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Abstract: In order to improve the ability of saccharomycete to produce ethanol by xylose fermentation, the wild strain of
Wickerhamomyces anomalus A42 was mutated by normal temperature and atmospheric pressure plasma technology (ARTP), and a high ethanol
producing mutant strain with excellent performance was selected. The results showed that the best mutation condition was 120 s, under this
condition, the lethal rate of A42 was 97.53%. The results showed that the ethanol yield of A42-338 was 42.59% higher than that of the original
strain, and the ethanol content was 20.78 g/L after 60 h of fermentation, and the change rate of ethanol production of each generation was not
larger than 2.50% after 8 passages. The results showed that the content of ethanol and reducing sugar of A42-338 were 19.88 g/L, 9.06 g/L, 1.79
g/L, 7.27 g/L, 84.61%, 81.05% and 0.40 g ethanol/g sugar respectively. Therefore, ARTP mutation is an efficient and feasible method for yeast
breeding.
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AHE. ZEPU%ME (RT) &5 stk AR A IR
A7]; Plant Genomic DNA Kit i, e 2 BeRF
AL RO AEYIRIEA IR AR WAk FeARbER
H by S = 1 20,

M SRR FRIE: AKE 300 g/L. LAY 2 g/L;
AR IR IE: AHE 20 /L. AN 20 g/L. b}
10 g/L R 20 g/L; Fhrissaids: ABE 20 g/L.
EAME 20 g/L. BEERN 10 g/L; JRAMR B -5
AKWE+EIERE 50 o/l Bilidss 10 g/L. BERER 2 g/L.

FFRHE: RBE 10 /L. LB 1.5 /L. HERER 2 g/L.
TRIRER 0.4 g/L. TR 54 1 g/L. Bif§ 30 g/L. pH
5.5~5.7; TTC LJZ#5aR%E: 4 PU%M: (RT) 0.5 g/L.
AW 0.5 g/L Bflg 1.5 g/Ls IHZATre KB IR AL
FHFTeANERRIGR . #IEBE 35.05 g/L. filidss 10 g/L.
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R, P REFRIEINZ 121 C i EZ&5 K 30 min,
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W, ARG RIS, T 28 'C, 100 r/min #%
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1.43 ARTP #HZ A 3E
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1.4.6 HIEAE

S%H] Origin 2018 224, IBM SPSS Statistics 25 i
AT
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Table 1 Ethanol production by yeast strains
Htms  TESE/(gL)

A25 8.660+0.34
A42 11.93+0.48
A64 8.06+0.37
A70 8.35+0.58
A95 11.04+0.64

A S R B4 5] 126 RREEF FHAHEE Ay —
R A K I BE AR BRI, 959 A1-A126, KR
G VR TG TR AT QW R, TRk B A25.
A42, A64. A70. A95, HZE~EANE R, LB
EETEHETE 8.06~11.93 g/L, EARKHEWE 1.

22 WHRERER

221 WAEMEEATHER

WA TEAEE R WA 1 s, A25 BvE A H ks
gL, ANEH; FERIES N, R, Hk,
GERIAFNFINHE . Ad2. A64. AT0. A95 &N
R, NEW; WRIEASNETE, WgEST, KM
BT, BOHERS.

MEIR 5 AN PRI D B PR B 4 R an
2 fine A25 BIRREATIRIRIENAIR . A42. A64. AT0
PLK A9S Btk ZOPIENE, ¥IRANEARSEEHS . S
FHIESS SR ATHD % o AR B 5 AR AN = 1
(1T BRI R BE S

A25
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Fig.1 Colony morphology of yeast
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Fig.2 Yeast cell morphology
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PCR 3 da ik IR &l 3 o, & BEPk PCR
I3 7 W 1 B T 0 R LK R IE KR T
500~750 bp I8, #BA K H B8 8= 41
s — HIEM, TR RIS, WA AR
PEP IS I, R PCR 4 425 IR & 5 S50 22
Ko WP IRAFHI 1TS ZEH 75115 GenBank YR (1) 5%
DR P S EA T [RIVAR I LU, IR SR B AR ITS JPa14R
2Z Gen Bank, A} MEGA 6.0 A #)%8 R 40 % & M an
4, K5,
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Fig.3 Electrophoretogram of PCR products
7 : M: DNAMarker, Y: MR,

97 —Meyerozyma caribbica (NR149348.1)
96 Candida carpophila (NR152984.1)
A25
86 Meyerozyma guilliermondii (NR111247.1)
Meyerozyma smithsonii (NR111339.1)
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100L Enteroramus dimorphus (NR164210.1)

100
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—

[E 4 A25 E£EHEIAY 5. 85 rDNA-ITS HEFFIR % % Bt
Fig.4 Phylogenetic tree of 5.8S rDNA its gene sequence of yeast
A25

09 A42
A95
100 Wickerhamomyces anomalus (NR111210.1)

A64
% Wickerhamomyces anomalus (NR111219.1)
A70

Wickerhamomyces siamensis (NR111029.1)

49 Wickerhamomyces lynferdii (NR111798.1)
Wickerh yces subpelliculosus (NR1113368.1)
39 Wickerh arborarius (NR155000.1)
44 Wickerh yces sydowiorum (NR138219.1)
0.010
—
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Fig.5 Phylogenetic tree of 5.8S rDNA its gene sequence of yeast
A42, A64, A70 and A95

MR RIS RRIE, 456 1TS JE 75T I
HEE, X 5 REEDE T ERWEEE (Pichia
Hansen) (1/5) WIZEWMZE LR (Meyerozyma
guilliermondii, A25) ; PUIMNP#EEE (Hansenula H.et
PSydow > C4/5) I = % 8w W W B B
(Wickerhamomyces anomalus, A42) 75 B P
IRt (Wickerhamomyces anomalus, A64) . 54 85T
DUREERE (Wickerhamomyces anomalus, A70) F1H
T EERE (Wickerhamomyces anomalus, A95) .

WK HDODEELEE (Hansenula H.et P.Sydow)
WS T DU R RE (Wickerhamomyces anomalus)
TEALG R B S A TSR . xR A5
WA 18 AN 5| T S T2 FE R 4R H PCR 473
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ITS1 [X, Mlumina Miseq /7, =F& 7
BERHEVR, AR BARERTIA 12 ME. 16 Pl
W, Hobh FIREE AR . SRR A F
Kl B B REE K 26S TRNA D1/D2 [X 54133
ATAHTEERT, LB % e 1 260 PRIEEER, )& T 22
AR, R R BT DUREERE 101 Bk, RIS
PR IRHRIE IE B i AR LE B B R AT
FHb, BRI R AR KR 7T, BRI
ECTSE D0 1] J\AS M X SR 8 PR A AT A S A
FAE ) Eaith, G5 FHEYESE 104 BRI
MAEMHH 4 RN EEREE (Hansenula H.et
P.Sydow) , {H1ZJE IR BEE 2 15 BRI RS K™ 2,
B, AR W IHRIE .

S0 B DU IR B IR IR B = A 2 P R e
SR, HERECTIE L AR SR A S R
F 3 AN AR S 4 B Al 2] 6 R T RRAER
BF IR RETR o 8IS R R B e R I — PR
IR ERE (Wickerhamomyces anomalus) YNG6 [
FElRRE B, GC-MS MIELE SRR, HFh YN6 &
e AENIR R IR CR-2-HENERR. &
Me5 Tl O T R ERESER A . R
OB CHEREE, TASCS 22 B PR A R
AW R I RE

23 VR AT B 1 A Sk AR B L

AR AL FR IS )06 TR PR I RAL ZR 52 K
IS E) 346 ) 2 1 R B DNA #5350/, ZHITEHE T8
SRR AR DORAE TR, T [l K 2 5 3R
AR AT BCE AR D R B O
7 R o e P S SR S DR B A42 VRS R TR, S
TE ARTP AN[RIFAR A HE (] J5 15 2 R ih 28 WL K]
60 FEASRLBRT (A0 BAEAR I o A =N B, TR
AR GRER ] 30 s 2] 60 s Y P BGERPGE TR, M
13.33%F+ =13 53.33%, AR A 60 s ) 120 s
LN, BOCRLEETHE, 120 s IFiAF] 97.53%, i
AR RLFRI TR M 120 s $1] 150 s Y5 N BICR BT,
HEWMRAEIIET . FIHIEPEHELN A 120 s
REARIEEBERLE 80% LA HA — e HE M bR,
DR HLA B N R AR I R 45

ZEGER L 5L O HRIE H] ARTP 1548
TrFEAE T p- R A S 2 AT B S E et 2
BONARRL, FEFE AR AL FRIN [E] A 30 s I BAEZRIL 2 80%,
120 s IS ATIAH] 90%LL b BTREIRE R 4K A AR
TR FEANERE AT R LT RE JS-3 AT R 4R S
INFA] R AL, &P 8 min I FEMKEUERIL T 78%,



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.11

12 min 415 3] 96%. LA Ui ARTP 15548 5724 1)
TR EEVE R A A BRI 11 AL,
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Fig.6 Lethality curve of Wickerhamomyces anomalus A42 after
different time of ARTP mutation

SR PR 77 SR P BRI I BE el /R BEEAT
ORI, IXECTE M SRR A 0 4 CE R B
TR BEF AV LhE . DHAURE, (R BERE R
W D-AWE AR D-REIREE P 28, (A
R LRI IR AABE TR = R
(A FEE AR it v P ACHE 7 B 9 R SR 0 B 7
PYE T RE BRI B T 3 MO ST BRI
B Clavispora sp. NYNU 161120". Clavispora sp.
NYNU 174173". Scheffersomyces sp. NYNU 17926",
Hp 2 5= & 5 & 1N Clavispora sp. NYNU
1611207, F R 20 h ZEE & R EIAH] 10.40+0.02
/Lo FHIE AT IAS TR IR 1545 1) B BR B M FHACKE R %™ 2
BERE AR EGE, AP AR AR SR A s i
BH AR R

WA RAB T S ASE B TR E i B B 5 AR
ff] ARTP iFAE R, ARTP X ZEYINE I E 80
WEERI R PSRRI T, ] ARTP AbFR S 040M,
NG, EAERS A ROS HE A,
M S AL ARG 5 R AEVER, iS5 DNA 1E
&4 DNA [k Sk E b 5l 5 8 s/ EH
TR, AT AR 20 ) A R A
3361 FIFH ARTP BEA R A T2 B AR T
F BRI R EA SIS, ORI A
PAR F VR BRI B2 BE (Saccharomyces cerevisiae ,
CCIC-1517RM) HHTRAMNERN y PP E A FHAL, 15
FIVEASTAME LH4, I8 KB SFAT AL 5 B SRR
1%.0.55 g/LP", 5k #5855 Spathaspora passalidarum
NRRL Y-27907 #AT8EAMAEAL, PR H SHEGPREE,

Saccharomyces cerevisiae F3 G 3E K 2H HHEF AR
PRI R R IR B ) HEAT AR AR A S0, 153
Rl UF44, HRM RS OREEEN 1645 g/L. H
IR PLIESSAHE TAR SR B M7 ARTP AR (ERE B
HEAEM LAY, Z07ERE T KRR R A3 e
BER K" S RE

FAARERRK A ARTP 55748 5 P OO0 PR BRI
BEGRIR 73BT 5 A . SRR B B AR R TR LG e
W &5 S AR LLATIR R AR D AIFEK T 23.6%A0 21.3%. X
PIRRRAZ R TEELAEAR 10 IRIFREAT R RGP Si
55, FORBEVERE. SR TN A PSR4 E B R T o i
B e, k] W ARTP 548 & Fioy i AE I £
B AL B R b (A R

24 REEHATF

FERA TR RE R R B 55 I, TR A TR
FER R, WARERKE SRR L. N
Uk, AHFTC A R R BRI T KRG 7%, e Es
W RAZ AR IS o BRI 500 #k A42 SRR
FE /N 7RI AR 236 #K; 7RiFE 2/3 AR 48 ;s
FeNG 1/3 SARHT 84 Bk DT 1/3 SAREEA S 132
P, SRABMRAT TS 2/3 A

e ——

(& 7 TTC LL &AM Ad2 SRR EMRAR Y45
Fig.7 Partial results of screening A42 mutant by TTC
colorimetry
TTC (2,3,5-SA = REE PR & —Fhae 5L
R RV P AR S 0 S R PR S 8 77, i B ] DA
ST BERFIR TS IR, )RR S R B LR e
I AR. ERFRIORE R VR L —Z TTC B
A, VR N2 BRI A — AL, 7 RFRE TR
MRk WIRLL 0, HE NG, A OEEAR
TRATRMR I LD R EERRIR, Ll B A RE ARk =,
UL ZTRAS R RAE ARTP 528 o R AR 1) TR JEAR RN
Ko WE 7 s iR LERARKRZ ) 236 NRAL
PRIR 38 70 J € S S 45 R 5 R TRIRR KON B . BATRT
T SN i I R I AT IR R 2% SEhRHEEA T ik
Hoh R 36 MONIRALEE, 177 ORI, 23 BRA
AL BEA R A, SEAT A42 AT,
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ARG L R T LU SR AR AR 22 [ RAT AR AN
KA T IERAR BN R A, THREAFIERARN
42.60%. L 36 NMIERAFEERIEAT T R E T,

25 REEWREN

SR FH AU G T 200 52 25 TR R LA T M ) LB
i, WA R N 2, DB OB 2T
R R AT DU R 2, DY RS
RPN R AR IR I BV DT E IER AT
¥, g5 Bhn ) Q& E0E A Be IEFIE H ARTP
FARRAEIETARN I bR R Ol B
TR T B DU B A42-338, e 21 5K
AR T 42.59%, 88 20.78 g/L.

R2 MIEREEMHE TR C B =8
Table 2 Ethanol production of A42 mutants screened again

REEHK  CEAE  REEK LEeE

%5 /(g/L) %5 /(g/L)
A42-28  16.33+0.69 A42-193  18.95+0.31
A42-33  19.63+0.43 A42-203  12.35+0.29
A42-37  17.48+0.36 A42-221  17.61+0.46
A42-39  16.42+0.56 A42-253  16.74+0.42
A42-54  15.11+0.33 A42-254  16.40+0.46
A42-60  15.53+0.36 A42-262  16.50+0.39
A42-83  16.10+0.38 A42-274  12.85+0.34
A42-89  18.65+0.32 A42-282  13.22+0.45
A42-96  13.87+0.35 A42-286  15.52+0.28
A42-124  16.66+0.41 A42-338  20.78+0.37
A42-128  17.52+0.37 A42-350  19.05+0.25
A42-131  16.93+0.29 A42-385  16.99+0.46
A42-150  17.06+0.34 A42-404  17.07+0.33
A42-151  17.35+0.36 A42-422  16.69+0.29
A42-152  14.04+0.36 A42-450  16.73+0.32
A42-154  16.73£0.31 A42-454  17.84+0.37
A42-182  18.08+0.42 A42-470  13.50+0.42
A42-191  18.32+0.57 A42-490  14.44+0.43

26 fhREHREERTERE

FRAF R IR E AL e e T B ARAE SEBR Tolk
(1 R FH LA AR B A R S, DRI 7 L ) SR AR B
Pk A42-338 fEARREFE 8 IR, dI I e RAZ AR ) 254X
R Sl R 2 LB T A e M o H ] 8 T,
A42-338 223t 8 AR = EAE 20.41~20.84 g/L 2
], WHWEFETE 2.50% AN, RFZHEKEE RIFH
BERRENE, R HREARK TR TS Sl
FEEE, PR E S T NP 7 R B B AR TR K o
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Fig.8 Ethanol content of each strain after subculture

27 R REARK A R AN LB

WK, AN R R B TR P AR &
11.63 g/L, HE S RN 38.87 g/L. 1% 1.4.1 IR
M, KSR ST IR TEERE Ad2-338 TEIMATKF T R
BBk 60 h J5, LREEEN 19.88 g/L, & JEHE
BAE S8 9.06 g/L, HHORKERNE S = 1.79 g/L,
HIERERFE SN 727 /L, AR N 84.61%,
HEIHEF 2R 81.05%, ML 0.40 g L BE/g Bl
EH I E B 12 RAR B R — MR B B AN R A RS
e CRE I RERR o

ARTP A8 R — i BT AT IEE R B M7,
53 E A4S 3] Wickerhamomyces anomalus A42 134T
ARTP AL 120's, BN BIERIEE] 97.53%, 1
HOLR T BA — S EAAEIEE, RIFEE M
B, H AR BECEARREMIE S T 42.59%, 183
20.78 g/L, HALM 8 k&M Ol B NEAR T
2.5%. it Wickerhamomyces anomalus A42-338 XIiH
AHFFEANERIOR I R, A IR H AR R AR
PRS JORKEE ™ i, R THAR 7 St (R B A SR
R, JGEEMTFE A B Wickerhamomyces anomalus
A42-338 AT RIS SR AL, LS A
FFFEHIR %

A AR
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