin expression rateE FAlStgeu| o Az
+ Figure 103} Table 40 YeEh}™ 4 gho] 0.144, 0.12, 0.1,
0.063, 0.0572 Fol& d specific albumin expression rate(mg
albumin/O.D./L/hr)7} 0.37, 0.59, 0.782 Zo}lx|t}r} 04, 0.22
2 dolde ¢ 4 AT Aoh B 9 37 4L o

Table 3. The effect of glucose to galactose ratio on albumin express-
ion rate with S. cerevisiac Y2805.
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*To compensate the dilution effect because of feeding, galactose was
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Figure 10. The effect of different specific growth rate on expression
and O.D. using S.cerevisiac mutant Y334 with feeding of glucose sol
ution in fed batch mode.

Table 4. The effect of specific growth rate on spcific albumin exp-
ression rate with S. cerevisiae Y334.

ratio of glucose to galactose
in feeding mixture

L specific Albumin expression
(specific growth

rate (mg/L - O.D.- Hr )

rate, hr ')
7 3 (0.1379) 0.2241
6 14 (0.1122) 0.4394
5 : 5 (0.1006) 0.7377
416 (0.077) 0.446
3 : 7 (0.0644) 0.31
50
— 400
40 —
g,E: L 300
S 30
©
© — 200
a 20 —
O
10 4 — 100
0 ¢ 0
0 10 20 30 40 50 60 70
Time (hr)
G—1 : expressed albumin conc. (mg/L)
G—o: 0D.

* The ratio of glucose to galactose in feeding mixture

Figure 9. Fed batch profile using S. cerevisiae Y2805 with feeding
of mixture having different glucose to galactose ratio
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