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B OE: (0] 3AAAREI—HEZNNRFTEMALY, HEHFI —HEB 5~ 3-
AAABOEKR. [FF] ANELEREEFTAFSFINOAHRAEFTLE RIS FE.
[4£R]) 33T —AEBH A ABRLEE T -RARROET Y-11, BAFANLT A
18S rDNA 7 7| 5-#7 # 2 4 Candida sp. (48 #). vA Y-11 A B & HAk, 28 9-T A
HIR-OCoy A5 K42 T R T MRAEE B THAE 0 & 5 B4 5-13B, L 3-BA AR~
24 11.78 g/L, 2B K EHRE 246 12, (48] sTE R HHhA R TR R BT T
iR, REAVR LMY -BARRZE. SHRDARBRGFIE, T 3-BEARROR
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Abstract: [Objective] 3-HP is an important bio-based platform compound. We wanted to iso-
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late a strain which can produce 3-HP. [Methods] We isolated samples of soil(17) and feces(10)
and did physiological-biochemical identification and 18S rDNA sequence analysis with
Y-11 .Then we used UV-NTG-**Coy to generate mutations. [Results] A yeast Y-11 which can
use propionic acid to produce 3-HP was screened by us. It was identified as Candida sp.. We
used UV-NTG-*°Coy to generate mutations in Y-11 and got a genetic stability mutant, desig-

nated as 5-13B. The mutant 5-13B showed the productivity of 3-hydroxypropionic acid is
11.78 g/L, 2.46 times as that of the primitive strain(Y-11). [Conclusion] The fermentation
characters of primitive strain and mutant strain were compared. The results showed that the
consumption rate of propionic acid, accumulation of 3-hydroxypropionic acid and tolerance of
propionic acid of mutant strain are better than primitive strain.

Keywords: Candida sp., 3-Hydroxypropionic acid, Mutagenesis, Fermentation characters

3-¥2 FL TN 2 (3-Hydroxypropionic acid, X Fx
B-Hydroxypropionic acid, %55 & 3-HP, 7>+
CsHsO3, CAS = 503-66-2, pK 4.51, 4> T 90, %
JE 1.08)& =ik . TTFYEADER, S3LRE MIH 57
SRAEN, 3-BIET IR B A IR I A BE
W, AR 22T M R A RTRS Kl L
ENIGIR, AAAE N R, A 1,3-I5
TR, BAARE TR, R E AT
577 i o 2004 438 E BRI FCKE LS A S At A
12 Fife L 1 e T 2z —,

B, 3-BREENmR A kR A s,
FEEAARAENHIRIES B-EIE ek, |
TERA 5| ATHREATA AR KR IXERE, H ™ 5
Dy oy R, A AR, A R EAR
SR, A K EEA T 3-FRHENER AT LA
AR R X SR R AR A 3-
FILNIRIWAFF IR T 20 tHeg 60 4548, H—EAb
TR M B, F R E R T AR i AN T
R B . BRI T RREA T 3-FR LN A P 2%
AR LA AR R A L A
WAk . Horh, Jbat TR KA T XU AR
TR R T AT (K. pneumonia)Fh#6ik%k H
PRIPG e BE ) LB B A (ALDH), 158 T —FkRER
PR IR 7 3-F LN R 1,3- I B2
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HAH R, H 3RFEAIRI N 5.0 g/L. BRI
AR 3-FREE MR AE bk £ A Han-
senula miso!® . Fusarium merismoides” . Candida
rugosal® . Byssochlamys sp.®! . Rhodococcus
erythropolis LG12"Mf]1 Klebsiella terrigena™, H:
b, ZEUKRNE AR I 1 SR FREE i e AR A
- R BTN IR M TR W bR A s R IR
(Klebsiella terrigena) MYAT LA LATH {1 A ik — B 5 4=
77 3-FHEINIR, FRIRAESI N 1% (10 g/L), WK
DB A BRI B A AR B 3- PR BRI

HHET, EHNIMIFSER 353N IR A = kL
SRR TR, WA A AR 3R
PR B AR D o AR S DA e 15 2 A I BE R R
R, AT B A FR e mAR 1Y & 7 e
PR, Hom s U W T H AT HGE, e & %
e pe 3-SR T AL HBE T A

1 MEEHE

1.1 FE#

A, R AW =T, 174y, ANZEZEME, 104,
S-FILNIR, B B (L)L oA R A,
1.2 EFEREFEH

P3G 3E(g/L): #i%HE 20, ZEHR 20, T
RHRH 10, ZiEH 20,
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Kk WERE 9% BE (/L) A5 % BE 30.00, BEHBEE
10.00, (NH,),SO; 10.00, KH,PO, 5.00, K,HPO,
2.00, MgS0O,7H,0 1.00, FeSO,7H,0 0.03, HiiR

10.00, TES 5 mLM™! 375 pH £ 6.0,

Bl S (. e a8 e 0 i w7/
0.4%—2.0% Nz »

Fh 1535 WM Candida spZFh 3| Rh 754
Fegkrh [al%ECHER 220 r/imin., 30 °C ¥53% 20 h,,
KRG IR WK Fh L %R i A & Bk 37 4
, [lE R PR 220 r/min, 30 °C K535 96 h,
1.3 &

1.3.1 3-BERBREFERTFIE: /5B
R IR T IO AR KD, 12 h JFH 0.2 mL &
WIRAT S 0.4% N R Y I vEXE 7 2, 30 °C #5357
48 h, PREBCARTE B Al WA A 1% N R T
WG FRAL, KRB TR A T 597 5, 20 h
SRR R BERE SR 3L, 30 °C 1595 48 h,

132 E&FTHEEIIEEE: WS 8 mL
BTHA 9 cm MEEFRIA, AEw e T H
15 W 2847 RS 20, 40, 60, 80, 100, 120,
A SN AR BRI A LT JE 1 048
T —E B BB W (10™ AN/mL), fdip il AT
WA 0.5 mg/mL, FEMEE ARG BT 30 °C fH iR
¥, YERIREI43%14 10, 20, 30, 40, 50, 60 min,

750, 1000, 1250, 1500 Gy & 1FdEf R IR,
FEEERRES, HWORIRIVE R Y TR 200 pl B A Fl
FHiFERE 30 °C K53 48 h,

1.33 BIEEENE: BULR=1-F25 K ETE
BUARZF LK HVRE)*100%; 1ERABHR=TE5
ERAU 5B iR BB < 100%

1.3.4 #FFEMETE: ¥ 1.3.2 B3R SR
MR o 2% T e SR I, 30 °C 1557 48 h,
W45 B B I8 A T R S IE o

135 E#HEIEE: @5 PWERRES, &

PR AR SR, WARE KETEIEA . AAfb%
ES M (R AR S % ) M, FeRE
W 0 51 % (Primer 1: 5-GCCTGAGAAACGGC
TACCAC-3'; Primer 2: 5-GGCAGGGACGTAA
TCAACGC-3)i#17 18S rDNAPCR 41, #5455
HIFHITE NCBI i1 7)37 51 L Xt

136 3-HERE/WEBANSAZE: RS
SO (i, (a3 kE: Ecosile C18 #£(250 mmx
4.6 mm, 5 um); VishAH: 3% M EE, F HePO, 34 pH
5 2.0; KA LAMEIEE 210 nm, i 35 °C,
i 0.8 mL/ min, #FFEE 20 ul,

2 G50

21 3-RERER"YEREHFH LS

IR 1.3 T, N 27 A AE S R a2
187 tREBR, Eiif5s] 124 (Y1-Y124)Fk. J3%t
X 124 BRI T R EEER SR, HohA 23 BRIAPKRE
DASTR AR = 3-8 NR, P w1 8 i
AR Y-4. Y-11. Y-12. Y-26. Y-49. Y-76.
Y-118 il Y-121; 3-FIENER =500k 2.54
478, 3.10, 2.67, 4.09., 3.33., 3.94 1 3.04 g/L.
S SR FH P AR R Y Y-11 O S R R

it R R, ABFRELL 3-FR N
FRERUE S X IE, X Y-11 KESRET T LC-MS
FEMIRAT . R E(E 1) kKBRS 3-RAEEA
PR bR U S RETE WA [R], 32 S Oy 1 B 7 [, A
MIF] 3-F2BEPNFRARE miz 89 L) Iz 3-FRJEPNR 2C
1 SC R 2L i = A= 1y m/z 59, i —2E i E Y-11
REfS & A 3-SR
22 WMERE

mE 2 fis, B g, Y-11 7RIS A
ERMRIEDR, A, AR LA R,
ERFEHZEAAG, REAREY, DA,
Sk . [FAAB IR S (R D)W Y-11 Al [ A
FHATZRE . TERE . Hm . 22200, RaliE. 2Lk,
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1 3-BEFEBFFA)F Y-11 XB%(B)H LC-MS EiZ
Fig.1 LC-MS of 3-HP standard substance (A) and Y-11 fermentation broth (B)

B2 Y-11 BiEE(16x40) B E K HE %75 (640x)
Fig. 2 Form of Y-11 under a microscope and giant colony (640x)

PRI 5x &

Note: The figures amplification factor was 5 times.

D-H B WEFIANE, ANRER 1L T PETE M FITN R
LRI SCE R Y-11 T[RRI ks . 2
FSERER, ANnl R EASFRER AR K o M A 5K
BRI Y-11 AR TR AIHE, ANRERTERENE 22 2F
WL FLBEAEZLBE

18S rDNA % E 437 /R, Y-11 1Y 18S rDNA
51 (GenBank % 55 JQ231234)3: 1 277 bp, 5
Candida rugosa ATCC 10571 #H{bIPEIA5 99%, £
G (TR RIE 5 5 T K ILF51 5307 Lt
X 45 R, Y-11 B 5E 0 Candida sp. (IR Z2EER:E) .
23 EEFT

WA S T &

RCUR AT [ AP AR IR I3
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FIER, Qi 3 (Xl I 1-6 43H1FR UV B STAT
i) 20, 40, 60. 80. 100, 120 s; NTG 1 ]
10. 20, 30. 40. 50. 60 min; ®°Coy ## &5 250
500, 750, 1000, 1250, 1500 Gy)ffi/r, EIEHR
i A FH R[] G ) ) A R T84 i . DO [R5 AR e
(] G ) ) P-4 BE ML P E 30 > e AL 7,
Rl 3-SR 1, MR IERARR,, ERAER
B9 15 W 224 IS 80 s,
0.5 g/L BT A 7E ] 30 min, ©Coy 7 B85
1 000 Gy, HH, E4MELIIER 30 B, 748
Pk 8-5 (MG 80 s)/™ it ey M 5.26 g/L; A
WIGAASBREE R 30 #krr, 28484k 3-8 (1 FH 30 min)
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T1 EEENEE

Table 1 Physiological-biochemical identification

i H 453
Item Result Item Result
Carbon source Nitrogen source
HAE A N
Glucose Ethylamine
Hil || adas
Glycerol Ammonium ++
sulfate
i e | R N
Sucrose Sodium nitrate
A2 3 .| TR .
Maltose Sodium nitrite
L W | BE .
Lactose Urea
AL , | R
Galactose Carbohyd_rate
fermentation
D-HBhi o | et R
D-mannitol Glucose
Awh o | _
Wood sugar Sucrose
AV TE R AW 5
Soluble starch Maltose
[]i% N U N
Propanoic acid Lactose
3L N
Galactose

TR+ KR+ AR BT R EE (+): AR,
— R RIS ERE.

Note: ++: Well; +: Common; (+): Bad; —: Not growth.

100
80
60

40

Lethality (%)

20

[y*]
S
Positive mutation rate (%)

0

1 2 3 4 5 6
Different levels of mutation methods

B3 ARKEFLEHENBAERRERTE

Fig. 3 Lethality and positive mutation rate

e BN m) RS ENT o)/ 60(A)BBERNL; 4N o)/ AH
FEMR(0)/%h 60(A)IE R R Lk,

Note: Lethality of UV m/ NTG e/ ®*Coy A; Positive mutation
rate of UV o/NTG o/*Coy A.

%2 UV-NTG-60Coy iFT 3Tk

Table2 UV-NTG-60Coy mutagenesis mutants

whas  smEEm G ERF
Strain number 3-HP (g/L) Times Irgfere(ii‘;
Initial strain 4.78 1.00 0

1-1A 8.71 1.82 82
1-11A 9.18 1.92 92
5-4A 9.35 1.96 96
6-11A 9.99 2.09 109
2-71B 10.13 212 112
5-1A 10.72 2.24 124
5-10B 10.84 2.27 127
5-13B 11.78 2.46 146
6-3A 12.40 2.59 159

PR N 7.67 glL; *Coy ARk R 30 B,
ALk 2-2 (1 000 Gy)~H s i 6.21 g/l 45
WoR, 3-FRFLINIR ™ f 4 o MR R R I S8 A kA
HIIE AR SR, FE A5
Pk FH 15 W RAMNRGT 80 s Ji, AUk
4 0.5 g/L W ABFEATAE A 30 min, 2 J5 FH 1000 Gy
[y °Coy $@IE . AR, 30 °C K5 48 h,

ERXT Candida sp. A=K A IIHIVER, BF
SRR FH AN TRV BE i N R e LA 715 94k, LA
2 T IR AT 37 # Candida sp.i& k),
FHE 1% 2% N BR BRAR: TR B ROV 7 T
RE Yk, BRI R A BRI A2 0t &
WPk . A5 70 I 9 A8 R ik 1A 740 i R 42 1
135 132 BRIEAERR, XX SRR T & BESR UEAS
SN E E 9 MRESARKRANER 2 PR, Rtk
5-13B (2.46 %) . 6-3A (2.59 17%)/= - $ e A ko
M AR AT REAFAE N G 2, = A
Y 6-3A. 5-13B PARREE AT 10 IRAZASE 5,
ghEIR N 3 FioR, 5-13B HA R s et
PR, 5SS B FRAT T8 FH ™ A X e EL AR 1
R 9751k 5-13B.
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R3 RERBNEEREM

Table 3 Genetic stability of mutagenesis mutants

18K 3R ALNIR " B

Generation Production of 3-HP (g/L)
number 5-13B 6-3A
1 11.78 12.40

2 11.47 11.57

3 11.29 11.47

4 11.35 11.21

5 11.41 11.15

6 11.27 11.07

7 11.58 10.91

8 11.25 10.77

9 11.57 10.64

10 11.29 10.60

24 HAEMSERTHE -BERBRTER
AR LR LA

PR R Y-11 5 o 4e bk 5-13B 4T
VAN N IR0 K, S5RE 4 R, Y-11 &
TEE 4 K 3-FR LN - DL 4fa TRE (4.83 g/L)
NIRIL AR R 24.7%, 17 5-13B 1Y 3-FEIENR™
NG, 45 Kik# R K(E(1L.78 g/L), TN
PRI 64.8%, 78Rk 5-13B HATH i
P AR

100 + - : : : :
°. ;Z]']z
I /7 o

e}
(=)

Transformation efficiency
of sodium propionate (%)
&
S 3
\
Y
3-HP (g/L)

N
A
\
\

o

1 2 3 4 5 6 7
Fermentation time (d)

4 3-RERBRFERABRELE

Fig. 4 3-HP production and propionic acid consumption

TE: R HR ()R 5-13B(0) IR ITHAE %, Hh A Tk (m)

1 5-13B(e) [ 3-HP F=1z.

Note: Substrate consumption rate of wild strain (o) and 5-13B

(0); 3-HP of wild strain (m) and 5-13B (e).
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25 HAEHSRTHAESEMIN 3-57
ERERBIPERR LLEL

BRI R SR A 9% 72 h J5, B,
FH 0.2 mol/L BERERZZ whiR BRI TR A 2 IR 5545
T 1% 3-RILNIRIVBEIRERZE rivgi b, [B15%
XFEIK 220 r/min., 30 °C #55% ., FEICHMERRIEAE
TS, BRI, 8.12 glL i) 3-F2%%
IR, B 12 h BURER I R AR v B 2 3-F2 FE N IR Y
B, SRR 5)FH: 3-FR I R B AR A
FYifs A B IEw . M R R Y-11, %
A5k 5-13B 1Y 3-FR LRI ARF I W REAL, HA
RAFH) 3-FEE R IR AR B ERE
2.6 HAEKSRTHRIIRERTTZ 14 L

Candida sp. REWELATNER MEEY A REA = 3-
BRI, TN RS — PR A PR, XRUE
AR EEEA I RIVE, PR R A T A2 1 2 4 T
MY CHE . R TR 52828 Bk 5-13B X AN [R] Mk BE
M i sz & 6 Fin . s A KAsue Wik N
PR VAR P S I T J, e VAR FE T R BEL A 1 TR IE
WRERARE . RBSIMNIRA RO T 4K R4,

10 : : : 7 100

8 80 =
56- 60 5
@) <
a <
= 4t 40 5
T A
on

2 20

0 0

Fermentation time (h)

E5 FRRAEXT 3-HP BIPERE

Fig. 5 Degradation of 3-HP by resting cells

1 ¥4 H (o) 5-13B (m)f) 3-BR IR, BPAE B (o)
5-13B(e) Y 4HHI T-5; A/5-13B(A).

Note: 3-HP of wild cell (o) and 5-13B (m); Dry cell whight of
wild cell (o) and 5-13B (e); 3-HP degradation rate of wild cell
(A)and 5-13B (A).
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Dry cell weight (g/L)
e
RN
AVl
(I
g

8 ‘/v/*%i// —%
/%éég/*/*/ﬁ
4 //v/
N w
0 1 1 1
0 12 24 36 48 60 72 84 96

Fermentation time (h)

6 WERMZ 1%

Fig. 6 Tolerance of propionic acid

I AR RIS F BT 0 g/L ¥4 i (0)/5-13B (m); 10
o/L BYA: T (0)/5-13B (e); 20 g/L HiA:E(<)/5-13B (#); 30
o/L B A= #(V)/5-13B (¥); 40 g/L BF A= i (+¢)/5-13B (%).
Note: Propionic acid concentration 0 g/L wild cell (0)/5-13B
(m), 10 g/L wild cell (0)/5-13B (e), 20 g/L wild cell (<>)/5-13B
(@), 30 g/L wild cell (V)/5-13B (V¥), 40 g/L wild cell
(¥¢)/5-13B ().

WTE 559 24 h #a ThaE W, H b R AR
FRAM 5-13B, TERIMNERAIFE LT, TERFIKR
K HIRT 48 h, RASKRITE 2 A T R Hikk

3 &

AL AR 3- R IR A - B AR
Y-11, A=A L% 52 & 18S rDNA 731504, &
Hol Candida sp. @z BEbEE . it 2 515747,
1RB|AS R 5-13B, iR 2.46 1, HRAE
REGE AL o RN, X 75728 Fi i TR bR 1 & TR
HEAT TR L, FHXTIR R HRR Y-11, 58748 K 5-13B
ML AE T 7= 3-FR3EINIR, TNIREILF A, 3-
BRI IR IR RAR, TR v e (R N TR LA
R AP 220

fEHRIFE 3-FR BN A Tk, K2
BRI TR 75 ASMESE N, 7= A
fiko ABEFE LRGSR N IR 5™ 3- 72 3 75 IR 1Y
Candida sp. A & Tk, BEIHEZIE SRk,
S H AT SCRRFR T 1) 7= 5 fe e PO BEF AR TR . (FZ T b

R 3-FRFE IR AL v R I, A FF
Filb—2 IS, Fik, MRHERE it
Candida sp. & [/ 3-F 5N I = b 2 ~—4
WFFE Y A o

2 % 3
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