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A}ﬁm{! Xylose is the second most abundant sugar in lignocellulosic biomass, but it is not a natural carbon source for
Saccharomyces cerevisiae. To increase the resource utilization efficiency and reduce the cost of bioethanol production, it is
crucial to construct strains able to ferment xylose effectively. The efficient expression of exogenous genes and the regulation
of native genes require the selection of promotors with appropriate expression strength. However, until now, research on
the strength, stability, and inducibility of promotors in S. cerevisiae, when fermenting glucose, xylose, or mixed sugars, is
very limited. In this study, genome-wide transcriptome data were used to evaluate promoter strength in an industrial xylose-
utilizing strain in response to four different carbon source conditions (glucose, xylose, and mixed sugars). The strength of
most of the promotors changed when utilizing carbon sources other than glucose, whereas 67 promotors maintained their
strength level under different sugar conditions. A series of promoter libraries were generated for genetic engineering. Py,
Porgrss Pupwss Peowro» and some ribosomal protein promotors can serve as strong constitutive promotors for xylose-utilizing strain
construction. Constitutive media and weak promotors that could be used for strain optimization were summarized. Pyyzo7cs
Pours, and P, could be used as inducible promotors for xylose fermentation, driving high levels of gene expression only when
necessary. The libraries of constitutive and inducible promotors with different strengths provided in this study will be useful

for the genetic engineering of xylose-utilizing S. cerevisiae strains.
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Fig. 1 Promotors’ expression changes of (A) glucose fermentation phase in the mixed sugar (GX1), (B) xylose fermentation state in the xylose alone
medium (X), (C) xylose fermentation phase in the mixed sugar (GX2), compared to the glucose fermentation state in the glucose alone medium (G). The

expression levels are represented by MAS 5.0 signal.
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Table 1 The number of promotors in different interval of variation coefficient
WETES 4
Variation coefficient
sl

Amount of promotors 67 91

AR5 AR 8K T (K A2 47 ) BIMAS 5015 5 {HARA.

The coefficient of variation is obtained from the MAS 5.0 signal value of eight

chips (including two biological parallels).
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Table 2 List of constitutive promotors and their strength
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I Afp e A2 v 5 KA R Y B N (9 )3 3
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R8T

ATV T— R IR R 301, AT ) A 7 0 A 1
P 5 J3E ARS8, (FL 7 ) D A e T i T A2 45, U R

JishF SR R REL ¥ SR 5 FREL
Promoter Strength Variation coefficient Promoter Strength Variation coefficient
TEF1 /)/ TEF2 7978 0.0406 FRA2 722 0.0350
ADHI1 7976 0.0493 DOS?2 721 0.0381
ccwiz 7275 0.0194 MRPL25 680 0.0178
RPLI10 6343 0.0290 CBC2 651 0.0494
RPS31 6311 0.0371 YBR255C-A 614 0.0494
RPS2IB 6252 0.0486 MRPL35 588 0.0296
CPRI 5756 0.0333 RTG2 586 0.0423
RPS234 /// RPS23B 5586 0.0292 CABI 579 0.0495
HPFI 5535 0.0373 NOT3 514 0.0367
RPL43A4 /// RPL43B 5366 0.0366 PPM1 507 0.0423
YMRI122W-A 5149 0.0439 DETI 495 0.0459
IPPI 4494 0.0460 VPS35 491 0.0417
RPS27B 4284 0.0436 YCK1 458 0.0451
HOM®6 3694 0.0412 SCo1 455 0.0369
PDAI 3609 0.0370 DGR2 415 0.0394
SCS2 2800 0.0483 WHI3 358 0.0476
SNA3 2771 0.0233 VPS34 335 0.0441
ACPI 2357 0.0295 EXOS5 331 0.0374
SUIl 2117 0.0476 Yl 305 0.0471
YIMI 1981 0.0334 SETI 298 0.0450
ADEI6 1854 0.0440 YGR169C-A 287 0.0496
CDC42 1282 0.0362 NDDI 282 0.0354
RPB2 1197 0.0380 YPROSOW 226 0.0345
TPD3 1172 0.0348 UBR2 210 0.0490
POP2 1106 0.0472 CUE3 178 0.0498
MGR2 974 0.0499 ABZ1 173 0.0246
PTC3 971 0.0485 YDR444W 173 0.0410
PBP4 930 0.0488 PGDI 172 0.0186
TOM70 927 0.0410 SAP30 161 0.0369
PTMI 914 0.0332 AKR?2 133 0.0471
AIPI 890 0.0411 NNF2 124 0.0396
CDCI1 886 0.0498 SRN2 124 0.0416
LCB3 829 0.0471 ALR2 107 0.0420
RML2 827 0.0346

S BT 0 B AR R IR R AF T B FEIMAS 5,005 S (IR,

The promoter strength is expressed by the average MAS 5.0 signal value under four carbon sources.
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Table 3 Strength of other commonly-used constitutive promotors under
different carbon sources conditions
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Table 5 Promotors induced in xylose fermentation phase during the
fermentation of mixed sugars

. & Strength = . & Strength 7p
o (MAS 50 115 1k Signal valuo) cdhlicn Jizh ¥ (MAS 50 (175 Sigmat vatue)  Voraion
romoter . Promoter .
GX1 GX2 X coefficient G GX1 GX2 X coefficient
TDH3 9831 10005 8553 9876 0.0704 HSP30 606 1096 6602 2136 0.870
PGK1 8780 9279 7393 8466 0.0887 INOI 383 428 2585 513 0.927
TPII 7487 7927 6605 7350 0.0733 STLI 41 93 2094 30 1.524
ACTI 6263 6344 5556 6376 0.0621 STR3 372 406 1852 190 0.925
ENO2 6430 6589 4233 5245 0.1921 FMPI6 179 285 1603 466 0.852
PDCI 5237 5303 5064 5997 0.0748 SPGI 33 93 1458 302 1.172
YEF3 3847 3752 4079 4760 0.1220 RAD59 255 193 1257 240 0.875
ANTRIBRIR (9 Jed 30 38 S0 O A 90 2 P AT O P8, i SR Khs UGK2 192233 1187 257 0.845
A (SPIUCAYETAT) IMAS 50155 H k43 rert 105922t 99 1053
The promoter strength under different carbon sources is the average value of SPG4 36 60 679 172 1.051
two biological parallels, and the coefficient of variation is obtained from the MET28 104 113 678 139 0.888
MAS 5.0 signal value of eight chips (including two biological parallels). PNSI 133 198 646 77 0.823
SIPI8 78 140 562 124 0.834
. HSP32 /// HSP33 /// SNO4 47 62 486 146 0.935
R4 ERRARBELABEAREZINESHNEIF MUP3 75 76 451 3 0.909
Table 4 Promotors induced during xylose fermentation DAK2 17 17 01 44 1.430
P MAS 5 (a)%gﬂséeggth vl s S 2 EL PHOS89 51 32 370 47 1.217
Promoter (G oo “}? varation %Iﬁl I%Iz? DECERS Y2 ?Mz%""»%zﬁ P, 125 5% R K8
e Y 1 MAS 5.015 5
YNRO7IC 104 27 5235 S04l 0-885 Th:promjt?r] sjt\reini/tjlij:der )dn?ferem carbzzﬁj:cjs is the average value of
PUTI 387 359 3804 1298 0.919 . . . L )
DSF1 /) YNRO73C 53 5 2122 1934 0933 two blologllcal parallels, a.nd the.coefﬁcwnF of varlaflon 1‘s obtained from the
PRMIO 63 114 1166 395 0.959 MAS 5.0 signal value of eight chips (including two biological parallels).
PCK1 58 50 170 997 1.192
MMPI 84 43 773 289 0.923 6 EFABMABELAEBNEEZIFSNEHF
FMP48 38 66 514 438 0.805 Table 6 Promotors induced when xylose was used as the sole sugar
TATI 39 53 174 692 1.053 . oh i Strength s S Z
RGI2 50 62 555 221 0.881 PE" a7 (MAS 5.0 {55 fH Signal value) Variation
romoter .
FAT3 40 37 210 386 0.825 G GX1  GX2 X coefficient
SFC1 18 15 99 343 1.086 MALI2 /) MAL32 46 41 150 3281 1.495
RT3 T30 BTV E 0 P 700 P, 8RR ¥k SORI//SOR2 25 18 92 2160 1513
WA H (KA FAT) (IMAS 5055 (KR PRY2 44l 33846z 2001 0805
The promoter strength under different carbon sources is the average value of SUTI 206 193 541 1517 0.842
two biological parallels, and the coefficient of variation is obtained from the AGX1 190 189 272 1485 0.971
MAS 5.0 signal value of eight chips (including two biological parallels). FBPI 39 60 236 1339 1.216
FDHI 58 58 146 1126 1.231
HXTI5 //) HXTI6 12 13 14 536 1.505
Pyrorics TERIFHANE K BERTFTVE NS R 30 10 1. IR I R mimies 1 o g 2 19 B S 9 O 2k 2 A A T, 1 78 5 2 i 8
U S D B TP P H 5 A S B B R B0 F P T E R SR (RRTUCERI P A7) HIMAS 5055 (HARRE

FHACHE T A DA v 25 56 B2 90 8. LA RS 3l 77 R R
i A B AT 2 55 0 3 7 ﬁﬁifﬁttEﬁJm%%ﬂéﬁﬁﬂﬁﬂ‘%m
— R G A I B S 3R] DU A 2 A R R AT Bl
FE, B AnTE LR & B R IR, Ti”‘fﬁﬂﬁﬁﬁlfﬂﬁﬁ’ﬁ
AR B BER IR TR AR, DT AN X 40 3 A G A,
AN A A A, T A AR A 7 AR ™ i, Sk
A 2 e s (AR R IK IO/NAT ), AT 3k 21 82 2 7™
AR H .
M4t n] IR Hh, X 8852 AW S 098 3 1, Ja s
P 2 M T 5% 12 R 5. AR A B SIS, 240 0 ] B 1)
TSP SR — LW i) it 25
FSFFOHI T 53 AN M HF IR IR 31, AT A
e W A TR T 9 B2 555, i TR W R S R I AR R I
Bt (GX2) FAE S AORE H 3R 5 b (X)) 3 B2 2 B 5 5. Al
%E%E"JE@J%PHSP?()E/E%%iﬁﬁgﬁﬁ%%*ﬁ}”m@l

The promoter strength under different carbon sources is the average value of
two biological parallels, and the coefficient of variation is obtained from the
MAS 5.0 signal value of eight chips (including two biological parallels).

Benl Ry s Ja a7 . 22 ZE R R AR 37 (P, M
Poars) FITLLIBAH B it S 1 35 DR S 3l 7 (Poor, M Py, ) FEER
A AR 55 37 RE vhnT 4 Ry v S5 R RE A9 )3 Bl T (H ORGSR A
TR A Wl 77 5 R W ) AR B BT B 32 315 . X2
Bl A R B RITEA R Z5 0 F 22 S R 0 75 2L
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iR 3 1) R DR e e 8. D IR 22— T RE R T A L
HECTETR B, TR AR A 38, 7> AR Dy E— Bk 5
BT TC BRI 4. Rorh gt iy H7E A & B 75 5 5 4 7

HYJa B, HR S A AR OCBE R R B i 52 . AR B T L S B
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