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Abstract: Plant biomass is the most abundant renewable bioresource on earth. Many high-value added
bio-based products can be produced by biomass biorefinery which needs to use plant-polysaccharide-
degrading enzymes (PPDEs), such as cellulase, xylanase and raw-starch-degrading enzymes.
Filamentous fungus Penicillium oxalicum can secrete complete PPDEs with high activity, but low
yields of PPDEs limit their large-scale production and application. The biosynthesis of PPDEs in
P. oxalicum 1is strictly regulated by many regulators such as transcription factors. In this review, in the
biorefinery of sugarcane bagasse and raw cassava starch as feedstocks, some aspects concerning
microorganisms were introduced, including the screening and breeding of fungal strains with high
production of PPDEs, identification of regulatory genes regulating the biosynthesis of PPDEs and their
gene expression in P. oxalicum, and construction of the engineered P. oxalicum strains with improved
PPDE production, which would provide theoretical guidance for the exploration and utilization of

fungal resources.

Keywords: Penicillium oxalicum; regulatory gene; cellulase; xylanase; raw-starch-degrading enzyme;
genetically engineered strain
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Table 1

R PR G i

screening from nature and artificial breeding

MALBEMRSHEYSREERBHNERSEERERYIR

List of P. oxalicum strains producing plant-polysaccharide-degrading enzymes obtained through

Strains of . Characteristics or way of  Inducing .

P oxalicum Parental strain obtaining carbon source Yield of enzyme References
HP7-1 Wild-type Isolated from Guangxi Wheat bran FPase 1.79 U/mL [15]
forestry soil and avicel
Z1-3 Wild-type Isolated from Guangxi Wheat bran FPase 2.74 U/mL [16]
forestry soil and avicel
GXU20 Wild-type Isolated from Guangxi Raw-starch RSDE 20 U/mL [18]

forestry soil

114-2 Wild-type Isolated from soil in Jining, Cellulose and FPase ~0.5 U/mL [20]
Shandong wheat bran

EU2106 Strain HP7-1  y-irradiation and ethyl Pretreated FPase 2.78 U/mL [19]
methanesulfonate/ultraviol sugarcane
et light mutagenesis bagasse

JU-A10-T Strain 114-2 Multiple rounds of random Cellulose and FPase ~4.5 U/mL [20]
mutagenesis and genome wheat bran
shuffling

APoxKu70 Strain HP7-1  Deletion of gene PoxKu70 Avicel Basically the same as that ~ [19]
in strain HP7-1 of the wild-type strain HP7-1

OXPoxGAI54 APoxKu70 The gene PoxGA154 was  Raw-starch RSDE 241.6 U/mL [21]
overexpressed in
APoxKu70 using the strong
promoter Pp,,zocersp and the
strong signal peptide
pPoxGA15A

A2-13 OXPoxGAI154 ARTP/EMS-combined Raw-starch RSDE production increased [22]
multiple mutagenesis 89.1% compared with

that of the starting strain

APoxAtfIAPoxCxrC APoxKu70 Deletion of genes PoxAtfI Wheat bran FPase production increased [23]
and PoxCxrC in strain plus rice 2.4-29.1 times, xylanase
APoxKu70 straw production increased

78.9%-130.8%

APoxCxrC::eEF1A  APoxKu70 Simultaneous deletion of  Avicel Cellulase production [24]
gene PoxCxrC and increased 14.7%—127.7%,
overexpression of gene xylanase production
eEF14 in strain APoxKu70 increased 31.7%-217.8%,

RSDE production increased
55.4%-314.6%

RE-10 Strain 114-2 Simultaneous deletion of ~ Wheat bran Cellulase production [25]
genes bgl2 and cred, and  and avicel increased 10-27 times,
overexpression of gene xylanase production
clrB in strain 114-2 increased 5 times

I1-13 Strain RE-10  Overexpression of gene Corn cob, pNPGase production [26]
bgl4 in strain RE-10 wheat bran, increased 65 times

soy flour and
cellulose
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J&, BPA IR CreAS ™A TR R Y £ 2 K i G
BFEZES . S319 EHM Stk22 MIBERRIL AL,
J& PKA MR R L7 1, BECAEE Crel
Hh S241 BB AL & M2 I DNA 454 F1 CCR By K
A, TSI £ 4E Rl o ; H S8 CreA
$262.S268 FlI T308 AYWEER AL CreA
A WY ENL . DNA 45466 S MBS 5
AU R, S262 F1 S268 i 4k 1% I
CkiA BEFRALAL S, T T308 J2bl A il ik ity
GskA MBERRALAOL . S5 4h, CreA MIZE
PRI 7 B g At AR EE

CreA/Crel Wil & H #4546 805 F 57 7 ok
s SR Re RN e sh+1X, Hi%
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VA S 5 AU B R B B s KK, Rl aE 3 A
PR SRR RE I R, A 2 5 i A4
AL Rk K, fildn, HLCKREE CreA H
F2 45 5 B O B 2 4 3R G AR 3ROpE i AL X A
chhl . egl. xlnA. xInB Fl xInD )5 8 FIX,
A5 BRI 3L N oyl TR Bh T IX 48, H#E
TR [0 22 b 4% ) 2T 24 2 T R AC SR g 1y 7= 11

ERFEENE, £EE 7 Ca® . Mn*' 78
CAMP (55 1% 3l B PR AR £F 2 Rl A R 3Rk
Ferp, R4S EEAE Y,

RE W G EAR A M 3 M IEE Ga, GB
Gy 48, Z50% . IR . 2P 4R | ARk
oy YEEER . BEIR . 858 AU AR B A
FoAE T, A Y AR AR A
i A A R o, BLIOKREE P, GNAL
Hl GNA3 #B/2 Go EE, Bk GNAT #il GNA3,
FEEAgE R R IR AR, I RO
ML AR MHE TP, EREEPHEK Go W
PGA3, ST — WK MR EE D) cbhl R%% 5%
K, ABEANE = £ 4 K S &, PR
S A B A M BRTE Apga3 iz F
M=,

22 24 5 1% A6 8] 11 3 B (mitogen activated
protein kinase, MAPK)/Z BB {5 5 1% 5 1) G gk
Moy, Z 5% Fh R 109 F s f kB #
MAPK 3 1o 75 5% 57KV ARG S5 KF-, A
PEAT A0 Y A B A CH, TR MAPK Al 1% 2 3
MAPK 2 (MAPK phosphatase, MKP)H 1
P, Tmk1, Tmk2 F1 Tmk3 %6/ MAPK, H
FOARBEH, tmk] R tmk2 W ER S BOCHELF 4 R
Tt AR A 2R M 35 P 1) 2 3k B AR EY . Tmk3
Z 5 R E YU . YRR A0 RE 58 B M AN 2 4
R A,

B B R IRTEmS ] | 25 (el Fi g B3z 3
5T = A e 44 RA B B XA PR 5 4[] B 0 4R
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AL e R o B YAk B DNA J7
G, WfEE s, e AL AEH
N 3 248 & PP e 4 & R =R HOT i B iR
FUT 4> T10 R 22 o e e R TR 26 3K 32 31
KAEFHEF R Fln, 22 iErREEe g
REGAR R R A R ok IR 7, FEA
FHHRERARZED Xyl AcelP* | Ace2l™ |
Ace3® | Acedl®; ML RE Bk 1 B AN HE b
CLR-1/CIrA"*?! | CLR-2/CIrB/ManR™; ik Ik
15 H CLR-31 | CLR-4"*" | XLR-1195766
VIB1Y | MemAl® 1 e 8 ¥ v by il 3L 8 6 ik
W, EEGHEMES AmyR Al
MalR"Y | MalP 1 MalT"", K% 4k 71 @ b
ART17? | HLGRE F COL-26 [A] 54 BgIR!
HLRE Bk f B COL-261* 1 M il 5 rp 55 S I 7
PreTU 3 68 s [K 15 175 55 7K - B0l ml 25 P
PR A ) 22 W O A Bl e TR A 3 . teAh,
W) 22 W Ko A 18 35 TR 3 7 IX B e TR s T
AR 18R (s A an 2 kAR U Uz &R
AT, 2 52 i W 40 22 W AR A R PR 1) 2R3

3} EREFBEHNSERRBRARK
R EEEFHER

[l A 22 R L — A, BIRT Y 20
R fige T IR 1) R 38t A2 A A B IR 5 5, HL RIS
% WAERE 56 A 7 BRI DS BT A (B 2) 0 IIZR
Rzl B A BN A R IR B B wi bk 114-2 A
WAk, T 23 EA 470 NEFEE T g i
I 28 A8 Ak, 3 il AR e, R
20 LSRR FTELF 4 R G b KR, T
e T A 4 A OGRS N CIrB.,
CreA. XInR fil AmyR., H:H', ClrB 1F [ i £F
AR BEAY 74, CreA Fl AmyR 7 [n] 5 4F 45 R
ML RIE . ML ORE N Xyrl, BRE
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B[R A 11 XInR L8R A MG (195 1L, X
LR R W A BN G dRiE, 2]
5 45 K4 15{ (homeodomain-like) 5% 5% [l T PoHtf1
5 MR S F CreA, AmyR, CIrB il XInR
b ) PR G T 2 R S R A Rk AL,
LR T B bZIP ¥ 3[R ClrC 1E [ 4% Z
WU . o A AT 0 A, LA S T 4 R i AL A
(i Fe k™, FR T B C2H2 ML SN T PoFIbC
PR TR T, M4 R pE R R B R R
M

J7VE R AE AT AT DA o X R R R T A
HP7-1 FlE B8 bk EU2106 763 A ANl i
58 PR ] A 35 35 e RN AAC B 37 i 15 95 25 T 1Y
e S EAT OB, TRTIEARARIE 150 A4
AL W) 22 Wl ek e il 2 00 5 O A 3k B s [ -
Rl O 17 3 3 S R 5 53¢ IR 1~ L PR ) Th g
HAL T R R SRR A

i1 Hlumina —ARM)FHA, K15 T iR
T 8 bk HP7-1 B 5L D 40 41) (BE DR 2R % 5 5
JRVD00000000)!"™!, 1R 9 834 I~ 145
S, BHE 477 A G iRk A G W T 1
(carbohydrate-active enzyme, CAZyme)Z K L)
S 484 ARG s K 7 gt BL K o gk — 20 ]
5 AR B T ST A R (single-molecule

real-time sequencing), $f5 1 YO K AL R 21
P8, AHE 8 AR k)P A, TR 9 728 4>
EAgmGIEN, 5 712 4 CAZyme 3 [H LU
Lo 496 A~ TF L[N o ] iy i i 2 D9 41 4l
3+ K (high-through chromosome conformation
capture, Hi-C)ZE 7 T FFE HP7-1 ) 3D FL[H 4
(JRVD02000000)™, i i [A] V5 B4 A, bR
PR HP7-1 2 5 3 W5 AR o 14 422 1 42 10 6 ]
PoxKu70"™, FRAG T HA = w505 TR R B 3R 11
RASH MR APoxKu70 (£ 1), N 1 seik$iA: Rt
PEVRIC A BR A T, TERIPR APoxKu70 1,
HE T FLP/FRT D8 R A R4,

AU A A BE &, ik
PR R DR A ke R AR A, I AR ) 22 R
B, RILT 18 MR YY) 2 bh R i Ak
Y& BTG s Rl (3R 2). X SEEE SR b,
9 M EB R 45 R (7T A Zn2Cys6; 1 > C2H2 Fi
1 1~ GATA) .2 P& 47 bZIP 4544 .2 M54 Myb
gitg . HAE S Mo AELRNEN B
(centromere protein B). S kHE(forkhead), 12
Jire-%% 11 - B (helix-turn-helix) | & 32 7% A 1
(high mobility group box)F13S [A] 4544 35, 18 1+
FESTEEXT o3 Al R B, % 18 e sk IR N4 46
1 1 B I AT B I A B ) e s L3 e b . AR A

R2 LTWERSE HPT-1 RIREEYZ EREREBREERIZEINED R

Table 2 List of identified regulatory proteins regulating the expression of plant-polysaccharide-degrading

enzyme genes in P. oxalicum HP7-1

Protein ) ) Inducing carbon
Gene ID Conserved domains Mode of regulation References
name source
POX01118 POX01118 Zn2Cys6-type zinc finger  Positive regulation of cellulase  Avicel [32]
and xylanase production
PoxCxrA  POX01167 Zn2Cys6-type zinc finger;  Positive regulation of cellulase  Avicel [33,84]
Fungal Trans and xylanase production
PoxCxrC  POX01387 Zn2Cys6-type zinc finger;  Negative regulation of cellulase  Avicel, wheat bran [30]

Fungal Trans

negative regulation of RSDE
production

and xylanase production,

and avicel, wheat
bran plus rice straw,
soluble corn starch

(1548)
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(Z3R 2)
POX01474 POX01474 Zn2Cys6-type zinc finger;  Positive regulation of cellulase  Avicel [32]
Fungal Trans and xylanase production
POX01678 POX01678 SANT Negative regulation of cellulase  Avicel [32]
and xylanase production
POX01907 POX01907 SANT/Myb Positive regulation of RSDE Soluble corn starch  [85]
production
PoxCIrB POX01960 Zn2Cys6-type zinc finger;  Positive regulation of cellulase  Avicel [19]
Fungal Trans and xylanase production
POX02484 POX02484 Zn2Cys6-type zinc finger;  Positive regulation of cellulase  Avicel [19]
Fungal Trans and xylanase production
PoxAtfl POX03016 Aftl_OSA; Aftl HRA; Negative regulation of cellulase =~ Wheat bran plus rice [29]
Aftl HRR and xylanase production in solid straw
Basic leucine zipper state cultivation
POX03446 POX03446 Zn2Cys6-type zinc finger;  Positive regulation of RSDE Soluble corn starch ~ [85]
Fungal Trans production
PoxCxrB  POX04420 C2H2-type zinc finger Positive regulation of cellulase  Avicel [33]
and xylanase production
POX06509 POX06509 Basic leucine zipper domain Positive regulation of RSDE Soluble corn starch  [85]
production
PoxCbh POX06865 CENPB-type HTH domain  Positive regulation of cellulase =~ Avicel [86]
and xylanase production
POX07078 POX07078 PHD Positive regulation of RSDE Soluble corn starch  [85]
production
PoxMBF1 POX08292 MBF1 Negative regulation of cellulase ~ Wheat bran plus rice [34]
and xylanase production in solid straw
and liquid culture
PoxNsdD POX08415 GATA-type zinc finger Positive regulation of cellulase ~ Avicel, soluble corn  [33,87]
and xylanase production, negative starch
regulation of RSDE production
POX08522 POX08522 Forkhead box Positive regulation of cellulase  Avicel [19]
and xylanase production
POX09752 POX09752 Zn2Cys6-type zinc finger;  Positive regulation of RSDE Soluble corn starch ~ [85]
Fungal Trans production
PoxMK1 POX00158 Serine/threonine protein Positive regulation of cellulose, Avicel, wheat bran [88]
kinase catalytic (S_tkc) xylanase and RSDE production  plus rice straw,
soluble corn starch
PoxHmbB POX04772 HMG-box Positive regulation of cellulase ~ Avicel, soluble corn  [89]
and xylanase production, negative starch
regulation of RSDE production
eEFI1A POX06702 Translational elongation Positive regulation of cellulose, Avicel, soluble corn  [24]
factor xylanase and RSDE production  starch
GNG-1 POX07071 G protein y subunit domain Positive regulation of cellulose, Avicel, soluble corn [90]

(GGL)

xylanase and RSDE production

starch
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1R 2 AL 1A B 8 A Tl 7 i A T Al A ) AR
FERREE, AN 18 A Hh i 9 AN s 1 AT
THRAWGE

1 5% [ -F- PoxCxrA (cellulolytic and xylanolytic
regulator A in P. oxalicum; POX01167)%K 733 4~
G, {F5 1 3% Gald FEFE45H) DNA 254
HRERAN 1 A BB R A Y B SR IR 7 25 4 B
(fungal TF_MHR). 7£ avicel 54T, ML
R TE R APoxKu70, 721K APoxCxrd £ 4R
i A SR ™ 5 2 2% N 68.5%-99.0%. 22
SEE SR MR E i PCR 0 KB, PoxCxrA
gy 25 W 4 ¢ B £ 4E 5 T R OR 3ROBE i K ] 4
chhl . egl. eg2. bgll Fl xynllA 55, £F4ERits
FiE AR cdtC M cdtD, LA 3E R AN
PoxClrB . PoxCxrB . PoxCxrC. PoxNsdD .
PoxChh % i3k, [FIEE, PoxCxrd HY%E %K
V1 37 2] JE 45 HE K PoxClrB . PoxCxrB il
PoxNsdD WshZ5 ¥ . PoxCxrA °] H 24543
AL BYIE ST IX, HHTE chbhl Fl PoxClrB
a3 7 X 45 & % L DNA ¥ 41 43 51
5'-ATCAGATCCTCAAAGA-3'#l1 5'-GCTGAGT
CCTT-3'. PoxCxrA ARSI DNA 455N
PoxCxrA,; 55, JoHP PRSP R FERR R18. R19., Q27
K30, K32 F1 P38 KM EFEMR . ARENE,
PoxCxrA L BESS A H CHYJH 8+ Xkt B &
FE 55 Ak, PoxCxrA 8 2 3h BE AR i T 1 V5L,
WTE avicel IR, HRE R A AR
FIAR MR PoxCxrA RO VR, (B2 1E %k
FEAERE LT, KA E] PoxCxrd HYHTED)
RE, N AT BE A2 2k b A A ) T PoxCxrd
HRI5,

Pl PoxCxrA MLy, #E—200050 7 5 HAE
e A MBR R R 1. Hrp, #%
sk A+ PoxCxrB (cellulolytic and xylanolytic
regulator B in P. oxalicum; POX04420)% 4 302 4~

GAHEIR , A5 2 > C2H2 BF5 451 DNA 454 1)
RE. PoxCxrB WYBRIR, PERIR T % CHLT
Y 2T . A RO N T il I R 1) 5 SR OKOF S
FHTRE, SRR &1 T . PoxCxrB i
A DL 45 A SR BERGE IR 1 80 71X . 7E avicel
iH ST, PoxCxtB A [A] #2 B b 8 35
PoxCxrA. PoxCIrB # PoxNsdD py ik,

PoxCxrA B sh A PoxCxrC MRk,
5 R F PoxCxrC (cellulolytic and xylanolytic
regulator C in P. oxalicum; POX01387)4K: 924 /4~
RIEMR, 5 11 Gald FEFE 451 DNA 454
DIREIRA | DB R G SR a5k, 5
R VR ER H B R VR APoxKu70 AR, 7E5
AR avicel . 2 FRMFEHF . F Fk
avicel , R FELFYER | Al A TETEN S RE R 3L
B, AR APoxCxrC MILFHE TG . AR
il A E By T 1 2 B 10.6%-119.6% 6
PoxCxrC B 4245 G ML qE K . ARG
A VE R WL DR 05 B DX, DT 9 4 il 1R 1)
ik, PoxCxrC 454 1E cbhl Tl egl JR 51 T IX 1Y
HAZ AT IR P 9 43 BN 5'-TGGGTTG-3' (=519
F|-513)5 5-TCCGTC3' (660 F]-655), PoxCxrC
W U AR L K PoxCxrB . PoxCreA .
POX02484 . PoxNsdD F PoxAmyR HyZEik. it
— W5 KB, PoxCxrC ) N i 12-288 24 JEMR
(PoxCxrC iy oge) A S AL S IR SF LK LPSVRSLLTP
(65-74) 2 4E+F PoxCxrC 1E ¥ LT 75 1 o
PoxCxrC Y N % A1 C ¥ X 3, LA A PoxCxrC
IR &M, #B2R2m PoxCxrC JE Al [A] I
RARPY,

E— 25 il 5B R R0 4l b - B A
GST-pulldown 73#7F &, PoxCxrC 5 FHPE LE i
Kl eEF1A A HAE M . 76 H R H % W ik
APoxKu70, i H36ik eEFI1A SEET 4L . AE
BTG FNA: SE R 43 A R 31.03%-58.64% .
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30.49%-40.61% 1 10.56%—104.48% , 2 B
eEFI1A (el R B4 KM . A RWERG 4
E R 1 e A Y

& 5P PoxNsdD (POX08415) 7 494 144
FEMZ, 7% 114> GATA £EIE45H) DNA 45448 .
PoxNsdD 5 i 2t /45 K ¥ NsdD 1)— 3
PER 57%—64%. HIRTEREHE PoxNsdD ik
&K, FEOLLYEREG . A RNHG AL JE K g
B E T, EEHRET PoxNsdD X kg il Kt
U cbhl . egl. eg2. bgll. xynllA. PoxGAI5A
M amyl34 WEh S EEREP, PoxNsdD %
HERE RS ERTREE MO EYE .
HAR MR, FERRR T & 8 72 A KA fl it
W, PoxNsdD 1F [] 45 AE 4 22 W [ fid it 32 K] 1)
Fik, (HREEFEKHEL, M= Aok
2Rk, 7E avicel BT, PoxNsdD A
[ L B H R #5 PoxCxrA AL,

55511 PoxCbh (POX06865)4 K 544 4
HHE, 5 11 CENPB-type HTH 45 #4) 45
M1 A~ HTH Psq 45 #38 , 5 245 % £
(Schizosaccharomyces pombe)d CENP-B [A] 2%
Cbh FIAZE CENP 11— 243008 21%F1
23%. Li FIEER TR HER APoxKu70 Wik
PoxCbh 5:IH |, TEGMAH AR 4k F N ME— BI85 5 5%
T, SHAHE APoxKu70 I, RSk
APoxCbh ] £1 4k &K T F1 A 2 4l 1 = & [ {IK
28.4%-59.8%, PoxCbh H {345 & 56 fl 1 4k K il
FIAR R IERUN cbhl . eg2 Rl xynllA 5/ IG
ST IX, WA RE . #F—4 & PoxCbh
454 cbhl JE 81X 249 F|-228 {ii# . (H15%
42, PoxCbh 7E avicel A E S 44 T HA
P TIRE, (A2 MR BRGS0 T,

S 5 i 110 7= A 101

& S F PoxAtfl (POX03016)F1 PoxMBF1

(POX08292) 2 i 1+ fiff 5% B R 75 2 7E [ AR 35 77 2%
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R 55 S 4 22 5 50 AT DA R ast A% 2 4 BT B 26
B PoxAtfl £ 464 DEIEMR, 1% 14 Aftl
BB EN B (Aft] osmotic stress response). 1 4>
Aftl HRA .1/~ Aftl_HRR Fl 1 > bZIP 453k,
2GR Atfl —BME N 44%, TERRE
KK APoxKu70 Wi PoxAtfl KK, ALk
APoxAtf1 13 FINREFFE T 200 T W4T 4 K ilg
FIAR RGP B TH i 46.1%—183.2%. PoxAtf]
TE [ A J T 25 A0 T 8 48 0 B 2 4 2 1 FN R 3R
WERGIER AN cbhl | eg2. eg3. xynlld Wik,
PRANEERE TR 0 & B0, PoxAtfl HLAEZE A X
S ST TR 11 )i ) 1 IX P2 [l B 2 PoxAef1
N PoxCxrC, 8% PoxMBF1 F1 PoxCxrC, 7353k
5 W K K % 4 Bk APoxAtfIAPoxMBF1 Hl
APoxAtf1APoxCxrC, g H2T- 2k 2 Tl AR Mk
i r=sr, KIL PoxAtfl Fl PoxCxrC H.AG & INAL
85 1 PoxMBFI 1 PoxCxrC Jo NZL N . A
RN RS APoxAtfI APoxMBF1 5 B3R 5875
& APoxAtf1 Fl APoxMBF 1 {55 [F %% 5533 kA W
AR

PoxMBF1 & 154 PR, (7 1 12
JiE - £ -1 i DNA 45 5455 1~ MBF1 45
P, SRR Mbflp —EME N 51%., 7EH
KR APoxKu70 ik PoxMBFI 5505, &3
RAFR APoxMBF 1 15545 22 ERINAE A B4 [ 4 A
WA T 2515 28 2 2R Tl AR SROM Il 11 7 1
B 20.0%—131.4%, PoxMBF1 £ [ 14 Fi 14 55
I ST VR4 G R 2T A 2 Tl R A SR Tl 1R 1)
ik, S5 R IR A b i B

I A A FER T # TR AR HP7-1 43378
R A R DE RV Ry E— B VR B % A AR T 1R it
A, L 23 ANV A TR BE A B R R A 1Y
e LN . Horf, POX01907 By BRI 578 1A
B A= Ty Tl i T R B R O, iR 3 83.4%.
POX01907 4> 1 794 M2 LR , B2 7 21> SANT
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SER I . POX01907 1 42 I B J A il 5L [5] 4
PoxGAIS5A. amyl34 Wik, IF&5E&HIE T
X, SR1, POX01907 ASHNA£T 4 2 il Al A 3
e 1 7 A 9

AN, Xiong FF1EE IR H % APoxKu70 "
Fr—~ HMG-box & 4t PoxHmbB, 5
R HRR APoxKu70 # L, TE avicel iS4
T, Z2AE Kk APoxHmbB 4F 4t 2 i 7= 5 B A%
34.7%86.5%, AR JEMiMG " i % 60.3%; TM7E
AT EOKRIER B R, TER BT T
15, IE4N, PoxHmbB RSN T W F WK
(53 A F K B AER 22 kA K

BT LIRS A SR, Sl kB
b A S B 11 W) R T B A ) 22 W R A I 1

GNGl1

PoxCbh

1/

PoxNsdD

PoxMK1

PoxCxrA

(3 2) BN, Pang % & 8L G # 1 y WAL GNG-1
(POXO07071)IE M A R F R AT X W . ARE
WA A Ve I i, E—B R REH GNG-1 7]
RESHI A FHE PoxCorB 1363k, AR 45474k
FE . ARG A SRR LR IR 1 2P

Ma % & B MAPK PoxMK 1(POX00158)1E 1]
VERPR TS RR 2P AE Rl . AR BN AE TE Ry i ) LR )
G e PoxMK1 AMAS - FOCRLTAE RN . ARFNHG
A JER B SE R A ek, IR PR SCBa R 5L R
PoxClrB F1 PoxCxrB W% 5K B8

DL EWFRERY], BT A ) 2 W
A6 B2 B A sk - FAR G R R B 2
PP, HEIMHZRENE . FERE R ZPE(E 3),
SEEIT

POX01907 —®

/ \v

[ PoxCxtC 4 poxCxiB

| |

>  PoxCIrB

v >

PoxAtfl

Cytoplasm

Wiz
/o

g 1
PoxClIrB-2
e / PoxHmbB ———
PoxAmyR >
| Iy

Raw-starch-degrading enzyme genes

Nucleus

3 ERFETEVUZEREEERRABEER/NBEIEME

Figure 3

Regulatory network of regulatory proteins for regulating the expression of genes encoding

plant-biomass-degrading enzymes in P. oxalicum. The regulation depends on the induction of extracellular

carbon sources and induction duration.
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(1) AN Tr)Fof 2 A8 ) 2 0 5 A 5 8 ) 30
BERAESEPEA TS . W0 PoxCxrC 71 ) P 47 4 R
ity . A SR it 0 AR TE B Y 77 5 POX01907
R e P L 1] 4 AR VE B B Y 7 i, PoxHMIBT IE
[ 8] 455 £ 4 2% Tl R K SRR Y 77 6, 6 A
P 1 VR Y 7 A

(2) A[E) 37 Oy 2 L 4 Fn e S e 42
1N PoxMBF 1 Bk el 42 i 1A B 3 2% 4 SR 47 [l
PRBE IR 25 Y B 1R 7 2 2T 24 2% il AR SR I
FER ) 3R35 5 PoxChbh 4 SR IR AR 55 57 25 1
I £ 4 R AR SROBH B RE DR 0 3Rk

(3) HMERER IS T KA PE . 40 PoxCxrA
1E avicel FF AT BA MR, Mk, &
AZFRIN avicel 2514 T TCIHEEIEE; PoxCxrC 7
Z AR avicel . RHILLFLE R | L&
avicel . ZEMFATEIHR N AR A FHERE

(4) ZHeN BN A E A HI AT
Wi ST, PoxCxrA fEdf PoxClrB LN W3
ik, HEEFZEM, PoxCrd MERIEZH
PoxClrB A Uil

(5) HesEINF R A EAEM i PoxCxrC
1 eEF1A M EAE FHRE IR 5 R4 R . K
RO it A0 A VE By il 15 8

4 ZEHRE

L) 22 Wil ik Tl 455 I PR A B e
Bk APy B R A = S . HAT,
FLIR ) 22 W I i i 1) - IR, B0l 2R 7 A
SRR AT o ARIAEY) 2 B 2R S A 2
b 5 e TR K AR o A SCBE X A H T AR B A U
Koy g A= i A DR T R A R AR R AR A
WL YR AR T M T E R 3 A
wAE, T RIERAT T — R ) R 2
Wi PR R R AR, MEE TR R R
20 R e L2 045 ) 22 ASBr R IH

<l actamicro@im.ac.cn, & 010-64807516

JRAE H R R R T A ) 22 W R AR T
BLER . T &5 F) i #BUs T — 2 o ik
&, (A5 SEEUH Tk B RHUE N 1 B AR iR
— MR B, XPARSRAGE TAE, ditn
5 DL R 5 SR

(1) HATRESE ] T6 A W 2 s B W
PRIA SCRERAT IR T A B, 75 B4k SL i 1 FI
s T8 YR S R T B A ) 22 W R A I T O
T, R E T AL AT

(2) B HTKH A TAE H A5 58 AL il ™ it i
BB 2T b, T ERAMRT
S SR DR ROME DG B T Y o TR ALBE, g
et . mRNA FaE vk S st . & A AR
718

(3) WFE L5 5 I R I EAEHLH] AR
I AR AL B A T e N T P s O 4
o R N, JEREE . RIS AR AR S
TR

(4) WFIRRLIR 2 h ik it A 4 S AR ) 2 0
VAR B A R Rl A s i,
VAT A B A S BRI, AT A P AR T
Pos, RRIE R E B Blan, a7
HIREHEPERA BGERAT . B ERE K
P R i i, il LN AR AR ) 2 W R A
BT, NI 8 i i i
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