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B — AR B A A TR AR R 9 B A AR ZM-1, 48 A A LAFAER 26S DNA

D1/D2 R /5 3 5347 340 % 2 52 A IR 41 B & H (Rhodotorula muczlagznosa) Bk ZM-1 45 vA 3 H

HoE—E, RRAR, STEHBORSHZIRES S0g/L. EEHBBSIKEH 1 g/L 4 LA
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Isolation and Identification of a Glyphosate-resistant
Yeasty Strain (ZM-1) and Its Optimal Growth and
Degradation Traits
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Abstract: Using glyphosate as the sole selective pressure, a yeast strain ZM-1 was isolated by enrich-
ment-domestication culture technique from cultivated soils in the suburb around Fuzhou, PR China. The
strain was identified as Rhodotorula mucilaginosa based on its physiological, biochemical and 26S rDNA
D1/D2 domain sequences analysis. Strain ZM-1 grew with glyphosate as sole carbon and nitrogen source.
The maximum glyphosate tolerant concentration for ZM-1 was 50 g/L. Strain ZM-1 was cultivated for 7 d
under the conditions that glyphosate concentration 1 g/L, temperature 30°C, and rotation speed 150 r/min
with 85.38% glyphosate-degraded rate. With the basal salts medium, the optimal conditions for growth
and glyphosate-degraded rate for the strain were as follow: initial glyphosate concentration 1 g/L, inocu-
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lating dose 4% (V/V), temperature 30°C, pH value 5.5-6.0 and medium contents 50 mL/250 mL, respec-

tively. Strain ZM-1 could play an important role in bioremediation of glyphosate-contaminated environ-

ment, and may be a potential resource in the study of glyphosate-resistant GMO plant.
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B H ¥ (Glyphosate, &% GPA)JE N W AfE S 1)
TR A EBRRER], fb2= 2400 N-JBER Y - T 2R,
B4 “Rik”, H 1974 78 € FEEMIC LR, &
A ETEIAR 100 2N, Oy A B
UK ER AR A, REH 20 tH4E 80 AFUTTFLA
AR, FENH T A Ee=RCR R
b)) R 22 BR, AR T B G F 5 K
ZE TR KB AR AT, H AT C B 4k 56
F 25 HFES 2 KA R O B 5 B R hi e
TR K e, 4 BROREH B i £ P T AR e DL g
4 20% Y S EE I 1Y, R BAT MR A AR 24 7
dnty

AR BER A AR L. &R %, I
BB . Dy B AR A, B DT T R R AR 2R AN
PRI S M A AR A, JE R XK A A2 R L
A B EGRTEFAERT, A SCRRE, RO
— Bt 0T R, AR AR B T A M A S
EWOR B SR, REMAKRSWIELE, K
g W P B K BB A R LR B
W, A DGR B IS R0 0 R B O, N A R R
ULAR R AE F AT DG M FA A D) B e -+ 3
Fo R i AR R AR S LR A%, Moore &% 43 |
Pseudomonas aeruginosa PG2982, JFUf T HRR 40 #
Rt st H B AR 9T 1), 20 tHhad 80 AR IR, E P94
Ok BT B B W B A AT T IR A
WEoE U8, i 43 8 S A ik R S T A R PR
w B P EES WAEEY . AT s
S, K SE A T 22 BORE LA H B D o — B UR AR G, (H
ANBE AR H B ME— B PR PR R P, R
PR LR Y TR R R A e e

AR ] Z2 R Wk b e 7 vk, IBEE L3k
538 B Z Bk BB 52 5 H R B2 I8 40 o/L A A= W
PR, LA RERETE ZM-1 R A e e T A2 VR B R
50 g/L. ZERTE ST H BERIA R 1 g/L BTEALER
Fiarkrh, R 7 d 0 HCH PR IR R K 85.38%.
AT S 2 5 T E IR T ZM-1 1944
PRI AR R, DRI T R I T RS G

A= W16 S AR B R B DR B AR

1 5
1.1 #8

1.1.1 HIEFES: 2007 4F 9 H, MR ML
P I, KA. SRR . B H AL R 4
TR

1.1.2 FEHREMEE: SHBE: 4iF 98%, il
R AT, HEE: fAigal, fEE Merck AH; 98%
FOH B R HARE 98% TR K, RIS
KRS AR A HAFIE S AR 5UAEY)
WA H LSRR % AL (H 3r): BoA L-2400 %
MK R, L-2130 BESI%,; @i%tE: Apollo-C18
(250 x 4.6 mm, i.d., 5 um),

1.1.3  1EFE: HENFE(/L): WA 10, 4K
5, H M 10, NaCl 5, pH 7.0;

B R O R (gL): KHPO,3H,0 0.5,
K,HPO,-3H,0 1.5, MgSO47H,0 0.5, CaCl, 0.04,
NaCl 0.5, pH 7.0;

FERHER R IR B (g/L): MgS0,4-7H,0 0.5, KC1 0.5,
FeSO,-7H,0 0.01, pH 7.0;

ME— B VR R IR I (g/L): FERE L B 37 3 v 8 fin
HBE 0.05. K,HPO,3H,0 1.31, NaNOs 3.0;

ME—Bk . AURIE IR (g/L): FERIER B SRR PR
InEEH B 0.05. K,HPO,3H,0 1.31;

ME—B . BEURBE IR (g/L): FERIER B FE R b R
JnEH B 0.05, NaNO; 3.0;

ME—fk . (. BEIRKGE SRR (g/L): Al Eh 3% 7
s ImE B 0.05,

ARG SRR G, AR NS = 4
0.45 pm fCFLUE R 08 Y RV VR &5 o [ AR B 7
FEBEIRIN 1.8%.

1.2 EHRYILIFiE

FRECA-SERE i 10.0 g THROH B 10 g/L 19
EAER SRS, 28°C, 180 r/min TR%HEFE 7 d; 25
Fie S%m R A B B R 20 /L ME 4
Higedbrp, [RlRE SRR 37, MRS I 42 th e 1
I b RO R EE 23 ik E) 30, 40, 50 g/L AT
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FRREFR o BUR G — R RS 35 10 TR VRS 6 B Je Tk A T
BRI, 30°C fHIREE IR, BRBUCHA R R
BRI L, Mt —A5
1.3 EHEE
1.3.1 FAERIBUE: BE LIS ES R
SCHR[12].
1.3.2 26S rDNA D1/D2 XIS EE R 18: #MH
SCHR [ 13109 J7 ¥ 38 HUWE 15 18 2% [ 240 DNA, AR 8
26S rDNA D1/D2 X J¥ 51| 3 A [R5 7 51, et — X
G LA T AR, HA e 514 26s-F:
5'-GCATATCAATAAGCGGAGGAAAAG-3', J2 [f]
1% 26s-R: 5-GGTCCTTGTTTCAAGACGG-3' .
PCR S Wi 1A% }: 10 x PCR buffer 5 uL. dNTP 4 uL .
PCR 5I#4 1 uL. Taq § 1.25 U, DNA FifR
2-5 uL (600-1500 ng), HIKFMZE/KZ 50 uL, PCR
RS54 K: 95°C 5 min; 95°C 30 s, 55°C 30 s, 72°C
1 min, fH¥ 30 ¥X; 72°C 10 min, PCR " ¥ =¥) M
1% B AR HBE S LUK H#EA TR . 26S rDNA D1/D2 X
B PP 4T EEA: T2 A58 . P 45 2R 5 GenBank
T ST R . SR MAGE 4.0 X443
Neighbor-joining HEHEFELH, B2 ZHFE (Boots-
trap)UE J 1000 NEE, HITRGELE 5101
1.4 HEHRBYEKFPERRIF AR

A B H A 7R R IR ZM-1, kY
Kig% 15 h (ODgo = 1.0), E5CUCEE R4 F A 2R
TRUE GG VE N B S 00 M TR - BRAEFR B, R
ff e s R B EE 1 /L, R RN 5%, SR
ZAEH4 30°C, 150 t/min $ERIR 1% 7 d, HPLC
R, SEEGE 3 AN EA L X AL A A R o R 28T
TRV KGR, FEAHR S0 T 98, kA K
KB DD . 105°C HET RiEE, &Rk
TE VL . TE AW TR AR A A R B R A 1) 5
SCEh, R B R APRIE 0%, 2%, 4%. 6%. 8%.
10%3E 6 7K, DL G I FH el v v 4 A 4
TRVt I i %) 5 i 5 7 e T A R X T AR 2R R
T A AR S ) 5 e S v, A LA R 4 R L
HBEHeE 05, 1, 2, 3, 4, 5 g/L 3t 6 1K, LU
5 TR VAT v e B B R S T 2 L pHL
HTH AN o= G L L 2 Y L D N % NG o S A
I JRl e St 1% 5 i) S 0 2 B SCHR[ 14134647 o
1.5 EHBRIREMNE

B H R W 10 mL, 4000 r/min 550>
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10 min, [IRGE YFBE, A HPLC Wl . @
J5 2R PR AR R AT A A S RO i
TR AR FiR WAl K(E 0.1%BER):
FEE = 98:2; Hiid: 1.0 mL/min; #EREHEE: 10 pL; &
MK 240 nm; BFE] 10 min, £ 85 BHE] £ = 4.39 min
Ao

Rl SR 0T ¥ B2 (%) = (1-C1/Co)
100, Cy: WAt v b B H IR 5 FE VR B2, Co: X AL 3
BB PR R
1.6 HiEE

SCHG AR A EE, B Excel 2003 F1 DPS (V6.85)4%
AT AR B, R Duncan k64T 2240 #7 o

2 GR50W

2.1 HHREID B RERERNE

T3 AR 5 I B R DR AR 1 - SR i rh
FIEEGRS N MI-3, YS-2. ZM-)S54E 5N
JH-3. EW-1)5 #%, M2 05 H Bk 40 g/L. 4%
S R 3 50 g/L, 28°C . 150 r/min 1% 55
5.d JEWER, RIMEEFE T DR ZM-1 WA,
LEH ZM-1 B R H 6 e i i 32 VR B R 50 g/L.
1 R, R R . AL BRI EEH R
WP 1 g/L pyEEAEE FR 3L, 28°C 180 r/min #R %
Kige 5 d, 5 BRI ES RO H i B AR 25 AR TR,
Rof it R I e PO TR AR S ZM-1 AR (3R 1) BEIUZ BR BR
e — 25 15

F1 RS EEENEHBENIERE

Table 1 Glyphosate-degraded rate (x + s) by various
isolated strains

k7S Wk figp 3
Strains Degradation rate (%)
JH-3 5.6 +0.4
YS-2 17.8+£2.1
EW-1 22714
MIJ-3 12.1+2.3
ZM-1 35.5+3.3

22 EHkZM-1 HEE

221 BWHMESSEEERSFE: WA 1 PR,
PR ZM-1 763 A4 A P Al s R 5 b, 28°C H5 5%
7 d, WRIESAHEIE, iR, WkEaEE, Rl
S, R, NG, BFRMEET, ek
WEIE SR, K/NHR(2.6-4.0) um x (3.4-6.0) um,
B— R A EEHES B N . R
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AFH . RERI R EINE . RERE . 22 RN O E— R iR AR
K, (BEARELAZLNE . V€M . D-H el . 48 0.
D- LB IR . AR A ME— B A K . A RERME
fiffRE: . JRE ME—AIEAEK . 7E5 5% NaCl £
WP ARKRI ., ®EAEK pH 7.0, b BRI
& 30°C.,

2.2.2 26S rDNA D1/D2 X F 5 E: PCR ¥ 1
PR UK TSR IE 2 s, Y . PSRRI E
B 613 bp JF 41, %757 GenBank H1 1% 5
5o GU247752,

223 EHTF 26SrDNA D1/D2 XFFIH R Z KR B R
F 1531 26S rDNA D1/D2 [X 35§ )7 513 1+ BLAST &

¥ 5%y 50 i e 50 AT DR L X . SR
MEGA 4.1b #4194 A9 Kimura two-parameter £ [
BEAIH Neighbor-joining ¥EH4 £ R 58 K F (5] 3).
REHMGERE R, /B WK ZM-1 L T
Rhodotorula(J&) 5332 I, ZRIVEHE LR R M E S
Rhodotorula mucilaginosa [RIVRVER S, 5 100%.
Kurtzman 55U 05T W, IR TR0 P9 AS [v) B A (0]
D1/D2 X751 22 5 — M AE 1% LA, [R] 5 7
99% LA b3t AT LATA by S [ —AN b o PRk, T DA 2 7
¥k ZM-1 R IR BEH:(Rhodotorula mucilaginosa) i) —
DR, 456 WARIE SR A LR E, %08 PR
ZM-1 R EE B (Rhodotorula mucilaginosa) .

10 um

Bl EBESEZIM-1RFSHE
Fig. 1 Morphological characters of ZM-1 strain
A ZM-1 FE 22 YA (x1000); B: ZM-1 HIEEZ; C: ZM-1 B E B8 T KIE S (x 10000).
Note: A: Methylene blue trihydrate dyeing of ZM-1 strain (x 1000); B: Colonies of ZM-1 strain; C: Morphological character of strain ZM-1

under transmission electron microscope (x 10000).

1 M bp

1000
750

500

2 26S rDNA D1/D2 XiFi#Y) PCR # 1& =4 Bk &
Fig. 2 Agarose gel electrophoresis of PCR-amplified
26S rDNA D1/D2 domain sequences

Note: 1: PCR-amplified D1/D2 domain of ZM-1; M: DNA marker,
DL2000.

2.3 Bk ZM-1 B9

FELLFCH 0.5 g/L)h FEEFRMHET T, %
il R e —fk . AL, BEUE, 28°C. 180 r/min %
3% 3 d, VISPHR 75 80(CFU/ML) N % 8448 bR, %%

TR BRI 8 R 0 B AR R (R 2)
ZM-1 BELAREH BN fE—RR . A IRA I, HRLIRH B
D E— IR AR R . FEBRZ AN BRSO
. KB R B T

R2 IM-1 EUEHBATEEFRERPHIEKFR

Table 2 Growth exhibition for strain ZM-1 based on
glyphosate as the main nutrient substrate

R SIS T 7% $0U/mL BE + brifEz
Kinds of media CFU/mL (x 10%) xts
A 6.1 3.1 4.8 4.7+ 1.2¢c
B 783 652 588  674.3+889a
C 454 543 561  519.3+51.2b
D 5.1 3.3 23 3.6+ 1.3¢c

AL B, C. D 2r5lE e 5Ll 7 5 B H 0.5 g/L), i
ZoRME—RR . AL BRI BRUE; Bk, FUECRIR . BRI, R 1
2K AR R 1R P <0.05 K LA EEER.

Note: Based on the basal salt medium, A, B, C, D refer to use gly-
phosate (0.5 g/L)as the sole source of: carbon, nitrogen, phosphorus;
carbon; carbon, nitrogen and carbon, phosphorus; respectively.
Values within the the last column with different letters.
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85 Rhodotorula kratochvilovae strain CRUB 121 (AY158649)
80 Rhodotorula sp. KB 651 (AF444733)

85 Rhodosporidiumtoruloides strain SDY 231 (AY731805.2)

Rhodotorula mucilaginosa sp. ZM-1 (GU247752)

100
84 4{ Rhodotorula mucilaginosa strain SQ (EU177578)

Rhodotorula mucilaginosa strain TJY11b (EU285542)
95 Rhodotorula colostri strain strain 1180 (DQ513282)
_|: Sporobolomyces odoratus strain IGC 5696 (AF387126)
100 Sporobolomyces blumeae (AB279628)
L Sporobolomyces roseus strain CBS 2840 (AY070015)

0.02

Rhodotorula sp. YS 75 (AM397865)

3 LUE# ZM-1 26S rDNA D1/D2 551 A E Ak R 4% 4 B i
Fig. 3 hylogenic tree based on 613 bp frament of 26S rDNA D1/D2 sequences of strain ZM-1

Note: Numbers at each branch points indicate the percentage supported by bootstrap based on 1000 resampled data sets. After each yeasty
name, the GenBank accession numbers are showed in parentheses. Bar 0.02 represents sequence divergence.

2.4 Btk ZM-1 B9 CFNBERRAS T

241 FHEBNEMERMEBENTIN: FEEA
0 B Jile 2 B L T AR R v, DR M Ry o —
A BRI, B R HBERRREE 1 /L, MEIT
3 M A AR A X R e A R R T B R A R e &5

T, MA AR 0 A 4%EF, EEE ZM-1
ORESE7/B i T oA A € < R P =
JHTE 4%BTIR BB RAH, P 88.67%. %M
W EE T 4%)5, BERE ZM-1 B4 Wy i Ak s B E T,
L A 8 A SR ) S TR R A8 R R T i R R R
AR RSB 4), WL, FEZABE R AR ZM-1 AR
IV Il ) A fie ol 2 AR I B MR R R P 2 i
55 SCHR 1710 4GB A A

180 100

160
140
120

Dry biomass (g/100 L)
Degradation rate (%)

—— Dry biomass
—&— Degradation rate

1 1 1 1 O
0 2 4 6 8 10

Glucose (%)

4 BEENEAEKIERESZN
Fig. 4 Effects of glucose on the growth and degradation rate
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242 EHBREMEREKMEBRENEME: 7+
AN T 0 e B BT I 0 T, TR R AE i S R R
SEAR A A AR A R (B S) o YR H R B2l 1 g/L
fF, PR T EE R 5300 A 290 mg/L 5 84.73%,
VIR S R AE . 78 AR H B o 32 28 37 () SEal ER 455
FRAEh, RUH R R AR, 25 R R A K T
BLRIRR . AL BRIRAIELZ, IR A A K 5 R
FOH W B L, T AR b T B A A A A B
PEREIR, Gn T 5 R R R 2 o4 &, Ml
THE R R E M, HEESBARAERKIRSE, i
U]

40 7 100

35 1 90

- 1 80
2 170 £
= 25 Q
E} 160 3
© g
2 20 {15 &
e L 5
315 40 g
£ 30 A&

10 —— Dry biomass L 20

5 [ —e— Degradation rate

0 . .
500 1000 2000 3000 4000 5000
Glyphosate concentration (mg/L)

5 EHBIREXEERERMERROZIE
Fig. 5 Effects of glyphosate concentration on the growth
and degradation rate
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243 pH MEHERKFEBENEZM: & HEAK
ZM-1 K pH JEFEIHA 5.0-7.5(& 6). ZM-1 & &
FERRME S5 N AR, X5 250 A A K ) 2K
E—HM., pH = 5.5 B, WHRMYEY &SR KE
340 mg/ L, BFHBEMFEME A 82.9%; pH = 6.0 i,
TERRALE W Ty 240 mg/L, T 5 H IR A I it 3 ik g
KAH 85.1%. TEBRMESAE T (pH > 7.0), BlA KGR
pH B TH T, R 19 A 0k R0 Bl ) A i % S
P TR I, &4 ZM-1 AR AR R
Jike foe A [ i SR 1) pHL JLFBLA 5.5-6.0,

40 1 790
35 1 4 80
s 9 170 ~
VA
S s ./ 190 g
2 150 2
2 20 | 1)
2 2
= 140 =
2 15 =
© 30 &
> . )
A 10| —— Dry biomass 190 R
—o— Degradation rate
st & {10
0 1 1 1 1 1 1 1 1 ¢ Y 3 O
50 55 6.0 65 7.0 7.5 8.0 85 9.0 95 10
pH

6 pH X EKREKFPEFERAF T
Fig. 6 Effects of pH on the growth and degradation rate

244 BEXMEKREKFPEMEIRAEIED: 15X H
PR ZM-1 AR SRR A I 2 8 B bR AR
KA T BE S [ 20°C—40°C, 0] 1 Bk ZM-1 J2 Hh i Y
A IRE > 300C iF, BEE RS, Hikg
Y SRR W TR, JBE 30°C
LN, TR R0 A W o 5 R AR R A B d KAE, o
ik 283 mg/L . 85.63%. £ 40°C 55T, BMEMA:
Y5 R R B2 30°C & 1F T 58.81% A1
29.7% (I 7). BRI, ZM-1 A=K 5 8 it ) i 1L
30°C,

245 BEFEEEVEREKFIEBENEE:
il 250 mL = MR RS B T RFEIARL, A
SRR KRB R A . 25 R SR, R[E)%E
T E O T B rh AR 25 TR AR AR AR Y AR A
NI, 5 2R R R AR L 26 8 50 mL A5 F T, T
PRAE Y SRR 53500 306.7 mg/L 1 87.6%, 4%
SJEAE R 175 mL Y 1.87 F1 4.06 15 (1 8).

2.4.6 EMENEKRERKMEBENTZM: & 9 £
BH, B2 i X A A A et 5 I A A 1) 5 T S S AR

Fo EARFEEF RGN T, WHIRA YR SR RE
A ZEFN . YRR 4%0, B YRS
YR KA, 73910 320 mg/L Fl 85.63%( 9).

40 7 100

35 1 90
;ET 30 180
S 170 &
2 Q
5 259 160 &
% 20 50 8
3 40 S
£ 151 g
3 30 ©
> 10 , s
a —— Dry biomass 20

5F —e— Degradation rate 10

0 1 1 1 0

20 25 30 35 40
Temperature (°C)

7 REMEREKMERERFIG
Fig. 7 Effects of temperature on the growth and degrada-
tion rate

40 1 100
35 1 90
= 1 80
30 <
§ 170 <
Q
%o 25 1 60 <§
E An L T T a+ zn =)
gAY 1L \E\_T/ Vo=
122} <
% 15 F 40 '§D
B 30 o
= 10 F A
) —#— Dry biomass 20
ST —&— Degradation rate 10
0 : 0
50 75 100 125 150 175
Medium contents (mL)

8 BHREREWNEMAEKMEBRENZI
Fig. 8 Effects of medium contents on the growth and deg-
radation rate

40 1 1 100
3t 1%
&) 1 80
E 30 S
= 170 <
= L 2
ED 25 160 &

=

E, 20 | 1 50 %
<
E 15t 140 %
5 &n
B 430 &
g 10 | A
a —#— Dry biomass 120

5r —&— Degradation rate 1 10

0 1 1 1 1 1 0

1 2 3 4 5 6

Inoculum amount (%)

9 BEMENEAREKIERERNIN
Fig. 9 Effects of inoculum amounts on the growth and
degradation rate
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247 HEHEREZGTHEMESHERE: UL
PLEh BERE B AR 5L N L I, W SR LR VR 1 /L,
K& IR E 30°C, pH {H 5.5-6.0, 2k
50 mL/250 mL, 150 r/min #ERIEHHEFH 7 d,
HPLC o X JE 2 42 ok [R) 2 19 0% B AA, 78
MR &M TR IR, 4T T 5 itk ke, B
A, EREM, TERAERM TR, HiRAY
. FEH R RS BIN (3141 £2.2) mg THE/L,
85.4% + 2.6% (5% 3).

R3I IM-1 EREREEFFETHENE SRR

Table 3 Optimal growth and glyphosate-degrading
rate of strain ZM-1

iR/ G e figp 3
Batches Dry biomass (mg/L)  Degradation rate (%)
1 289 85.7
2 311 81.9
3 324 82.7
4 294 87.5
5 351 89.1
xts 314+2.2 85.4+2.6
3w

TE HAR G b, R 2 7 A 301 52 van e e e J
TS R sgerh, AR R E 2 | AR A2 = H IR 1O 1k
APkt AT E R AL S Ik B ik, A
M 8 rh oy B i e B it A2 75 BRI R ik 40 /L
3 PRECH S 2 BRANTA . HIhEERETE ZM-1 YR
JBl 1) d v T A2 R BE N 50 g/ UABABHE e rh R
JBEE R 2 TR o 1) 22 R

AR, 2010 K% 5 Rl e
26S rDNA D1/D2 X ¥4 Hrikwl ) 2 i T e bk
W32 o TR R R SEE [ (26 tDNA) (Y
D1/D2 X8l B 26 A0 70 o B AN IX 23 Tk, T Aol
WANIF TR AR ] D1/D2 IXUF 91 25 55— REPE 1% LA,
PRI E IR 6 99% LA L5 7T LAIA Ay [R]— > el
Bk ZM-1 1 268 rDNA D1/D2 [X J5 51| 5 i £ 1 i 14
Jiit £1. 1% B & (Rhodotorula mucilaginosa) 7] J& — 4~
B, PO EERTE 100%. 456 PR TE 2R AE 3 A fh g
ik, 6 E WK ZM-1 N R 4 B £ &% (Rhodotorula
mucilaginosa) . BELLTEBETE H AR A 12 o34, EN b
A R HTT K I T R A S e W R A, {EL
I 1 T0Hs H T AR 275 G iR B 41E

YE A JIT G 5 1) R T I ik T R T R — R A
WU, HFE R RS B, BRE 9 i E R

http://journals.im.ac.cn/wswxtbcn

A LG A0 TR T A i, O T T R R A R
B LR B S O — BRI BIESE 5 6] o A0 AR
S5 U 23 ) — ok T 1) P Bt e — e UL U A
Kuykihas B21, EIFERIRY RS+, B21 A KA
SR A A AR S B IR R e R o, IRl )
K 97%. KBk R AE05 8 3 Wik AR LR H Y
ME—f . AR M EE HS-04 Fl HS-05, 7EHEA!
BrgRde, 30°C, 150 v/min 51 T 4535 6 d, PitkE
RO JBE R 0.2 g/L 18 5 H TR A4 3 ik 20 331l g 85% 11
91%, MitkELETER BRI 0.4-0.6 g/L BIEK
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RAZAMMEZERAED, LB rEkS, &
B i it A7 Ve B — M FE 10-200 mmol/L(#H 4 F
1.69-33.8 g/L)Z [P, T kk ZM-1 7EFERlER 3 5%
S P RET AZ 1Y B H B B R 50 g/L. X RIPRIE
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X 45 IR BT A% 1 1) 3 0L PR 5, — R R A )
HIgm 2, 52 TAR T Bty LA i 5e
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(1) T 2RISR, MWBRE -5 2 e )
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B2+ 5 (Rhodotorula mucilaginosa).
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1 g/L., BEME 4%, ¥ 30°C, pH {H 5.5-6.0, %k
50 mL/250 mL,
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