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THEL: WEIRRHWT 1 MRS I BRAR M P B N B IR SR, R 3h T RE PR AE T . Atg22 2 —
MBGEA R, e TRIE AR SERIE 5 B WETEFER R L AU . A CHE GO ATG22 J: A1 1
BRI NS R 38 AU T R A AR AL o SRATTREIN 1 LA ToAR L R, WEFER B Atg22 (7
R AL 2L 7 A AR IR AN R WG IR a0 T B RS A RE P PSR T B3R B b, B BE Atg22 B
(FIRIE 52 BB B AE P R3] o 10 HL,  Atg22 Jik DR i P 18 o0 B 6 5 R AL B L A 28 IR AT NH K
EMFRE, XA LA BRI 4H R R LA L A IR b . RIS, fE ATG22 LN R A (14
s 2R 5 a8 R AP R DR A e AP B RAE B ASHIE ST 45 RN T Atg22p TERE TR T BRI 1t 40
PEAET-H AR FE SR AL T AKHE, 1o eeste DMV RIS % R LR IR T 32 e U 4R A3t 1 BT HERs .

SH R

[1] Almeida, B., Ohimeier, S., Almeida, A. J., Madeo, F., Leao, C., Rodrigues, F. and Ludovico, P. (2009). Yeast protein
expression profile during acetic acid-induced apoptosis indicates causal involvement of the TOR pathway. Proteomics 9,
720-732.

[2] Bauer, B. E., Rossington, D., Mollapour, M., Mamnun, Y., Kuchler, K. and Piper, P. W. (2003). Weak organic acid stress
inhibits aromatic amino acid uptake by yeast, causing a strong influence of amino acid auxotrophies on the phenotypes of
membrane transporter mutants. European Journal of Biochemistry 270, 3189-3195.

[3] Carmona-Gutiérez, D., Bauer, M. A., Ring, J., Knauer, H., Eisenberg, T., Biitner, S., Ruckenstuhl, C., Reisenbichler, A.,
Magnes, C., Rechberger, G. N., Birner-Gruenberger, R., Jungwirth, H., Frchlich, K. U., Sinner, F., Kroemer, G. and Madeo,
F. (2011). The propeptide of yeast cathepsin D inhibits programmed necrosis. Cell Death and Disease 2, e161.
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B o AFE L-R R BRI = P R & FE RS & AR 4-
Fedk R AR N AT ST

Rtk A BT IEE NZ KT
REMBRF LD T AFERBIEH ABER BRI RS IARRE; TLRAEDKFIE 0K
%E, R# 300457

T 4-F23E 7R R (4-Hydroxyisoleucine, 4-HIL) H A5 47 B % 2 400 M5t (1O (L 32 g 5 2 2 WA ROV,
PR LK S i LA A IR R e, IS AR AR BRI AR A AR AFShRE IR R, A T2 R
AT oK. H AR A AR IGEA = 1 4-HIL M2 2 5 HARECE, 11N (2S, 3R, 4S)-4-
PR R A IR A ) Y AR SO RE T RIR T 95 = 4 ZF A AT A Bacillus thuringiensis TCCC 11826
) L-S e s IR a1kl (L-isoleucine-4-hydroxylase, IDO)4wFSFE A ido, Wl FF A& FiZIE & 723 MEEF
B, mtd 240 DR EEWR, KA T EFKKRE. ZERTH 50 K% IDO &FH
His®-X-Asp/Glu-Xn-His? %7, J&T Fe? Fl o-fil 8 K AU PR BE e o OISR T ido Rl 3%
LB PR BL-IDO KA Ni-NTA SERUENTE > B2t B4 1DO JE i ML B F e, 45 BRI %R
W R IEAL L-Ssn B AE (2S, 3R, 4S)-4-HIL, H Kn M1 Vi 20504 0.18mmol/L i1 2.10
umol/min/mg, Fid e S A pH 2351 35°CH1 7.0, T+ 35°C 4544 N [ 3 5h 5475 B 85.1% i 1k «
BL-IDO £&1;7%. IPTG 5 S IR RGBS 118 B 261 T REWE s 7 Mt b S e =R 2B R (2S, 3R,
4S)-4-HIL, HAAL 2 d5 AT I8 90.7 %o A ST K I 1 — Bt IDO FwhE: K] /741 (Accession No. KC884243)
HE BN RGO T T RS R, R S AR AN B B A B s e e e 1, TR & i
A4-HIL HEA—ERR RN . AR 4-HIL &S S IERAT AW A i 55 R 28 B St
fitlo
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Acetobacter sp.ZE¥)& Bk 3-HP #4bHL] LB AR 5

T OBER R4 BN
T RFABIAER, A4 214122

EE, 3-¥2FLPIRR(3-hydroxypropionic acid, 3-HP)J& —Ff B A5 & £ b A/ i 2 22 Tk Ak 2 1)
i, BATZ R AT S, (H H AT AR SEI T bR P . ASSZEG S T IR AT DR SRR T Rk
AL 1,3-T5 1 (1,3-PDO) &% 3-HP [ B tk—Acetobacter sp. 1, A8 S /E48 84 1,3-PDO &
AU B K 3-HP I S A R R, @ DI R 77 3R A8 B A i 52 M s Ak, F)
FH 4 [ e fh Ak & 1 3-HP, DU AE W6 i 3-HP S it — Rl 77 ik

Sk Z R UURDIAYILIRAT T RERETN 32 =ik % 1,3-PDO (50 g/L) FIFAREEIE, [FII B A4 i
IS TEAR B T AR . AR R B AR PR B A RTINS, i AR AR 4H S RIS N S Q A
R AT DU AHEG SR T, X IR Tk, ¥ Acetobacter sp.AEH RIS IN T 55.9%.

I [ E G HEARAE 3-HP A& it R, FIH Acetobacter sp fE{E S 80 h &, 3-HP ™
Bk 34.96 g/lL, BEIRFEALE N 86.79%. H.EE A MRIEEEFIH 5 IR a5 T 80%,
1E 4 T 2 T IAF 100 h J5 HAEALEE I RE PR EFE R /K ThRE R 4 Acetobacter sp. [ [l 2 1L i
FTAE TR T Tl S Br S B AR A7 E R AR M o5, e LA B R A A = SR e, NED)
AL A R 3-HP 1 T AR = PR b % . X — R AR5 N i 3-HP 1845 T # s, BAHENS
NI

SR

[1] Jiang XL, Meng X, Xian M. Biosynthetic pathways for 3-hydroxypropionic acid production[J]. Appl Microbiol and
Biotechnology. 2009, 82(6): 995-1003.

[2] Werpy T, Petersen G. Aden A, Bozell J, Holladay J, White J, Manheim A, Eliot D, Lasure L, Jones S. Top value added
chemicals from biomass: results of screening for potential candidates from sugars and synthesis gas[M]. Energy Efficiency
and Renewable Energy, Washington D.C., 2004.

[3] Brown SF. Bioplastic fantastic[J]. Fortune. 2003, 148:92-97.

Della Pina C, Falletta E, Rossi M. A green approach to chemical building blocks. The case of 3-hydroxypropanoic acid[J].
Green Chemistry. 2011, 13 (7):1624-1632.

[4] Falletta E, Della Pina C, Rossi M, He Q, Kiely CJ, Hutchings GJ. Enhanced performance of the catalytic conversion of
allyl alcohol to 3-hydroxypropionic acid using bimetallic gold catalysts[J]. Faraday Discuss. 2011, 152:367-379.

[5] Kumar V, Ashok S, Park S. Recent advances in biological production of 3-hydroxypropionic acid[J]. Biotechnol
Adventure. 2013, 31:945-961.

[6] R<3E, HEM, R, FAEHE, J7 80, RE SRS R 3-FRBE IR A B AR BT T [0]. R S B2
%, 2014, 20(5):804-808.
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“HEMIAN” WK 22 B R R A Pl i

BRER i RE
MAMRBELELRRE; LHGERFEGHFHAFRE, L& 200240

M WKL SRR THRARLYE, AOCEAT & MRETYE Kevlar AH = 158 Bk AR5
HME LI SE A E AT L), i HOE R A U . s IR AR 5, AU XS RAR AR
WARH 7. DU IHUE BE AR 22 78 i VEREA RN P8 2 R . B Rk LR WHLE
SRR BAT BB N UME, SR 2 5 1 AV SRR AT B AR R FIRDRE, 48005 T
2 FH A5 BIROREL 2 (9 RE (14D

RARWR 227~ B AR AR, 17 HLR R SEA | M ek s s IR LAk, TEFEA R
AR T FAE Rz AV AE TS 2 Pt AR R, (02 TRk 2252 o v R IR D B3R IA I
Ko FREEA (250-320 kDa) #E, RMERELE . N7 seIRAEDDSIE B RS, AT R
TRTHHERR NG EATEER . H5e, SIS B bk 22 8 1 2873 s e s 32
KRR R R, R F HLICER 2R 2 90 BT IR R SRt T8 A 4 AR R A L. IR, AR
WA B R AR I PN R T A, IR SRR e AR (10 TR SRS, $RTH NIk 22 32
I K e SRR 22 7 MV AR T ST B8 5E B A2k al, IR H Al A M) SRR AR AL 22 S ) e 2R
W IR BHEE (5),

S CHR
[1] Qian Z. G, Zhou M. L., Song W. W., Xia X. X. Biomacromolecules, 2015, DOI: 10.1021/acs.biomac.5b01231

[2] Xia X. X., Qian Z. G, Ki C. S, Park Y. H., Kaplan D. L., Lee S. Y. Proc Natl Acad Sci USA, 2010, 107(32),
14059-14063.

[3] Xia X. X., Wang M., Lin Y., Xu Q., Kaplan D. L. Biomacromolecules, 2014, 15(3), 908-914

[4] Wang Q., Xia X., Huang W., Lin Y., Xu Q., Kaplan D. L. Advanced Functional Materials, 2014, 24(27), 4303-4310.

[5] YuJ. L., Xia X. X., Zhong J. J., Qian Z. G. Biotechnology and Bioengineering, 2014, 111(12), 2580-2586
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WAV & BB EAR YR K R SR TR SR

BlwL XA HER HE
Tl RF AW ITASE, K4 214122

T SRR S — KRG RS R =), 1R RS URE A BN,
— B Dk R BRI MR BGEL . RN G BORIE T M PRI, BRI KI5 %,
AT NEAR A, BLEBORRZ WS . A T R SAEYISEBUE T ) — R 0 L, T8
REFERUAEYD A 3-8 -D-BT h A Pl ER-7- W R 7 B (DAHPS) 73 SCIR A7 Ji /734 1 it 2 g
(CM/PDH). B RBEXARF(TAL). 4-F SR G A EHM(4CL). BI/REA REF(CHS). /KT
FERIEE(CHI). N FRHEE A & %l 2 Fh P450 AL 2R S5 4 BV BRI R 5 A g 4 . b AR
oA SR A 20 B R A A S R 2 & TR R T DAAE B4 DA & B il R 3R (2S) Ml K 25 71 (2S)-AE
Fo MR, EEIZEYIR A R B AT A —— A AR A, 754K RE bl K B T 4i e
GBS A ER 5 o] U T SR R A . R, R 1A T A A RS
BRI I X RNA TIE SRS . AR, 2T mRNA T4 F%F1 CRISPR/dCas9 1)z X RNA
R RGBT R R e . IRl b, B RGBS G R g, SEEL
T(2S)-MiEFE . (2S)-AMmE . XHMEZ M EERN AW ARG . AT T4 R KA
B 5N R A I R R A YIRS T — RV RS TR, N JE SR uE e P A RL
() PR BE N 2 FE (1) S I 2R 3R T 7155 5% .

SR

[1]Wu J. J., Du G. C., Chen J., et al, Scientific Reports. 2015, 5: 13477.

[2] Zhou J. W., Wang K., Xu S., et al, Journal of Proteomics. 2015, 113: 15-28.

[B1WuJ.J, YuO., DuG. C, etal, Applied and Environmental Microbiology. 2014, 80(23):7283-7292.

[4] Zhu S. J., Wu J. J., Du G. C., et al, Applied and Environmental Microbiology. 2014, 10(80): 3072-3080.
[5] Zhou J. W., Du G. C., Chen J.. Current Opinion in Biotechnology. 2014. 25: 17-23.

[6] Wu J. J., Du G. C., Zhou J. W., et al, Metabolic Engineering. 2013. 16:48-55.
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K E R L-22R\EN TEFRWE

REZLD BN xz? $FF!
L @Afm LESSanls AWEsERT, Lif 201210; 2 kST L KFAHITHRPEE, KiE
116034

W L-22 8B IR N — R E B AR, BLE) 2N TR &, At
Silg. UL E. coli W3110 AR H#E, 126 A r oA M7 1EERR T L-Ser X 3E K serA 4utid (B iR H
TR I S BRSO BHNRIE R, Rz o B R 5 e = AN BB gmAG 3 K] serB. serC Al pgk k4T 5
Begeik; Hk, EIBENIRAS ik, TR T RS R L 2R R R R R R A A GlyA™,
Hidt— 08T @il 22 IR KB gm S SE R X B AR L-Ser IS RIS IRRIT, 2[RI r k5
sdaA 1 sdaB i, BEIAKEEZ) 35h 5, L-Ser =& nl ik 33 g/L, & FEFEILRL N 18%.
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Systematic analysis of intracellular mechanisms of propanol
production in the engineered Thermobifida fusca B6 strain

IR &
THRFRREABMIZESHARBRIELRE, L4 214122

Abstract: Thermobifida fusca is a moderately thermophilic actinobacterium naturally capable of
utilizing lignocellulosic biomass. The B6 strain of T. fusca was previously engineered to produce
1-propanol directly on lignocellulosic biomass by expressing a bifunctional butyraldehyde/alcohol
dehydrogenase (adhE2). To characterize the intracellular mechanisms related to the accumulation of
1-propanol, the engineered B6 and wild-type (WT) strains were systematically compared by analysis of the
transcriptome and intracellular metabolome during exponential growth on glucose, cellobiose and Avicel.
Of the 18 known cellulases in T. fusca, 10 cellulase genes were transcriptionally expressed on all three
substrates along with three hemicellulases. Transcriptomic analysis of cellodextrin and cellulose transport
revealed that Tfu_0936 (multiple sugar transport system permease) was the key enzyme regulating the
uptake of sugars in T. fusca. For both WT and B6 strains, it was found that growth in oxygen-limited
conditions resulted in a blocked TCA cycle cause by repressed expression of Tfu_1925 (aconitate
hydratase). Further, the transcriptome suggested a pathway for synthesizing succinyl-CoA: oxaloacetate to
malate (by malate dehydrogenase); malate to fumarate (by fumarate hydratase) and fumarate to succinate
(by succinate dehydrogenase/fumarate reductase) which was ultimately converted to succinyl-CoA by
succinyl-CoA synthetase. Both the transcriptome and the intracellular metabolome confirmed that
1-propanol was produced through succinyl-CoA, L-methylmalonyl-CoA, D-methylmalonyl-CoA and
propionyl-CoA in the B6 strain.
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R ZF AT B R B surfactin 5R-y- B 2R T 204

MR ILRFAEMEH B ITALFIR, HF% 210009

5 %L: Surfactin, rHBacillus spp./=A4= —FIRIRAE IR RR G TER],  H— 22 K-k
EH—AZREEIRTRR UK R, BAEPE PUOCFEARAREMAR . PUpiae. S0 s 40 oy e 55
AEWsEThRE, BAT RN T S[1]. Hyun Gi KongZs2E3# K FLSurfactinfft) K BE RN Bi8E . K
BRI AEYIBTAER, KR TFRMRRL10006%, REEE . F A0 K F R 25 7l 114 91.29%H192.3%( 2] -
R-y- B2 K ( poly-y-glutamic acid, y-PGA)J2 H L-4 24 IR D75 & Wi i I e B 45 & TR ) — Fh 2 Ik
o, HAMME. RB. 8. EYTREMREYERE, EH T AR AEYAR R SR AR3].
Jiang Yue S5 72 A BIAS N 58 y- 73 U R AEURH LU 5 S AU} P e - 388 HPINHa/NH**-N & 542 1512561 %, FHfi
A ATNOg-N RIS HRE 7550 Yoo AX S0 28 MR I 7Hh HH 1358 mp i 28 73 281 1 — oAl 0 2F FOAT B -NJtech
489, WJ A A A Surfactins 5R-y- B &R FERERE/H IR S & BB IR FE T, BRI 730
262.23 mg/LF11.51 g/L. AT $EmSurfactinfily-PGARI K =&, it — D4 m LB IR Y i i A 7=
RLFIRTREE, ASCUUEIE R8T, 4568 Re TR AR (IVOS) X B MR K B 12 26 A AT ARAL
ST SRR SR R IREN . EALE . TR A R Ee MY, 10K, RAU;,(10%)
BIEI BT SEe, SRueAE SE B AL T ML A (IVOS) 7 W 15 H Bl i 9 T 2461 . 45 RM, 1%
37 ‘C. KE#IFIE36h. #i%200 rpm. M1 E3.69 %. Hil31.56 g/L. Filig4#8.44 g/L. &% %:4429.89
g/L. Skl 5.61 g/l BERR &4 1.37 g/L. L/KEMIRIE0.02 g/L. L/KAIRIRE0.2 g/L. K
A PR R TS I R AR R R P ) ) T 75543.21 mg/LAN21.74 g/L, LA R BIR T 1A
13.5f%,

KRB MR ZEHIATR; Surfacting AR R RERTLAL BT (IVOS)

SR

[1] Kakinuma A, Hori M, Isono M, et al. Determination of amino acid sequence in Surfactin, a crystalline peptidolipid
surfactant produced by Bacillus subtilis[J]. Agricultural and Biological Chemistry, 1969a, 33: 971-997.

[2] Kong H G, Choi G J, Kim H J, et al. Production of Surfactin and iturin by Bacillus licheniformis N1 responsible for plant
disease control activity[J]. The Plant Pathology Journal, 2010, 26(2): 170-177.

[3] it PRI K415 & 4k 5% i, 2004, 12( 11) : 20~23.

[4] Jiang Yue, Liu Liming, Luo Guangfu,et al. Effect of y-PGA Coated Urea on N-Release Rate and Tomato Growth,Wuhan
University Journal of Natural Sciences,2014,4: 335-340
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TR TRESUE RIS ®EM 2,3- T _FEa )RR

MES XA BB X FE ASFE KE HEIHF O RIHX
THRFAM ISR, TLEMBRKHAFIRELERET, LY 214122

WL 2,3- T SRR —ANEEMWEYEIBE AW, # ZNATAT. & K24, B
K R AR, 2,3- T WA BGREE EMP @42 2,3- T R SCBR AR, RN E— Ak
W RIS, AT LA IE BIAHF 7T %0 2,3- T B SO AR TR s g . 2,3- 1 i iRkt
A oA KR CBEARA R (ALS). LBEFALRRMREF(ALDC) R AR MHIE FEEF(ACR) . 1] B 21T
BHEFRIAIX A CHEBE R, ARAAEKR R, M2 R4 = 2%, ALS F1 ALDC fFRiA
%2 alsSD #\ T 1%, M3 T ALSR 1% alsSD #Z1kM., Yangll F1 Zhang ZEBIF 78 & L,
3T R B i S F ALSR [FERIA B4 i ACR RIAEHn] U858 2,3- T B S B pid & . 41,
2,3- T A AT E NADH 25, [Fitk, NADH /KX 2,3-7 —EE& A EEEI. Yang
2 Sh@ntsmit NADH/NAD FAE R R, #m 7 CiR il E; Aok, s ks NADH FALREE,
HEINH - R AR NADH ARS8, $im 7R NADH /K%, #miies 17 2,3-T =
fEr= g, KT B CARARAL RO, FHAk, 8. ARSI A 2,3- T it
G, [RINT 24+ NADH, AL, BEBTX Sem| == i vl LAk — 042 & 2,3- T ZRE s AR hm &0,

SR

[1] Ji XJ, Huang H, Ouyang PK. Microbial 2,3-butanediol production: a state-of-the-art review[J]. Biotechnol Adv. 2011,
29(3): 351-364.

[2] Yang T-W, Rao Z-M, Zhang X, et al. Improved production of 2,3-butanediol in Bacillus amyloliquefaciens by
over-expression of glyceraldehyde-3-phosphate dehydrogenase and 2,3-butanediol dehydrogenase[J]. Plos One. 2013, 8(10):
e76149.

[3] Yang T, Rao Z, Zhang X, et al. Enhanced 2,3-butanediol production from biodiesel-derived glycerol by engineering of
cofactor regeneration and manipulating carbon flux in Bacillus amyloliquefaciens[J]. Microb Cell Fact. 2015, 14(1): 122.

[4] Fradrich C, March A, Fiege K, et al. The transcription factor AlsR binds and regulates the promoter of the alsSD operon
responsible for acetoin formation in Bacillus subtilis[J]. J Bacteriol. 2012, 194(5): 1100-1112.

[5] Zhang X, Zhang R, Bao T, et al. The rebalanced pathway significantly enhances acetoin production by disruption of
acetoin reductase gene and moderate-expression of a new water-forming NADH oxidase in Bacillus subtilis[J]. Metab Eng.
2014, 23: 34-41.

[6] Yang T, Rao Z, Hu G, et al. Metabolic engineering of Bacillus subtilis for redistributing the carbon flux to 2,3-butanediol
by manipulating NADH levels[J]. Biotechnol Biofuels. 2015, 8: 129.
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Yeast cell-based analysis of human lactate dehydrogenase isoforms

=B A Mohamed LA % 7 #¢
THERFAEM ISR, L4 214122

W R 2R A SE R A IE . EDEE SRR TR I T, K B e 40 i 2K
WA PR PR R AR ALIR . X —FRER R A AR . BT ARIERE (LDH) &A%
PEREARAS v 1), LR I S A I\ 9 RAR A ) IR TT R hE B 7T R
AT, FEERPEEREAN M AR RS, RO 7RI EA R4 h A 54k LDH. pdc @bk (K
5 TR R I St R S DR R B D TRT RIS I RE TGV R AT R A o 75 L AR s B SR i 2 A HIAE
1EF, pde mFR MR I A K BE . AT e TEDU RS = A fEERIIBOLT, pde BRE BRI
ARKIEIRIE; KRG, ¥AJRK LDHA JENFE1L % pde B HEMR. WFFCABL, LDHA HIRIERETR
A pdc SREA AR AE KR EE, T FOX R REME R 2 BT LDHA itk . 5 LDHA M, LDHC
WAETRF pde BRFEBEMEIIAEK G, RE LDHC AREA 45 LDHA MFEIKF AR . ),
LDHB fg KB4 5 LDHC #[FK-FHIFLER, 1H/2Z LDHB ASHETR b pde Sl be Bk 1 A K Bib . ik —
TR I, LDHB-RFP 788 BEAH L N (17256 70 A Bt Bk, 117 LDHA-RFP Hil LDHC-RFP [)5¢
HEBENAEMBF . Kk, LDHB TEREREANM N Rk AR IREIE . i T I RR A P b AT 18t 4%
Ay BT AN L T-40 M i) sl Bk, PDC / LDH HEMA 2 T A3 LDH B2 5 4.
REIE SR FLRRKEE: LRI AR ARG BRI EE L

SR
[1] Mohamed LA,. J Biochem. 2015 Jun 30. pii: mvv061. [Epub ahead of print]
[2] Doherty, J.R., Journal of Clinical Investigation. 123, 3685-3692 (2013)
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w7 U S e B K AT B AR A

XEG T KT WA
REMBERFAY TALFIR; RHERNABERB LTRSS TAZELRE, KF 300457

W A —MIATREE, B RAREARKKER, RPEE. DNA ZEYKTH
MARAREE R, TTCAHE AP IA R . T2 &R S RSN, LA RigR
AAFAE T — Lo rh R SR AE Y b o AR G0 R B A VG SR E D TE o bR B R & DY & e« AR SCHE
KIGATEE B T DA e & SOl s, R AR TREFRER TNAMEHRRE. HkU
Escherichia.coli W3110 Btk N H K FFE, #KIET Halomonas.elongata T4k 1) VU &M e A il A
ectABC FiRFRIA, HM IS MERE 1) & e, LB SN AR R . SRk B DU S mng = & IA 3
4.88 g/L. JHILFER thrA F1 lysA F[R 73 I BHIT . 5546 TR U B AN 2 e S, 38 o DU S0 g -5 j S i
A HTE &, PUS e~ BRI S T 109 %. 7EibFEat B, 3%k kIE T Corynebacterium
glutamicum B #EGm ALY K A ZBR BRI lysC FE [RI X oo f AR, BRI E IR . U DU S s e iy
W) L-R AR -B- 1l (1 s i@, PUSmne F= 38 m 1 17 %. )5, i &4 ppc £ F H 37
N tre JA B, N R I 2 A B R B L SR B RS K B REER QIR JE [R5 £ R SRR A
IRUSE I CRR I BERL, AR R AR R AL, DS e P AR T 21 %, AR E— ik
REMETE AR BRI P AR B DU S (K AT B T RE T o SR AR R B 24 n & B DO S e AR
28 16 g/L, 5L KEEGE AR 30 h A DY S msnE AR 2Rk 25 glL.

SR

[1] ERHE, M. SCEWSE MR b R AYER ). RED SR, 1994 (21) : 293-296.

[2] Kwang Ho Lee, Jin Hwan Park, Tae Yong Kim. Systems metabolic engineering of Escherichia coli for L-threonine
production[J]. Molecular Systems Biology 3:149.

[3] FMEAR, WIS, S5A% 0 BOFF I icIR Fe kil 8 5~ Rv2989 [T RERT FL[D]. VR K2, 2012,
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BHHBKETE SYPA-phbCAB-ppnK KM E & PHB AR B Xt
L- &R A BB

wEIR ABAE KE HEMS REA*
TRRFAMIESR, TLARERAFTIELERE, LH 214122

TE: L-RSERIE A — M N A FR R, R AR BRI ZG B Dh M 2 B T8 . 25 Al
TRA AT SRR IR TR TR (PHAS) 2 AR TR . FIR LG =& 2 T, TR0 T B
PE 20 A B IR AN eI A 2 0 ) — IS 5, L 3R- B R T IR E (PHB) & — FhAF AL 5 9 B
PHAs, T3 R4V T BRI AE A, PHB B 2R .

Bl HEFT T Corynebacterium crenatum SYPA 5-5 J& —Fhfli IR . #22 QPR M TC 22 0w bk, =2
OV B Tl AE P21 LAS BRI R « A FU A2 72 1% 1R 250l |, K4k B T Ralstonia eutropha H16
(1) PHB & 14 NZi . SEILRRAME P LS 2R AT A AL R PHB, FEE S0 PHB [ R
B4 LR A AR R A5 . Kok H T R. eutropha H16 FI#EA4~ PHB A i\ 114 i 2 4l
WHEAT# SYPA 5-5 FRf5 3| 4% SYPA 5-5/pDXW-10-phbCAB. M L-F5%ER Al PHB 754 il 72
rh 35 4 7 Y NADPH, 75 B0 it ek [R5 NAD B 8 1 B o B4 KT, Mg s s
& SYPA-phbCAB-ppnK, #EATEEE . &8 A agRil, S E AN PHB K& 25 &R, [F
TR LK 2R B OS2 B IE R AT #4354 0T, I PHB 1A A0 NAD Bl I ik ik mf
PR SBR[ s R IK o 7E 5-L KA 0 E5 20 B4 SYPA 5-5/pDXW-10-phbCAB-ppnK #5773 Hr ik
VRIREE . BRGEL R PR o0 5 0 B SR S 0 35 = B MK I R R AT A, S5 R Bk
JEUCE 180 g/L, B 9: 1, FEPEEEE 600 r/min, Tiib)E LA R B ik 65.7 g/L, PHB & &
YT EM 15.7 %, BEE TRARTII 8, MR R K RIS F], 38 e AR 2l — 04
A

SR

[1] Liu Q, Ouyang S P, Kim J, et al. The impact of PHB accumulation on L-glutamate production by recombinant
Corynebacterium glutamicum[J]. J Biotechnol, 2007, 132(3): 273-279.

[2] Gu P, Kang J, Yang F, et al. The improved L-tryptophan production in recombinant Escherichia coli by expressing the
polyhydroxybutyrate synthesis pathway[J]. Applied microbiology and biotechnology, 2013, 97(9): 4121-4127.

[3] Shi F, Huan X, Wang X, et al. Overexpression of NAD kinases improves the L-isoleucine biosynthesis in
Corynebacterium glutamicum ssp. lactofermentum[J]. Enzyme Microb Technol, 2012, 51(2): 73-80.

[4] Xu M, Rao Z, Dou W, et al. Site-directed mutagenesis and feedback-resistant N-acetyl-L-glutamate kinase (NAGK)
increase Corynebacterium crenatum L-arginine production[J]. Amino Acids, 2012, 43(1): 255-266.

[5] Xu M, Rao Z, Yang J, et al. Heterologous and homologous expression of the arginine biosynthetic argC~H cluster from
Corynebacterium crenatum for improvement of (L) -arginine production[J]. J Ind Microbiol Biotechnol, 2012, 39(3):
495-502.
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TSR HFEL T 5 & Rigksh T #RE KRR BT AR
it 5 R

X R X IEME HEEKR B
THERFAEM ISR, LY 214122

T RAENFAE BED IR K R ft e 1 TR e 2, S8 B ais b Xt 2
ETEREIRES R ARG AW E, PG T T2 B SOE S8 sS PR B Al . A AL T —Fof
FT SR AN ) 2R 5 58 H AR =06 BORB J732:, @it S A RS [R5 7 PR D 3R A7
TERT A IR a s B B 112, 456 AR 4 2525600 58 A Og 42 3 s Bt 8l 112484k, mT e
B A ORI BRED IR . DART AR 7T R ) — PR o] DA P B LR D ReRE N- I 2 5 26
(GIcNAC) [ H ZH Al B ZE AT B AR I TE 0T RBS), RGfENT T GIcNAC A 1530 772 I FRE P IR o
B, R R G0 B =& AT ISR R B0E R I, GIcNAC & RATIARYI I (BLHE LB &
FEUL IR R A A & GIcNAC A RRHITERZR; HIR, GIcNAC & g2 8 115253 W S sh#s
AL E ) GIeNAC & BU#T A GIeNAC-6-P 5 GICNAC 22 18] FIAEAE (T RUERR , I8 it [U-13C) i &
WEEhAS PR ic L8t — D IOE T CRE S FIAFAE A OB E I BRI R s ARa, 380w o i 26 I
Fisgm i FE A gleK BHMT 1 i1 GIcNAC il GIeNAc-6-P AR, #1457 GIcNAc & g 1) T 8UE
W, AR A K A GIeNAC A= iR FEAR BIHE . 4 BRI BE A 2 AT i) 2.1 £ 80 2.3 {5 A
Tt 9 4 57 () B A AR AR 23 M7 7 VE RN G s A28 R 1) 1 R 25 1) 25 5 7 2 R AR AR AR o A =
EERIE YIRS %

SR

[1] Jullesson, D., David, F., Pfleger, B. et al., Biotechnol. Adv. 2015, http://dx.doi.org/10.1016/j.biotechadv.2015.02.011.
[2] Sander, J.D., Joung, J. K., Nat. Biotechnol., 2014, 32, 347-355.

[3] Liu, Y., Zhu, Y., Ma, W.,, et al., Metab. Eng., 2014, 23: 42-52.

[4] Liu, Y., Zhu, Y., Ma, W, et al., Metab Eng, 2014, 24: 61-69.

[5] Liu, Y., Liu, L., Shin, H-d, et al., Metab Eng, 2013, 19: 107-115.
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FLBH 2 HEK AR K S0 2 R T

LBE R ZAE YHEE BHRE B
LR AR FEAEMTARITEAMERBR T EERE, Fd 250014

WE: SAHARZHERNEHHEERE LR, KRR POkl Z 4 8 R —2K01
ma RGN 2, fEEFR ERERR N AR TR (Biological response modifiers, BRM)”
AABENRERITThRE, BaEGUMRE. . PrsEth. BRImAR. FRmpES A A ) Z e
Thagea,

FIFH SBA-40C FIAW4E B HTAX RN SGD-IV 74 4 [ Bl i JFUREI 2 A 22 IR B 2 . R 220
HELZ R BROK AR 2. SCIREE R, [FIFh 2 HERE MoK th & 2 iE B L —2, A E
(R ZHERE oK Rt 2 I 22 5o DR, LB 2RI KA — 8 B I, SRR AT DL S 501
2R — PP

I AEFTATAEA HPLC VAT 1 6 FhECEE 2 W5 00 SR . K 6 Fh BB 1 M S 22 08 I L i 4
FI 1 mol/L FOBRER /K MR RS ke, T 1-2K3E-3- F JL-5-L ek (PMP) AT2EAK, I FH e ROAH € 192
RO pE . S5 R, RZ. WE R WA 2R 250, A2 P2 AE 0.92 g/L~1.53
o/l 2 [l. Mush2WEEZLIH BN Y, HIRS A AR, 3 & DR NE.
J PN 2 M A A, RS R R UM, AN B Bl A /i 1 B A A 2
TR . T HROE A 2 M A AR R U . REATRE . SR BRI A AR, M PN 2 hE A dR
EEMENE, FREAH R U R A R R

SE R

[1] ZeRE, VRBUS, SKIFIER, @20 7574k, 2010, 12: 1359-1375.

[2] Ye M., Chen W. X., Qiu T., et al, Food Chemistry, 2012, 132: 338-343.

[3] Chen J. J., Yong Y. Y., Xing M. C., et al, Carbohydrate Polymers, 2013, 97: 604-613.

[4] Chen W., Zhao Z., Li Y. Q. , et al, Carbohydrate Polymer, 2011, 85(2): 369-375.

[5] Liang Y., Chen Y. J., Liu H. H., et al, Biomedicine and Preventive Nutrition, 2011, 1(4): 245-254.

[6] Ma J. W., Qiao Z. Y., Xia X., et al, Carbohydrate Polymers, 2011, 84(3): 1061-1068.

[7] Shao B. M., Dai H., Xu W.,, et al, Biochemical and Biophysical Research Communications, 2004, 323(1): 133-141.
[8] Wang J. M., Hu Y. L., Wang D. Y., et al, International Journal of Biological Macromolecules, 2010, 46(2): 212-216.
[9] Gao C. J., Wang Y. H., Wang C. Y., et al, Carbohydrate Polymers, 2013, 92: 2187-2192.
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TE I R B B A B B BE AN 40 B 22 B4R | Bacillus amyloliquefacien

LL3 B R~ &
sagkEl Bl S5 AFF ThF?2 RELL

LhF kg P FMAEMERRKFHELERE, K& 300071; *HIFRE HHRFEHFAER
FEERE, R#F 300071 E-Mail: songcj@nankai.edu.cn

L FIEWE IS B AR TR A7 A 1) — o 3 2 P SRR R B B K A B RS FR
WAEYRIE P R E— M A B Q—6)Hitrae /& B 2~ 1) MIaE ) M, HErT
HA RIRZ R IL RS 5, A ST YR mYE . 245w, FFEEAA U,
ETI )1 R e N | = o e SN e 20w = o = T 11 2 7 N v P
AR AN DI RE | S AT A BRI T RE, AT BRI E T A A .

AN S 5 N TSRO BB 4 2 459 21—k Bacillus amyloliquefacien LL3, ‘& GEWSF]
FHRERE A & % p- R B AR (y-PGA) TR > T RIS, (H S EC. N TR
RS e AN AR, il i AR TR 77 AE B. amyloliquefacien NK-1 i 46k 1
N MIANE A EEIEE (bpr, epr, mpr, vpr, nprE, aprE), tasA (4K 3= EA Y fE L
R TasA), pgsBCA (7157 y BRI (y-PGA) A ) LK 3 NHTE Z LR (%)

(epsA-O, Ips, gly) o BRI &= KRN NK-Q-7 (dtasd, Abpr, Aepr,
Ampr, Avpr, AnprE, AAprE F1 ApgsBCA), HRZEREr=& ) 31.1g/L, B AEH NK-LP

(153 g/L) #7103 %. [AIT NK-Q-7 WK R EREMEAEA 1 BRI &, MWE AW
82.8%#E = £ 93.1%. {HTE NK-Q-7 bR HIHEEA FIESHR 3 M Z R (B )5,
REPER - EG P TR HAh, WS R I NK-Q-7 AR o- T M Bl 1) 7 5 5 BT A 1 Pk
NK-ALP #2755 1 94.1%, $&7 M bh a1 i 2 (RIS 18 A2 7= PO IR 1 23 i B 1 AR AE
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Pichia pastoris H-yf#1%1] B BEA B 2 FHLERF 5L

RAE WM aftE
THAFREABILERRERIASRET, L4 214122; it KF AWM T2, LY 214122

WL MR N TEEE /R RE (Pichia pastoris) 4+ N H A Z M SMEE3IT, BEAILEEN
BT (Paoxy) BERKERNHTFINEEAMERIE. H2E, HXHREREH, ERFEFEESF, Prox
AAE F A M — BRI S 7 b A 2 RPEAE A, b S 5 B B A rRik. Bk, HAj#E
B BT 4 B R I RE AN R R T R R — MR U A0 B v, BIAE H 5 R 2 vp AR K AR S e N RS
FrREEHRIE, (R FRFRIE Y R EIERREE TR G () H I DB e X Paoxe HIAMIHIVER . FEAHT
R4, BATESAYE BN E (RIS, SR . BEIRSE R a) fiidk t B 3 B ik iy
RESERUH AR Ia 7k GTL, SREHILS EGFP & (A7E Ll Ee R B 2 p LSR8, @i 98 e Bl
MEERATRIL, 5 GTI R AMARIEN EGFP A T4 b, 1 sl r) EGFP 9% it B AE o
rf, XU GTL BB — NS E N SaRATHHER GTL FREH AT NAE H M A ME—FRIE
B AR R ONR AR K S R B R Y rh, RIS B A B S B I R AR L, S gt SRR S AL
AT RE T DAZE HMAE v — BRI s 7R3 B K, U0 GTL SR AR Hmmshae. J+H, 18
AW, FATES B @R R (Agtl) 5P ERAENRER IR CHmE IR,
Hl SR SR PR . WEHERED MR AR DL AOXL BgyE Il e KB, T H M FRE Y
rhgeAsfA s AOX1 B 2B 4 A AOX1 BEIE 1Y 18 /% (0.03U); 78 Hl 5 HER R AR dE 2 rh, 5
AR AOXL BEE 2 BF A7) 48 fi% (0.102U); 7EH EEREFRIE 1, AOX1 By DL RIS = # A
U7(0.12U) . 9T HER: 5 BFAE R Hb S8 fAe b AOX L FEE 452w A bH T~ i o S0, JRAVTA B A Y
DA GRABAARRE F 38 2 v H il T R DL SR A7 @ HPLC #EATI 5, 25 R IAAE Hyh 55 97 3L 24 v,
Hp A= RUHE AR 50y 189.97tht RARADY 160.9%ht: fEH M S R S8 IRkt G rh, BpA R
TVHFER T 0h 169.9tht, RAK Ny 15g.97h e RIFE[R]— 55 77 5= 2 v RAR 1R 5 B A R0 H -l i vH
FEMAEAINT; RIRERUH, HhEs AR sk o DLE — 2 FE B BB H o T AOX (M1 A,
BIH L IZ R T 6e S 5 HX T AOXL &2 4, (B2 H it RS A G . A=
SHETF5F T H i 2 A f A DA H ] AOXL i& 42 IR 78 nT LA LA 5 7 78 B2 7 1 BE iR g R Rk
ARG (TEHMINEEE 2 Bl FER AR 7238 0 ] UlId Paoxa HEATAMNEE A HIRIA) HIWFFREEE
T R

e Z AN

[1] Koutz P, Davis GR, Stillman C, Barringer K, Cregg J, Thill G. Structural comparison of the Pichia pastoris alcohol
oxidase genes. Yeast. 1989;5(3):167-77. doi: 10.1002/yea.320050306. PubMed PMID: 2660463.

[2] Staley CA, Huang A, Nattestad M, Oshiro KT, Ray LE, Mulye T, et al. Analysis of the 5" untranslated region (5'UTR) of
the alcohol oxidase 1 (AOX1) gene in recombinant protein expression in Pichia pastoris. Gene. 2012;496(2):118-27. doi:
10.1016/j.gene.2012.01.008

10.1016/j.gene.2012.01.006. PubMed PMID: 22285974; PubMed Central PMCID: PMC3464313.
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R R SRR

A A TRRE 24
W Tk K A4 TAESI2, 40/ 310014

% JZ2 (pantothenic acid), PR 2 BRELYEAE 2 Bs, FEAEMIMRN FIRIEM . %
WAZIR . BERRSEY o TARGHEEA, S50, IR EOmAaesrR M. 2
BMREFIREGZ B . D-1z BRI oK I A A RN InfIE . H AT ID-Z B A =T
VR AT AR T —VED-VZ R IR N K ARG /K fR AL 2% & BRI DL-VZ fR R A e, 13- 2ID-1Z i
2, PRI BRI R N A D2 fRTR W TG, 2 J5 5 B-TH &R S [ M i) 15 D-vz I 452 31,
FRGEFENFEERZ FERNE, AT RS, FHENERSECR G .

TRDRE TV SR 72 IR A 32 B B FH i3, FR B TR AE 72 K, 8 DRI ROZE A A2 o
R RE T LA R AR 1, (HR 2 TR ST SIS 37 58 R R & 0 14 2 3, AR T
PR B RHZ R A i 2 AU B g 0 2L [NECM31.  YHRO063c. YIL145¢c. FMS12:[:2kki
A5 S kgt 7715, {6 Hoverlap PCRJ77%, 558837 GPM1p. TDH3p. TEF1pAl
PGK1p#HE. FIHFEWEFF, ff FIRFER R AN HAH, HBEGAERERNA E. £78
ZRBE IR, ARAEAE Y FUAT BB VR B, I TRR B 72/ N Y PD K BB SR R (1
DR G, RF29/L. NSl % AR LA USRI RRIEL, B
PE BRI B RRZ BRA RRE T, AT B A — AN PR A G 0 1 2 BB K

SR

[1] Duncan ES, Alessio C, Chris A. Coenzyme biosynthesis: enzyme mechanismm, structure and inhibition. Nat Prod Rep,
2007, 24: 1009-1026.

[2] Kataoka M, Shimizu K, Sakamoto K, et al. Lactonohydrolase-catalyzed optical resolution of pantoyl lactone: selection of
a potent enzyme producer and optimization of culture and reaction conditions for practical resolution . Applied Microbiology
and Biotechnology 1995,44:333-338

[BIFhE ;L dE . 7 D-IZ MRRR N EE /K ARG A T ) S ) 46 D-IZ MR 0 7572 wh I, CN200510123566.4 . 2006.06.28
[4] White WH, Gunyuzlu PL, Toyn JH. Saccharomyces cerevisiae is capable of de Novo pantothenic acid biosynthesis
involving a novel pathway of beta-alanine production from spermine. J Biol Chem. 2001 6;276(14):10794-10800.
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mreB L RIAN 12 PR A HE NK-01 WA K=K

KA jgfal RRAAT EHHEZ Tk 2
LA RFSTRAEDEBARALF AR ELFERERE,; HTRFADEREMHHFRELER
F K& Tel: 022-23503866; Email:songcj@nankai.edu.cn

s, T2 ME (Pseudomonas mendocina) NK-01 A2 7 B 3 ) — BR AR 5
MR, ERT AR AR TR TR A R R LR TR (PHAD, JF HoAE O ek 1 42k A
HMFP o HrA R BA B A A YA, R A& AUsE T 2 N s T
PHA B RUIT& BRI RE T, DL G R BT AS B 25 10 AR 4 vl B A 1 S5 2 A
FrPERe, FER] VBRI AL TAEM B 2R R ST R ) R N AT 5t A
TP 5 TR P R 2 50 B AU ) B DR DR &R K N B NK-01 B RIZH 4 0
FILEXT G K3, NK-01 &G TN E 4L H R, 43708 mreBy minD. ftsA i ftsZ. H
4 EH MreB i ST 4EREERIRAE AL, RN 25 e @i 5. i e 40 ik it
NG, (HERTMAE RS SLE A MreB 5ER I B2 BIRKE R

AT 70K 58 A5 B 1) NK-01 J: R4 F mreB % R4 A #5& Fiki pBBRIMCS2 w1, #4)
FH RIEH AR pBBR-mreB, FH R FVRE AL 7 ol RIA A S NK-01 SR 41,
SEIR mreB K (R 7E A5 R AH rp i 22 48 DL, JE e e 1t L ] () 37 12615 215 3R 35 mreB 2[R ) R AR
R RIS MER I, R T B AR RN, RAZEKRKEE N 1.51 %, 558
I 1.49 4%, K B8 LERE A N o RIS 6 B TR IR 5 5 Ja R, AT B AR B TR AR,
GRAR T W 1 M /48 2 SE R = BB BT & 0.960/L, TAR TP AE B KRG 5.86 £, {H AR
PHA P78 514 T .
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FERIR T FH & R AR R LB 5 AR RE R ) TR R
BHE 5

AR KRR EAAE HR*
b EAFZHRKKRFEGHFEIE, &2 230026

T G RERIARRE A I 214k 22 /KA 5 7= b de 22 I PR RRE 2 o b T T2 R v 80 26 R 00 o 282
AFLE LA R R AR BE R I B 03 22, AR /K AR P A B AT A3 DA 78 70 R FH o A s e 8 [ 20 R
AR RN 67 W (1) 18 A 2 KR P b oy AR SR 40 4 2K = R AR [1]. R H, BT AL L
it S S PR P A, 40 9 260 0 2 A s £ T 1) ] 5 AR e A R I ] AR A Jolt 4 4 25 R FH SR A
GUE . AT FUAE 2 1R R B AR B2 v 7= i FABE BE TR AR Kluyveromyces marxianusY ZJ015[2] 1 257
BB IAT OGS, MR T AR I [R5 R A R RN ARE (R AR 2 S AR (A iR T RE R R
2 B R AR SR A AR e K 18 B R DR DU SRR IR, i 3-mi H-voh Jid Sl
DRI CAREAIC R = AR 28, e 302k i 26 W -6- Tl I 00 S B LA LA L 2 I (125 o 25 RO KBS 1) F s
25 17 SCGAL2-N376F A8 PR T DA K i 5 41 v i 22 W AN ACHE () (R0 R A s 3-Bif I o ot S 266 A1 11 i
B AT DA 2 BRAE =0 H I A BRI R B, (R A Pl R . IR IR 77 2R AR BT R B4
Tk PR WE-6- W R I I AT S T (ERPE T 1 iR A TE78H9 K. marxianus YZJ119 £ 42°C A
SR 80 g/l &I EAD 40 g/L AKE 7742 40.43 g/l ABEEEFI 34.66 g/l 2. SRIGIRATH YZI119
BRI R I B R AL B ) Kt O RSP R 5 3L & B (SSCF) k. 78 42°C, I R AL B 1Kot A
FEISE| T 32.03 g/L AKEREF 44.58 g/ ZBE, [FES X0 0T I, L RIBR RE 08 AR R K 5-32
FMRmE . T2, RARILERMBRACEE TKE#AT 7 ke, A5~ 7 31.72 g/L AFEREA 29.82 g/L &
o ANHIF ST SEEISR F B — TR B R FH R 00 25 (1 R A B KON TR A P A B RN B . AN 9 (1) 25
AT DA BB A% ) FH A IR 41 4 230471 27 v 38R = 1 i i A R TR & I 2

S CHR
[1] Latimer, L. N., Lee M. E., Medina-Cleghorn D., et al., Metabolic Engineering, 2014, 25: 20-29.
[2] Zhang, J., Zhang B., Wang D.M., et al., Bioresource Technology 2014, 152: 192-201.
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M LTI B 2 R B A & pH AL

e FiRE
B I KFAM SRS TAEFE

2L I (welan qum)s i e i e B A 1 45 BRI S E VI AN 208 . S 1K, HOKIE
TR R B AR SV UM R G SRS TR B o T T R A e PR ] RS, BN R TR
R MIpHE B2 B pH AR A 18 T M B2 A A6 B (R B AT FE R W] 2 pHAZ Il #E7.0
N RSl i IPAE 2 4 i D S Y

ASHIF I 1 W S D0 A AR R pHIEAT IO . PRI . BERR A A B A AT =K
SRR A SRR B A AR A IR & 2 N 4.07g/kg, 1.05 glkg, K
TREA 30.5°CHI KR RpHAEA RO EHI7E6.940.3. B B2 AL (17 524.6 g/l SERRHRIK
W 2 S 7 Ik B 125,29/ Wi ML TEVA DA A A5 SE B A e A — B DR s B T A DAL B R
S MR R SRR AR, NJRERSEIRTRAL T BRI .

SH R

[1] Kawase, Moo-Young M, et al. Mixing time of bioreactors. J Chem TechBiotechnol, 1989, 44(1): 63-75.

[2] Xu HM, Zhao L, Wu H, et al. Experimental research on The new foam drilling fluid system. Adv. Mater, 2013, 28(57):
781-784.

[3] V.D.Prajapati, GK.Jani, B.S.Zala, et al. An insight into the emerging exopolysaccharide gellan gum as a novel polymer.
Carbohydr. Polym, 2013, 92(54): 670-678.

[4] Li H, Xu H, Li S, et al. Effects of dissolved oxygen and shear stress on the synthesis and molecular weight of welan gum
produced from Alcaligenes sp. CGMCC2428. Process Biochemistry, 2011, 46(11): 1172-1178

[5] Jansson. P. E,Widmalm. G. Welan gum (S-130) contains repeating units with randomly distributed L-mannosyl and
L-rhamnosyl terminal groups, as determined by FABMS [J]. Carbohydr. Res. 1994, 256(2): 327-330.

[6] Tk, BERR #h9% A (Na2HPOA4-NaH2PO4)pH T 5 24 7K K e B . v 45 B 432 24l (B AR FHERR). 2001, 14 (2)
25-26.

[71 & %, & UL, A7, WEMEZHEPS-238 4 Uk IUMT 7S, B dh 5K 8% Tk, 2004, 30(12): 6-9.
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P EERK KT TREE R

A &M

TERFAEAMIALFR, LE 214122

T AE NSRRI FH R, ERR LR B —F AN T] D> P, fEB 2
Tk, EERERERMNANE SE RN FEER S —. HalE&ERNE A e Tk
A BGE U RE R B, HEM T AR, ST, HTERETEMEES /7R
SR A TR AR BRI R, IRk, BT AR TR @ AR TR T B s KA A &
FRHRAT B 2R P~ R . AW T IE I X R A B SR R & SO A s s, 8 T — R AR R A
BN AR AR LA B, FRATEGR T KA B AL ZH | lysA F thrBC (R, DLFH M &2
FRERACIH B2 43815, A AMRER T KIATE SR 2 E metd JE[K, DARRRRBHIE & Metd X R E R & ik
BARMI . M T lysAs thrBC. metd JENBRAKE AR E.coli M4, BT SCIFATIESL R L AR
A R AR 2 AR IR R . E M4 R ERIA thrA JERI AR R S B 1
metARr JL[Rl, FRIREEE N, KEZ 48 h Mushnl#1 %R 0.21 g/l MEREEE . midid 15-L K EE#ER %,
RIS~ 7N 1.27 g/L.

SR

[1] WILLKE T. Appl Microbiol Biotechnol, 2014, 98(24), 9893-9914.

[2] %R, SFIHE, AeESE, &5 KR Tk, 2012, 38(004), 152-158.

[3] KROMER J O, WITTMANN C, SCHRODER H, et al. Metab Eng, 2006, 8(4),353-369.
[4] GOMES J, KUMAR D. Enzyme and microbial technology, 2005, 37(1), 3-18.

[5] DATSENKO K A, WANNER B L. Proc Natl Acad Sci U S A, 2000, 97(12), 6640-6645.
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— R v-RA AR RS R BRI ™ B AR I

EREMN EE A
AR LY RFEMALFIAEABRET EAEERE, &% 210009;
BRI kFLLERZ ISR, &% 210009

. y-REZ R (Poly y-glutamic acid, y-PGA)& —F FHMAEY K & & I AN R R A,
BaEH L-2EE D-B A RO IS y-I il Bl 5 5 i Bl 1) 38 TR IR, — KV AR G i o] A= ) R i
MF =M. HAET, y-PGA T Z A TS By R, AR &g, hT
HABORN B TEGRES) . Y] AR AT YRS L, AELO AR BRI T BRI
FH3& 1A [ N R @, B ETKZHH T y-PGA AL A = I Bk AT 8 T 25 Z RO 2 B Ak
BIFERE R P R K E A 2 BN BRI 2 AR, RO 1 AR 7 oA .

R T AT v-PGA AN G B 4 FHLEI LA A y-PGA & AR 4 2 R 1) /5 7 T Ak
AT N 2 BR AR AR R B e 1 9 e ) R, D Rt rh B A B — AR AN A 2 R AR D I TR A 1
PR ONX-2S, @A ABEA KA EE ZH T, S8 NX-2S NiEUE R 7 AT & (Bacillus
amyloliquefaciens). & ARER NIRIR, SMECARIR, 32°CREHRIFRE 48h, y-PGA K=& nlik 5g/L.

SR
[1] Shih Ing-Lung, Van Yi-Tsong, et al, Bioresource Technol,2001,79: 207-225
[2] Xu Z., Wan Ch. , Xu X., Feng X., Xu H, et al,J Soil Sci Plant Nut,2002,13: 774-775
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i 550 4E BRI 4 AR SRS ME I T S R R A BB E AT
AL R

MAF R RAkiT  Zd
TR AW IAAFL, L4 214122

B — PR T s vl — g iy 1 AR TURL DNA RIS DNA 7E 2 20 B A B K % Ak
MR, ikt —fEE S s, BT BRI DL- AR R F b aniueE, LR 80
8 g pBE AN P, X 3 (1 P A A e BT AT . RPN R AR KOIRFS, LS
MRRE AL 7 VX S 5 TR HEAT 74 T I AR B 2 3 g 1 PR PR, X R W IS LB AR
HIEREH . SMRILG, BAEEELERL DNA (2% N 3.57 £ 0.13 X 10" cfu/ ng, FELHEE
DNA [R5 A 10" ML 1. 05X 10" NPk T, IXXF T2 & B AT 1 1) 3 (K 2 4w 8 A0 3
RetE R R H 2= B A T8 SEH .

SR

[1] Davidson LA, Takayama K, Isoniazid inhibition of the synthesis of monounsaturated long-chain fatty acids in
Mycobacterium tuberculosis H37Ra, Antimicrob Agents Chemother, 1979, 16:104.

[2] Kortmann M, Kuhl V, Klaffl S, Bott M, A chromosomally encoded T7 RNA polymerase-dependent gene expression
system for Corynebacterium glutamicum: construction and comparative evaluation at the single-cell level, Microb Biotechnol,
2014, 8:253-265.

[3] Krylov AA, Kolontaevsky EE, Mashko SV, Oligonucleotide recombination in corynebacteria without the expression of
exogenous recombinases, J Microbiol Methods, 2014, 105:109-115.
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£ R IR TRE0R R L MV R o AR i 52 2 XY AT 5T

¥+ BAZ ERHF*
EHM I KFAMAFE ISR, JNE D KSR 510006

T2 BRI R R T A1 4 3 R R b = AR ) R S 2 —, B TR e BRI i 52
PR ROF X SRR A R e 77 LB (1) S5 o SRTTT IR TP T R PR BRI i 52 12k 52 22 DR 4%, A Ef%
30 [17) B IR S0 B AR ME DAAS B TIUEA R« irrE 2 i 4 5 7 55 3R 8 w42 JR 4% R Pprl (1) 241,
TEAHIE T A HER UG 2 051 B 6 il U AR 038 F (R AR % b5 1 ATG, Bl e 34T 3 #0125 5 8t PCR R
A7, HUEEE N T ARG E% R Saccharomyces cerevisiae AS2.489 H1, 28 KA I J5 159 21 — MR e 52
PER I 7 RAZR I A 4408 FR. 7E 200g/L 71 % BEF1 3.50/L MiE4H & 26 A T AL BE 2h, X REZH
RTE T E(ROS) K AR B FR RASHRIT) 2,71 £ o 12 B WARLE 18] 460 W PR A [ 406 7 PR i 1k
A SE T I EE G R 2H 4% 10-40h £E 200g/L i 4 B A1 2.00/L BRI 2H & 5% A1 A J) T b X R 4H 4
T 24h, W =B ZEAK (43904 89.63g/L A1 88.129/L), {H ZEEF=2 454 1.179g/L/h. 0.899
g/L/n. AT F I b T R PG T RERR S I 52 R BRI LER WD AR T, AR AR 4 2 R B 4 it
Tl AR AE P B B s RIS 2 B — 6 U A M i R 1) DA T SR A e AR TR A
DN SABARIAIE SRR FHER A T R 4 1) L
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PERR A=) TR BB 2 Clostridium acetobutylicum ATCC824
T BT 52 A A AL

BB FuEdk I HFx
EHBEIRFAMAF I ALFR, 7 NES KFEH, 510006

L. B AN A AT Bk, PRSI A WAL, BAWRRERRE . EEIMRER S A
REE BB B A . HAT, TEER AN i RO AT S Ak, 3Bl ABE KA,
SR ABE I8 21 1 S ARSI 2 T e 200 B ) B A FL 7 8 U e 4ERFAE 15-18g/L. RIIL, $imii
Fhowt T R B 32 M A LR JE BE - AT 70K K E i 4R 54 BRE Deinococcus wulumugiensis R12 ) groESL A1
Dnak 3 [X 437 7F Clostridium acetobutylicum ATCC824 it %Kik, 45 /R TFEE i C. acetobutylicum
ATCCB824(groESL) #1 C. acetobutylicum ATCC824(Dnak)fE ] B 52 11 Jy 1 5 B A8 i A BB 412 5
[FIEF, 7F 50g/L % i K FE A+, ATCC824(Dnak)ff) | BEr~ EiAs % 11.6g/L, &BFA 11 2.34 fi5,
FE B AL K EE 42 /NI J5 FE AR W76 %0 b 52 R0 . AT 58 A $E ) C. acetobutylicum ATCC824 T B i
SEAERUT B AR TR

SE R
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ETREMNEN RERERT=BERASMML

MG XL RARE XN EW OEW RS NEFIE AETR
b E A F A RA R R R AR A S R T, A2 230001

L AW R B FE P (R SRR IR 0 AT T A, DR AR = . TR IR
FEA SR T bR BEVR R (135 37 77 15, RV AR AR A (R A TR B 391K A [ 0 s 32 % e A= B0 T Bb3088
Feiit, REERSIRITE 1-4d I, W@EEVCE N 95-100%, 5-6d Hf, J@FEA 80%, 7d I, N 60%, ff
FHF=REIAR R M. MHRAERE Ma2677 Kk, SEREN, KEEREE 1-7d B, BEEEN
95-100%, 8-11d M}, ¥BEEHN 80%, 12-13d B, BN 60%. X[ He&F N, (ERBERTH, &R
AT BEEMER, KEEFREIRN, BREER T8, ERBE, RABRIRERE R HT.
H A FL B Bb3088 Al A FLE Ma2677 (It~ 1A F) 11.2 mg/g 1 24.5 mglg, LLARAGHT 34 1
72.31% Ml 52.17%. [ ABT LG, 7. WL &RERAREGE—E, o E. %5
ITHEAMEFERT LK, P RIBCR B RHG, m HIRR AT F ME 2R eE i, dEA .
N T B A, FRATDS AT S AT TS, SRASEEE A 7 I e
o FEXTREMALF P R I AN R R AT MR A . X = ANR R B SR S AR L
WCHR ISR WRL TR T) o 75 380 R A0 1A 268 i 150 5 SRR AV 1 B2 L (A) « AR IS TH)(B) 0BT T ] (C)
Sy 18%  4min 1 44 h. TEARAIRAE T, Hi4-E 5 Bb3088 fiw KMl tH{E N 20.9 mg/g, thflifb
AiEm 1 221.5%. FIFXUAIERE, RARMMMSES S, XA Ma2677 fil1 3 T i ur g,
RB BRI 780 42.2 mglg , FCARAGHT S IEER S T 162.1%. N T IR URICER L7 Al B, XY
H4: LB Bb3088 Al AE HL B Ma2677 [l T IEASHEAT T WA I W 5%, IR UAC A 380 ) ke A 3
Bb3088 1 H A= FL B Ma2677 fi1-ky BRI AR Aok o R, A S LMZRi, JEE 1
REN
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Efficient Biocatalytic Reduction of Ethyl Acetoacetate with
Recombinant Escherichia coli cells in an ionic liquid containing
system

Jing Hou Liping Zhang Jin Huang Pu Wang*
College of Pharmaceutical Science, Zhejiang University of Technology,
Hangzhou 310032 * Email: wangpu@zjut.edu.cn

Asymmertric reduction of prochiral carbonyl compounds is an effective approach for the preparation
of chiral alcohols by microbial whole cells with highly stereoselectivity. In our previous study, an
recombinant E. coli was successfully constructed and applied for the bioreduction of some prochiral
carbonyl compounds with excellent anti-Prelog stereoselectivity™-3l. (R)-ethyl-3-hydroxybutyrate ((R)-EHB)
is a key chiral intermediate for the synthesis of L-carnitine, imipenem and other carbapenems chiral drugs.
Several studies have reported so far to carry out the biocatalytic asymmetric reduction of ethyl acetoacetate
(EAA) to (R)-EHBM,

In the present study, the optimization of fermentation medium for the bioreduction of EAA with
recombinant Escherichia coli cells was carried out. The obtained optimized medium was composed of:
maltose 15 g/L, peptone 10 g/L, yeast extract 10 g/L, NaCl 10 g/L, FeCls 0.01g/L, KH,PO4 0.15 g/L,
ZnSO4 = 7TH204 0.1 g/L, with the maximum enzyme activity of 1276 U/L. A best yield of 93.7 % with above
99.0% of product e.e. was obtained at 1500 mM of substrate concentration. Furthermore, a [N1,1,1,1][Cys]
-containing system was successfully constructed and applied in the asymmetric reduction of EAA to
(R)-EHB, the substrate concentration was further improved to 2500 mM, the yield and the product e.e.
reached 91 % and > 99.0%, respectively, which are much higher than the previously reported.
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CAH i AR R B A P — P R R R R

EFFHM ReIR HREKD FEAD AHFZ Aml
Vi kAW ISR ARIAEAMR S BRRE, LH LY 214122, 2535 X A A A IR
INE), LKA 214122; TilRAE 4, E-mail: xbzhan@yahoo.com

EE . DLEFh S MU (Xanthomonas campestris) NK-01M4 HY & Bikk, 205 47 I [a] 135 2%
i 345 R DAH Y A ME—BRVR B IIAL, 45 21—k T DURFH H e B A 7= 5 P B ek S B B B AR ok
T4 WXLB-006. NK-01 DLRENE AR A& B AT 2 1 35 R PR N NK-01-XG, WXLB-006 PAH N
WRVE R AR 3] —FP i B R, fiv44 8 WXLB-006-XG. qRT-PCR 45 E7r: WXLB-006 1 5 iR
A AR HMEEEE A (glpF) HlEEs (glpK). Him-3-BER A (glpD) A1 HE-1,6-—
TR (fop) PUAS FE 2L 5 NK-01 AHLL, 43w T 3.36. 3.05. 4.75 1 2.53 fi5 . WXLB-006-XG
135 F 8 Mw=3.0x10° Da, s& NK-01-XG “F¥J4rF & (Mw=5.8x10° Da)lfj—- /47, 10g/L [1)
WXLB-006-XG 7KIFWAE 6 rpm FIBI)H A~ R UK/ 1800 Pa.s, A& [FS5E4M4 T NK-01-XG /K%
MR MK (10800 Pas) /N2 —o PRI B R RGR TR /B F BB R R
WXLB-006-XG [HXUEHERe 4l HEEMFAE, 11 NK-01-XG TR IH IR MU it HLA5 0 5% . Wi
TETE KT , WXLB-006-XG 7K AL 2 B B ART- NK-01-XG, H WXLB-006-XG J¥ .5 #8357«
B F IR I F 38— i w2

R R AR R 20 5, ARG T AR, RADEM T RS HATIL. 35
TR P R EZRME SR LRI TE AR, BR CRIE S i R B Bue . Pk
PIThEE, FHXTRERE BEIR o i M5 9505 55 S B A AR A A LB RV 7 DAk, (2 i T3
FRE T B R /K Vs R P v, A CAE B R R T I AR, PR 7 AR k. Ftk, BN AhxT
TR R AL B Ih e T FOANRIE IR /b o 7T BK Y T  RVECR AT LA i 7 284 3% iR Jise WX LB-006-XG
EREmPAmE, MHAMIERBRRG M RIE, ABFFUE R — 55 1 20 R iR A,
NEERIF T #i; 5— e LU R L 2 ot R R — e iR S, ML 7E R %
BRFARM AT, LI R A AR 77,k G 52 [ By A AR e X 2 5 B Al 3 s v it
WXLB-006-XGi# i H34 5] 7 B, A HAE & Wil TN BORMRE e 78 70 R, 2 4 SR} AR VR 9%
HR, BT mTera], iRk, e E; e, DRI R B R 3 77
FE, MBI TRAs . R, 3 T AR WU S 0T £t B4 ot o A 1 JEaiss BRI A3

KRB BFMSEECREE; RASKR: Hub A BT R

e Z AN
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#%2 DURL2 A RRERN TV RERS TR BB FEE
F R Z BRI B

FRHE FRRE B BB O KRE MK
THERFAEM ISR, LY 214122

P FHH IR L (ethyl carbamate, EC)J&— M {7 /e TG0 KB o (i &S . WSE
JEALEE) AR OB CRIZTE. FEBT. HABES FrnsesvsiEym. JREM R EN
O EC MEZEFTAY), (ER AR RE T, BRI SRR A I R 35— 500 20 ol JOR J 1t e T e A4
T E AW BRSNS R T ) CRER IR ECo ASHIFFE LAEF A= Y TV 3675 1 B N85
N R BE A AR TR s SR A3 T DURL, 2 56 R (G A IR 356 I A i ) v 3 308 1) 79 Ak T2 4 NBPURL2
A1 NB5PURL2c, i Ik g i i B HH R 3R IR B AR PGB o EC I & & . SR AR B HRAH L, NB5PURL2
I N85PURL2-¢ i S P e Bl EC I &0 IR T 49.1% R0 55.3%. Ith4h, TRER A K AE SRR
FERFIE SR AR C I B 22 5, FLBEAe e PELT o 1T 1 ) T AR AR A T st Jok 8 wh TG AR 5 R 1 5
N ARIUE T BERE TR A 2 4, B TGS V7R rTAT P, AT 2 e it 350G ) 22 4 o

SE R
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HERPME T AYH A0 B i 2 g A= = Bt B g 26 AR RO PR R B2
i SR

AR HprEl o4 xkpkl T L
VIA AR KFAMBARSFE, 441 212018; 2% B R A F 2 &L aF 52 By, 4R 212018

T 707~ Yarrowia lipolytica W29 ) FH 75 & [ /K Sk A2 P S A= i AR 1 i A
A AR M 2 TG 2 MR T A A K e, AFERRMNE . 28 R DR RNaL]. &
I R E RN SR GRS TR A KRR R R IR v, S 77 i BRI AR K3 e [2] .
AR T AR W BHE ) AR 2 % B I L S SR BRI (Malicenzyme, ME). 53 745 B2 It & B (Isocitrate
dehydrogenase, ICDH)AIFT 15 BRZL M (ATP:Citrate lyase, ACL)ZEH[E 4@ & T EiERG [3, 4] X
SERE i SRR, ATRERCIR AN 0 S A BTG, AT R AR A A A R AR T REOR

X H R AR Y. lipolytica W29 [ & S 7RIS AN FIVR EE ) M2+ (2, 4, 6, 8 A1 10 mg/L). Cu?*
(2, 4, 6, 8 M110mg/L). Zn?* (2, 4, 6, 8 f110 mg/L) Jz Co?*" (5, 10, 15, 20, 25), fE##
RIS EARAC AL 5% 4 FhE 42 )& 5575 Y. lipolytica W29 RIS . TEALAL 458 B T R (M- 8
mg/L, Cu?* 4 mg/L, Zn?* 6 mg/L Al Co?* 10 mg/L), Eikife & & RERE, MisERtbas e AR
 10%LL .

& BhEn@E R TFB, A RRR TR INA B & m B TR R 7R3 1Y Y. lipolytica
W29, 1] LRI Rt AN B 75 A8 T (1) SRAR AR i i tH R A s e AR M IR R LAY, ARG LA
i U S AR R AR R 1 7 S 2 S R AL 4, A 2 IR TS 1) S AR ke J26 o 5 34 HH e 12k Y 3 T v ) 5
BRR[5]. SR IAIAEFE D R TAR, PRI H RASR A BT R SN R A B 2 N SR R Y, i g 2
FHRLAER R TRAR KR, IF SEIX LS TRAF RN 462 8 B T IAEAE BUB RIS I, R A Al i g Rk X it
BRI SRR 4 JE B TR B . eSS I H AR N Y. lipolytica H, 8 H AR BRI
1FFTA S BAR R A, Ok A B SR PP SR MR, 98 T Y. lipolytica i &SRR K4
(FIREST, ZISEE L VR RE Y B AR 7= A ) 424t T — MR IFMFE.

S 3R
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B iR Tt £ v B 2 Y R L O SRR B B T A SRS L AR

kietE KEM [
T KFAM ISR, L4 214122

L RV R BV PR RS A A s B A TR BT, R SE A P G 0% 2R G 11 EE A T
a5, FCARAM P2 AT DASR DA A B G T8 R N BT E PR R R SR E SR BN T K 4K
JEH AR AP E B Z RIE AT, FEVE R BRI R R =10 2 WARGE . AW 50 R F SE R Rk
ik Z4; (Pichia pastoris X-33 FJiiki pPICZoA ), FHIETEFEREE RS TANERIL; HNTREHE
A, W H IR EERIHET TS MB T I . R ERIE RS T, AW TR 7
i R T BRI s TIAEEEAREERE R G, AT AR IRIE . AR SO IR Rl
TERE BTG E R AR R T THIEAT T BB AL

SRR, fERMARIEKT, 20t 1% RS 3:R1L 5 Ka, MIEEEERME LN KR
kK437 153.33+10.41 A1 538.33+15.18 U/mL, HEHEXEN 80.03+1.94 Al 239.60+
416 mg/L. SEFAERIILN (FRIA/KF 178.331+7.64 U/mL, 89.97+2.90mg/L) AL, £ “BEHLILIL”
MR EAE LA IR T 2.6 1%, Son V2 ERAEE, 2% MR G R kK
IR R RS T, B AR B R DA R A T VAR S R R G R ) H AR 4
)15 %) 75.0640.25%, 74.56+0.14% A1 79.00+0.14%, X xtH 5 4L B aith AR . B SEA
JE T LRV R AT T Ak, XA AR B H B AT RS R A AT, 25 SRR
oy T (18KD) BRI IR BAIE (14.4kD) FK, EZEF NFRIA KL 514 His-tag 28462 AT EL,
(EIXFE AR S . Ak, HEERE (35°C) M pH (6.0) 5RRBEHBEIER (&
TEIEEA pH 435104 37°C A1 6.0) FEA . XX S 4k S HE i P i S AU AL A A T T il B
TER LA

SE R

[1] Callewaert, L., Michiels, C.W., J. Biosci., 2010, 35(1): 127-160.

[2] Palmieri, C., Brunetti, M. and Salda, L.D., Res. \et. Sci., 2007, 83: 109-115.

[3] Gao, M., Shi, Z., Chin. J. Chem. Eng., 2013, 21(2): 216-226.

[4] Sinclair, G,, Choy, F.Y.M., Protein Expr. Purif., 2002, 26: 96-105.

[5] Menzella, H.G., Microb. Cell Fact., 2011, 10(15): 1-8.

[6] Tang, W., Zhang, J., Wang, Z. et.al., Zhi Wu Sheng Li Xue Bao, 2000, 26(1): 64-68.
[7] Bradford, M.M., Anal. Biochem., 1976. 72: 248- 254.

[8] Teng, D., Fan, Y., Yang, Y., et.al., Appl. Microbiol. Biotechnol., 2007,7: 1074-1083.
[9] Potvin, G.,, Ahmad, A. and Zhang, Z., Biochem. Eng. J., 2012, 64: 91-105.

41



LAt e




— R RELRM RV E KE K ER A

HiEAE I A fTEE KE4SL EEEEX
M IAERZEM BT ISR, E# 241000

T NIRRERWARTE, MNREREALRNFERATHA . B e KA AT T
Ak, fEBEEA IR FZE3E1T Box-Behnken HCo2H SR BRI ST 404, B E T R R 1%
7R R 50 Hh 32ml/L, JEEE A% 17 o/L, H&E& 1.5 g/L, NaCl 5g/L, KBRS 28 C,
BEE 210rpm, VR 30 mL/250 mL, HEFPE 4%, WIUE pH5.0. fERIESM T, RELRMEN
3.28509/L+0.0257 g/L, BARALATH 1.957 g/L #2551 40.43%, 5K ZEMALHI =& 2.9500/L MHLL, 32
BT 10.2%.
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M L TR A A B R e 1 28 R e 3 o

Balt hxE? redl sERAD k3D km! L
LIBE LB AR BT, BN 350007; 2HEELFEHLFARK, BEMN 350003

W HI: $EE5EE1E BOR-0331 KR A A M BB e K (borrelidin) & &,
Jiik: RFBREFESLL . Plackett-Burman 3256, fBENCHRLS . S OH G BT SEIR S ALk
BERE TR R S L o S5 51 MBETN 2. 4%, HEERE 3. 2%, "IVEMETER 1.8 Hit 0. 7% & AbEY 0. 1
B, R BRI RIS Mm%, S5k Sl RIFEREFREEMAL, BN 2. 2mg/L $2F+ % 35. 3mg/L,
E T 1504%.
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B 1ac1338 JRIRIE REEFAFIAL

N S
I HAAFR AR AMRFE ESFEMFFZ, SN 510006

W2 RERGGNRE, PR EKER, WG RR 7 mEG g, KGR B AR G
IRUF BIRE SR I, B AR R IRGE K R, AN AR BN AL K & 2 I R U K R HT 5o
BEHE—RTWN 2 AEs, ERRDBEREmIE. Tk, RIRE. SARBENEE RS, K
AMIAEAR T 2R () B ARG 4O A BB N AT 5, ERKARER . AR A RIS R 5
THHEE . AR, &SI TARE LA RS T T R A RN FANME, JCHAE R KA 5 T A
B IR H ATRR SR AL B ORI B N R 2 — SRR R, AN T 1 mE N
F:[H 1ac1338 7 Escherichia coli BL21 (DE3) HHIIFRIA /KT, Al UL BREGLE I K A 31 7 TH FFI30 7] 7L,
S FF i 87 TRV ) G R B 2 Ath b AT A AN . 14 56 FH Plackett-Burman vE 7zt 3 /NS MR 5K 1) = B 2%,
SR B (QL), WYl (Q3), LAKE T HI T4 B ODeoo nm (Q4). 4T 454 M B[ 40 4T, %2
ST DA B B A AR R [R5 AR, B Y=75.33 + 3.30A + 9.35B + 5.35 - 1.69AB + 0.80AC
+11.50BC - 25.97A%+ 1.83B2- 4.66C?, #iE Z% R2>0.9, HHXFEEIE I AL THE A 94.74%, etk A
N A=0.323. B=0.946. C=0.904, HIi# SR EZ N 31 T, FHFWAIN 20 h, 175551 B B AR E ODeoo nm
N 1.8, It SUM R 94.74%, R (R IA B 5K, L4l 5 FH BCA VA8 H & & 550 mg L2,
5165 (450 mg LY AHLL, FRERERARESE S T 22.22%. RIS AE S5 T SE A AR AF, U EH T
DIBERY ] Stk iy, o] B TR R B AR AR AR AL

S 3R

[1] H75%h, EFHE, M, 2, HHB, B ITRYR, 2010, 26 (1), 42-47.

[2] BiE, Eo8, 247, NHSHEAY ], 2014, 20 (6): 1076-1081.

[3] Zhang YJ, Li Q, Zhang Y X, Wang D, Xing JM, Zhejiang Univ Sci B, 2012, 13 (2), 103-110.
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O T okt A= 0 D O 34 B2 B Bt BRI 25 PR

% REhA HKH
B I RFAMASE S T4, 7 M 510006

TEEL: R IR L BT HERU SR S = s A = S T . et TS IREY, itk
] JBE B v P BB O A AR o B TR A LR AR . BilE . MEmy AT AEM N, Hh TR
HuEwy (DBT) &&ERmE, MMM, LAVNGHRASWIIIARRE. Haf\ vEed Tk w5
BRI N “4S7 @18, Z@B AT LE—UIkr C-S 8, ApUE —BREIERy (HBP) FIFEAR,
B NFE B IR B R SR R (R A BB

AW LL DBT VE B AL i DA K e — B, (E 96 FLBRhE T mn@ Bk, LURERES “48”
RUTEENE Y DBT FEfEA HBP MIBBRGEYD . M & T RAE M AR 15 /KEERIMISRE, Bk
M5, HEHA DMSO MR (BSM) #1TE %, BEJ5#E BSM+0.25mM DBT #5775 gk 47
I, TRk AEuE R IF L 32 DBT MBI . AL Vo/KRERIMISREAE BSM+DBT Ak _E #7554 K
R A RIER 6. LB NETE. “4S7 BEAEMA Y HBP fit 5 Gibbs 1 1%
o 2, 6— & (R KBRS NEAH BAEH A SCe il i, A A mas Rl R e, U P
“4S” BRI LE AT HBP . W45 2 AL Y 7E R FLEE A 200 1 | BSM+0.25mM DBT [f] 96
SR RE 7% 48h J5, {8 Gibbs W AVEAT R, K453 7 BRAE RN HBP B BiA B o 38 e RO (i
7%F DBT F1 HBP AT S04, i e BB SR AT VIS WY, H AT/ S 200 1 MRGE
YIaT{E 12h K 0.045mM DBT 1 T~ 58 4= PR Al o 45N R AE A AT 2 0 AR P i i 8 A2 AH DG Il 231 1) B Ay
by EFARW TRENEHAT T ooE, DRSS B SRR BE 0 rI AP .

SE R

[1] Andres Abin-fuentes, Magdy EI-Said Mohamed, Daniel 1.C.Wang, et al, Applied and Environmental Microbiology, 2013,
79, 7807-7817.

[2] L.Alves, S.M.Paixao, Bioresource Technology, 2011, 102, 9162-9166.

[3] Hideo Kawaguchi, Hajime Kobayyashi, Kozo Sato, Journal of Bioscience and Bioengineering, 2012, 113, 360-366.

[4] Shilpi Aggarwal, I.A.Karimi, John J.Kilbane, et al, Molicular Biosystems, 2012, 8, 2724-27
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BeoR B BER R 1A TR O Dh e R W SMNE B B & TR R

EHBIRFAEMAEEITAEFE, S 510006

WE: AMEEAEREWNRAETR S, XTFERES. SRR Tainigmm sy
FHLERE A R HAEE A A RRE RN QRN 2. B TR AAAET RE, KT
R i B R IA AL BB PR AT BT 5T B A R IE b

YRRV E A AMRE AR IA A P I E T TV E bR, SRCNANEE A SRR A A 7R &
TN G AR 2 R S i I A U B TR R ANR R AR R SRR, i E R IA AR UPR A
KEFHEEORTEKT, RIS BESIKERREINEE A RS RIEENH K. §HH
FUAE MR o 5 R I I e AR BEAH M b R I T K E AL A R RO TR T B 4 A K B IR
KR, WAZWEAR R O AL S D REREAT IR N, A MBI R /KT R FUAZ B A B 0 4t ffa 41
PRIt B RIE W FHLEEL

AREEH iTRAQ LC-MS/IMS F AR 40 Hr 8 4 FE /X Bk B A R e R BTg R M 2 3Rk, K
B Rk AR L R i AT 30 MZHEIA R A B R . 6 IE R R R 85 A R AT LR B 2k
P BE AR RE IR AR B ik, IR Cre/loxp e bsic i 28 52 1) FH 226 K] ol ok 2R e 7 2 AR g B GS115 15 =
T AT R AR R 1 SR TR AR I T 1 S DI RERT 7T, BCDI3RTE T ARPL22, ARPL24. ARPL26 %5 10 4™
EHERE AR E . W25 08 AR 40 f AL KA S AMRER A& RAICR, e ot T 2
RAZHERETE, o B R BRI B GO A A KA A RIRE B e, L T e 40 PR R 3R R K
W T B o IF 9 45 SR W I A W A B 1 52 M) 200 L A K R AZ AR 1 B 1 R 3R T e Dtk — 28 o T A b
PR R BRI PN D S TR 52 % B B R 23 T 5 T i 1D s T AR N RS R A B 1 0 B 2 EE R
T R 20 i A= K SR B 3R I B 2 TR AL PR it 1 Al

SR

[1] Lin X, Liang S, Han S, et al. Quantitative iTRAQ LC-MS/MS proteomics reveals the cellular response to heterologous
protein overexpression and the regulation of HAC1 in Pichia pastoris [J]. Journal of proteomics, 2013, 91: 58-72.

[2] Steffen K K, McCormick M A, Pham K M, et al. Ribosome deficiency protects against ER stress in Saccharomyces
cerevisiae [J]. Genetics, 2012, 191(1): 107-118.

[3] Gerashchenko M V, Lobanov A V, Gladyshev V N. Genome-wide ribosome profiling reveals complex translational
regulation in response to oxidative stress [J]. Proceedings of the National Academy of Sciences, 2012, 109(43): 17394-17399.
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7R i B R T R 1 2R BRI S L R AR T AR AL AR R O SRALE

& & & FRARF I KT
B I RFAMASE S TAE5E, 7 M 510006

HE. Bl (Aspergillus niger) fEEE TNV, (B S 24 5 A T BEAs A 2 A,
BEIIZMNA, BAEWEMRED 2. Bl Bt EEgor &y e i E bRk g &,
FAT A=A 2 0 T B, R e 2 Bl 5507 o S H AR =it 72 C 3R 15 35 B FDA [ GRAS TAIER, 2
B S N A Tl — AN EZL ) S AR B P i 36 1 /R R G AR Rl R 7T
AT R AR A E BB RINE. SEAEASBERERFMEL, FRARERTRRERER
S RE B A [ (B ] B2 2 R R S, ERAAA TR, TR % T TIE e TS5 A
fifi 2 N BT JUEE AR W R AT O ATF 70 A 2 — Bl = B A W it 2 T g /s B 2R e 3 e LA
i T A, AR — R A R B EE R TS, Mk T —MEERE m g R hE
FM N IR A M AR, FExT H 3R R IR DG B AR AT T RALE

DA RS T CwpA TR ERER, R BRI B (CALB) [ ik fil
HFIEAE CwpA 1) N i, 1] FH 28 th 25 P IR ) = S5OBE A8 /S 20+ 145 CALB-Flag-CwpA FRilth £ 1 )5
ik, PASFS GRAS AEFI A i 2 EE SR 1) L B K St i 3218 B A O S P 383 A% A i i i 2 it 2 B 1
SEPLT CALB 7E 22 il B2 40 M R 1 (1 v 1 JE s o SR SR AR AR AT S 5 D A I A 5 2
i 5 T 22 3 THI 1) g 0 B9t 1 P 7 VA RAIE T il B 1 CALB-Flag-CwpA 75 22 il 25 1 22 R TR M ThRE MR R
INFRIK . AR TRIA 45h J5, BEMNE R 2R R R R K ARVE T (AR RSB REY T R R 1E
NJEWD) IAF) 400 Ulg dry cell, A iE 71 (LR ZBEAE NIEYD) 153 240 Ulg dry cell, 7E TCH 7
A&, A niger / CALB-CwpA 24 fiufiAb 7R s X & il — RYVIRFEK FER IR IR 4 l8, [V
2h, CIRCHEE (C6) MHABERR LB (C12) MR IIER 350 IS ) 87%1 89%; %M 3h i flEHE &
fis (C18) FINBHIFRIELRIAE] 84%. ELMH A 5 LK, A. niger / CALB-CwpA 44l fbiml&
R LR RS AT ORFFAE 97%LA b axsegb Ry, Mtha e H R HE S 5 CwpA ifMER—
AN R 4H M 22 T e R, AL niger / CALB-CwpA 441 {4 77 JE /K FEHEAL AR Z o 30 A S
(1) BT T 0 v R A 52 1, 2 — VBRI S R S L T D T T SR v 5B o R o g

A,

e Z AN

[1] Olempska-Beer Z S, Merker R |, Ditto M D, et al, Regulatory Toxicology and Pharmacology, 2006, 45(2): 144-158.
[2] Fleif¥er A, Dersch P., Applied microbiology and biotechnology, 2010, 87(4): 1255-1270.

[3] Kondo A, Ueda M., Applied microbiology and biotechnology, 2004, 64(1): 28-40.

[4] Aravindan R, Anbumathi P, Viruthagiri T., Indian Journal of Biotechnology, 2007, 6(2): 141.
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HeREER: GPI U MUEE TR B B S RE T HT

ER NS
FREIKFAEMMNF HETAESR, S 510006

WE: PR NE AN EARERG, | 2N TS0 E MBS AR % RAL L 46
i, O BT R AR SRR R, RGP RIS BIRGR . R LR HIR Uk, thaivrE
Bl P CL AR R N . ARG H R TR . AR TRRE N S ] B R B B S 1 AR PR A7 [ 4]

2 B B A D A B EE B AL AT o, REMS AR R IS B [T, AR R A R b A R R A
RS, I ARSI E G R AN PE I [2]. BERFAnpuBE h =B A R 2R B-HI SR, L
THRAH SRR, AR R R, BRHNAREEEZ) 200nm, 73y T A R I
JBEER, AN BN E AN ZS R SL[3]. GP BYGH 0 7R T £ 1 W B AR AE RN 4E KR IE 5 41
TSP A o I8 I 0 S i B4 B DRI A oh A G 1) £ dEAT TN 20 A, XX R AT i S
5 TR A B MK X S T, e 24 /E HE AR B GS115 HH R HHL 50 /M AE 1) GPI U4 B 2 1 [4]; 4R 1
R I [ A M R D RESE R 5 2otk P IR R

i BRI RE GS115 EFAE (Y 50 /> GPI 2 EE B (b AT 2k PRI RRER, BIFTT 1 4% 4 PR B R s T
FEAR RIS N IARAE DL, AR A B BE TP A S VETG DL BRI BE 2 1 = 51 i i %
JIHRARA, AN E AR 2 R AR, (B th T A B AN AL A AR, AR A
2 B S A A S AP AN I SR (B o X A L BE B 1 A DO REREAT IR AN W TT, K D R IR B v 2 o)
WANRE AR M B E N S HE

S 3CHR -

[1] Rabert C, Weinacker D, Pessoa Jr A, Far Bs JG. Recombinants proteins for industrial uses: utilization of
Pichia pastoris expression system. Brazilian Journal of Microbiology 2013; 44:351-6.

[2] Klis FM, Mol P, Hellingwerf K, Brul S. Dynamics of cell wall structure in Saccharomyces cerevisiae. FEMS
microbiology reviews 2002; 26:239-56.

[3] Kondo A, Ueda M. Yeast cell-surface display—applications of molecular display. Applied microbiology and
biotechnology 2004; 64:28-40.

[4] Zhang L, Liang S, Zhou X, Jin Z, Jiang F, Han S, Zheng S, Lin Y. Screening for
glycosylphosphatidylinositol-modified cell wall proteins in Pichia pastoris and their recombinant expression on
the cell surface. Applied and Environmental microbiology 2013; 79:5519-26.
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HRARE CeloA R 7EEREEE K RIHRIX

iR R AR MR REFTT T !
THRFADIRFE TLEDHRATIEERDE BREFLEANHARTHELRRE,
TR 214122

E: Y B IROR BT K ARG 6 5 RSN JEMEIE(CBH 1) [l Cel6A 15 BRI R iy
RO BT L AOXL A1 GAP Ifil4% 22 Gkt FR R B~ B O RE R, A SCE IR Cel6A AT # 51
i PEPEAE, JEo AIFE AOXL A GAP YA MR R R h Rk . it — PR MR, X pifhEg
W AT RO . I LU AL 7 P B, X P 3RAS B2 B B AT Bl VR T . SRR,
Cel6A TEPIMIE RGP RSB IRRIE, BRI, AOXL 55 GAP JA & i#5 T~ i i
SrAERE T AR LA 6%, SElEE 0.26 Umb. Jdid B XS LL, K IL GAP 4% & Gk A ]
BN AOXT R G —F, HJa#H LI BT TN E . Bl AR 7e, #4 CBH I
B BOE R NVIRE pH 43939 60 'C. 5.5, HTE B0 CHAMF T Lh {REE 94%L) LG, RAEMHED
) S D14 SV

i HRBEAMING, ST, AOXL Fl GAP JEZI+, HeRrlett, MRS, KREZHAL,
Pt 2 1 o
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BT Z20 SN BRE R AR SRR LR B & N

T KEF SEA LHF
THRFEM ISR, L4 214122

B BRIEEELE (Saccharomyces cerevisiae) &5 ANJSAEVE B EAMHCH—F BAZ A, WTHT
AT 2R . BRI RE A ik RE SR R o, S IR 2 R ORI KRER R, fEHE KE CO;,
IHERL,  ROR BB IE R B 2 2, i P (1) B 20 2 P 45 W) T Th g 3 A ml 3 2 () 45247
= A B, I D BRIRIN N, W R R QR R, (E IR AR IR AR £ PR B R4 A
() A TR ZEFN =W () A R e . BRIPT I BEG 18  TH FE SRR ik R LA B 5 (R IR P4 R0 S5 14 AR A
P B L -5 (PID) 58 i) SREBE JC VA AR CRUE A M I 5 A2 K T3 T8 QIR FE AR e bz
BIFERAR KT o AR OX — 8, AHFFO i 7 — Mo B ) B S A8 o s hI 2R A B HaF2
B (Autoregressive moving average model, ARMA) WISz B Bl fER% 77 1 FL (K 3 J) 24 ek,
e 243 it L 53 (Differential evolution, DE) BLX— g M4 R AL SHIE SHRUE PID 475 il #5 AH 45
G WRAREERERE IR RS ) AR AR AR AL PID #3540, I FH SCRRFRTE (1) RERS 7R 55 A6
XIRRE PID 2 45 A1 ASHI S0 BT A A 1) 15 3 428 1) 2% 00 42 ME RE AT B0 R, S5 R R B 7EARTE PID 2
BN, BE R IR R AT, SRR BV BNIZ TG K, B5 7% 50 h J5 4 %5 55 4 26.70 g-DCWIL;
TE HE NS H SR T, CRER AR 2 pk A e s i T 8EE (1 g/L) FiE, %37 50 h 5 4H i
%% 34.45 g-DCWIL, WIS m T RI# . fJa, Rebndk PID #2685 A% H & N2 &8 H T SE R i AR
FERR AN Rl R IR, S5 R TEARTE PID 55125 F T, SRR BEASRME LARR e F 1], 15 7% 33
/NI (R A PR %5 B O 17.9 g-DCWIL; 7E H G A R, CREREEHIMERE B AL TR #, 9%
33 /INE S (P2 A 2 2 TR ) 24.6 g-DCWI/L o AT 58 Hp BT RA 782 (1) 1 3 I 42 i) AN AT LA - TR e Bk
FRILFE OB B g, AT DU A R B R LA AR 2R S A, 7R A RV R R B A
HAT ZHE .

SR

[1] E#, FEE, kiR, HEAY TRERE, 2013, 33(2), 88-95.

[2] Zigova J., J. Biotechnol, 2000, 80(1), 55-62.

[3] Gibson B. R., Lawrence S. J., Leclaire J. P. R., et al, FEMS Microbiol. Rev., 2007, 31(5), 535-569.
[4] Can I, Tosunoglu F., Kahya E., Water Environ. J., 2012, 26(4), 567-576.

[5] Storn R., Price K., J. Global Optim., 1997, 11(4), 341-359.

[6] Takamatsu T., Shioya S., Okada Y., et al., Biotechnol. Bioeng., 1985, 27(12), 1675-1686.
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O] S B 2 T P VPR T T ) SRR R SR IA R B S A TR I 9T

FiE EZER K
T KFAM ISR, L4 214122

2L MEVEIR g (Sialidases, EC 3.2.1.18)& —J/KMEbE T Kl AN ARKEZE A 0 oK v MEE VPR
HHREANUIREE B, RIS [1]. Horbo TR R YR ) VR R i TR TR 22 VR R 22 Y T
(Gangliosides, GLS) ¥4V NME RGEIRIETT AP MER IR & T H IR (GMD) [2, 3], FF A It
T B T B SRS S 1k I e 0% T RS AL GLS A G ML I W Vi R 5 B2 H AT 70 A 8 o

AT TR T AL T 0T o R B M VR I NeUAS ) K I AT 18 R IA # /K pET28-NeuA3, i1k
545 FE. coli BL21(DE3)E % SHIPTGH F0.05 mM& 1 F16°Ci39 h, MINiES 1 MR L L
NeuA3[JRik, Hl i Bk Aifb IR1F ARG . B 70 G I 2 1 o R I, X -2, 33 i UM VR R
IR & T o-2, 638 L A MEVR IR . hAh, Bt BT RIFIN &8 S i 52, e H A
SRR SR MR e R AT . MR R T B S A T GLSIAE Wik, I GLSH 1 AGML, it
TEN A JB5 I 40 ML Y TS-115 72 B2 HR AR INeuA3 R I, B 1IN 3G 0 7 Y TS-140 g FIGML &
i, H AR TR RE TR R

EEPEN

[1] Chen, X. and A. Varki. ACS Chem Biol, 2010. 5(2): p. 163-76.

[2] Fukano, Y. and M. Ito. Appl Environ Microbiol, 1997. 63(5): p. 1861-5.
[38] EHEH, ER=, TEEZLEDHER, 2010. 5(2): p. 139-142.
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—% PCR AR RE RN A G R AR

A HER MR EIER*
T KFAM ISR, L4 214122

WE: BHENEDEINESE, SREDHAARE TREMZ OS5, W 2ZNHTEREN
20, s, WEWE R, EERAEMREINA . AT, ERZEAEN A, RIAMGHITER R
PR, AROHOBRE] 7 EE S MR I T IEA, Bk, 18R Z0 R IREEEAT N Tk Al s «
BEALRAE (4 5 PCR)Y SR RE Wit 7 Xz —, it PCR A2 o 51 2k BENL I AE &5 4, iF
1 07 126 BRAR R RAL A o B J5 75 L L b R R bR (1) & P PCR AR 51 N RAR rUdE A58 PR R AR
E RS FERHR A DA R BRI AR B & 55 778 2RI, EIRTE AR I R s 2 FE D, 77
AR Z A ERAE, TAEREKIMNHBERI.

MR A2 AR TR XS A BSOS AR 1) 20 5 A P89 B TR X s 45 22 (R I 3R 8 /K P T 4
by AR S TN A B AR R OB ) O R AR A LR, I ORI PR . 2
BUE IR . R, W RA OISR IR K, AT e 2 T B A BERE T IRR SR 40 B A K B
H, TIABEMRA L AR AR 11 1) 1)

Rk, SN T ok BIAR 5 T 108, A 78R H “Rapidly Efficient Combinatorial Oligonucleotides
for Directed Evolution” (RECODE){&4l PCR Hit 7515, &G REE DNA PR 5| N FEAR I (1 H- 55
B BAEIE NFIMBREE), 454 #H DNA R4 BEM DNA ZEE S 511 PCR #VEH M, REEH
ZREEN IR S R SR, BRI AR AN B R R AR I S . fEARRR T, @R A
RECODE iR, FATHRIEME | — AN E3hTRAE GETETEH 8%-460%), UYL —VERE Y]
JREREESE AL T — NP RIS (RIS TR 489 MEERIEAHFRINGIANT =+
ZAREERIIRA) . RIS heme & BUSEIIEBN T MRS G AL AIEGIEATH G RAL, FRATSE
BT S-aminolevulinic acid (ALA)F & 20 f5HI#FF (2500120 mg/L). iX st J 78 /bl T ,ATTTF K
(1) RECODE 7 AR 1] LTz N T-HR e . AR TR ARG AR 4 2 ko
IR T IR BENL AR 2 R A AR TRE s v i o, T AR iR R RS, BT
PR B RS, REERRSMRE S B8 T EAll, R, S5& A EME M
A AV, FEE G T B R AU & BOSAR (1 PRE e g R -
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¥l R R B R A3 DA R R B kAR R AL

WL REF AR
TR AM ISR, L4 214122

WE: ASCHETE B 0B EA R R R = E k. 7F DAL I KT B BL21(DE3) AputA )
Ffih b, R KT B 1 sucA Conid 0 BRE AR EL W36 JE K 4 N [ 0-4-F2 (LB IE A Chyp).
SucA RILMIEHEIL TCA MEIR T H o-F K IR BNBRR &R, 1M LR & a-4- R I L E
R, Lh ol BN ILRRYD, A iU s-4-F2 I R AR, WO PR A R 30 2 []

N TCA TG R AT o-FF % R BIBRHR IR, 8RB E A KER . 2 JFH N FhE
pUC19-Ptrp2-hyp-vgb (pUHVT4), HIIAFRWEEIFRIAE, &5 L-IRE IR EAE. A Emk
B 268 35 °C, 220 rpm, WJUA pH 8.5, HEfhiE 6%. KFERFREL: Wi4IPE 17 g/L, KKK 59/L,
Wil 5.5 9/L, Hh 6 g/L, BEERE 4 11 g/L, &Ab45 0.005g/L, ilR%E: 19/L, Wik 1mM. 1E
WIGG I BRSNS 100 mM, KRB 12 h I8 R IR 208 77 o 1344.1 mo/L, 2 RALHTIY 5.53 A4 .
5 KIHAT# BL21(DE3) (pUHVT4) AHXTLLET &, e~ R E iR L AR — e k.

PN

[1]Byung Jo Yu, Bong Hyun Sung, Ju Young Lee,,Sung Hwa Son, Mi Sun Kim , Sun Chang Kim. FEMS Microbiol
Lett ,2006(254): 245-250.
[2] Kirill A. Datsenko and Barry L. Wanner. PNAS, 2000 (6):6640-6645.

BUAENE, 4P, 227, BRkaE, A5, EIERE, bz, 2010,37(6): 923—-928.
[4]HE 4, XUk, VRS, REk, REE, BT, ER K2 (AR F 22 K),2009,40(3):461-464.
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AR AN B AR B R BRSBTS B

% #Wm XNEER B atti
ToMRFAEMIEFIR, L4 214122

T2 AT R OAWE T 5, 2 HIEHIE 0% « 30% « 50% 3 AASE/KF FEET A
B, HEHT T IX 3 FIEEUKSE T A ZEREEAT B BZHOO1 i i A2 v RO AH S I A1 S i Vs 1) A2 4K,
I8 A Fe AL Fe AR 25 R i T 2 5B AN G AT RE P OGRS R i) BB . A0
BE T W R IR R EA Y & B ) AR g T 7%, BRI TR TP A IR IR
REAERR. o BB, ALRMITIRRS, I RIS R 7%, AR T B BT T
BZHOO1 FUMRE A Ao (8IE UL ESKIeR B ME R, VA A 0% R AL K2 210, BN = A
SRAE NI 44. 7%, (B JEHIFEREIE AR, —RIRMEHIE B B AR . FEIR & B Py
n, FLER. BRI REZ . o A R AR AR N B OREE G A AR SRR, R4 30%
AN 0% R E NI B G, B A B VE IR T, s #) 0.1008,  H PR T e
ARG . TR 0% N, AR AU B AT e A7 R M AU B PR, P SR I B B 5 T
e, SEFEAE ARSI A TCA 3R IE g te e LR B g e, AM T AR R s e
FO6RE FE PCR W RN K BB R HEAT 1 RIBH o, ATAE RER bt — b & AR &
A2, RN A AT A iR, A E R A A i RS H )

REER: WARETE, WA BEE, CEIER
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=B R B SRIG IR B Mycobacterium neoaurum JC-12 S — 4% —
[ e = 02T

BREA K. K2 BREE BMES REW
THERFAEM ISR, LY 214122

W2 SEBEERAMETE T a b EA SRS ZY, HEAIRBYURG. Judi. 3t
e MPUARTE 2B, IR SR B 2GW[1] o e S s — A2 BAT RO F ) — Rl
RGN, A SRR E Z A P AR L —[2]. oAk G e i 0 A 2l 2 00 &
REKTERI . (B R AE BIER A RINE R REICK . FER AR (07 R 8 ) [3]. 1952
%, Upjohn AR KI—DRT 20 Cu BWTTERI LRI HE, BRI R S AR 25—
ANHLREMR[4]. MUt BRAEPDEE AR LW D0k, RO B AR B SR EG W R I R 5 ) E B4R

BT S T 20 T A A R LB S s T O B A AR b (9 & Bk 11 = 406,71 R H &6
I3 TERT B e AR D §55 - P 55 0 TP = B AR OR B [8] - 9 T 2 e 4 8 7 ST v e AU AEL 4§45
B RORE S ) I e, 7B 5-L REEE L, FRAOTEH T =M Bk B . H—ME, 4]
FH SR AR R E LA SR e B A P A K o 248 ) IR A 0 T R () AR R AR e i . 5 I B, DN i 2 b
N BRAA A TR B2 (1 00 EE PR RIS, R ISP IR TR DA T A0 o ST, o B8 0 — Iy 7 s 13.0 gL,
RIS 168 h 4%y 120 h, M 0 B4 7 2 A 0.071 g/(L h)#& =31 0.108 g/(L h). 7EIL
et b, A TP S A R, AR T =B BOR RS . I 2 =B B R
Yy, S 0 RS 18.6 g/L, XS SCERHRIE Tk S T IR B

SR

[1] Marina V. D., Olga V. E., Applied Microbiology and Biotechnology, 2012, 94 (6), 1423-1447.

[2] Zhang, W. Q., Shao, M. L., Rao, Z. M., et al, Journal of Steroid Biochemistry and Molecular Biology, 2013, 135, 36-42.
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TR - BRI B BHE S 5 SRR S S LR R AL IR 5 AR

Tk Tl AP
IWAMBREBIARZTEEIE, AWM IAFR, THRF, LY 214122

. NEHA)-TEE(B)-LEE(E) KB, faifk ABE KEE, /=i 2nEa. T A /RS,
12481k, A% ABE KEERIWEFLEEA AR IS E 18 m 7= W— T RE =& & T RE/E S s
FIT 7 F BRI AT (1R, i R R AR ) IR AR AN SZ B . PN T B0 B A S A A AN Rk
TASTRRL A IR DR 1E Sy S BRA S R B, AT DA i S0 R e e e L ek A 3 M4 (NOx
SOx S5 WAk, PRI Wb SR, H AT I L — MR AL = BRI sk, IR A |
SEAMEEANTT AL M) A JFORNE A 7, AT R R R AN B HE AT AEAR K i /I8, 46f DL b o i,
ARSCHEH T AT R T BRI I REVR A 55 IR R A NS TR 9K R A 2B 0 F ) R B SR o 4 TR T AR 1 (C.
acetobutylicum ATCC 824) & B¢t N P~ VA7 W15 (~24 h), RN N 0.20 g-DCWI/L-broth 3 4 iR 18 £
A1 4.0 g/L-broth 2R, Fe& W T I PAERIR AR/ T B2 LG 4 ik #1) 13.91 g/L. 8.27 g/L A1 0.59,
LA LL 2 AR = 19.6% . 41.1%F1 18.0%. FEIGFISLIG /3 Hr vl 0, 12 K T SR i T SR 1) 4R 1
AEAERNT B R 4 PSRRI 40 s T UELRIE T B IE R & AT ~, &%) NADH F4: .
BN BE & R SmAL TN B AP0 1, 1T 40 35 20 ABE R IFETEBE o« it — 20 BRI R B SR AR
TERERRT, FIH O KFE LGRS RS R ORI PTAT YT THEFE, 45 R SMR BRI (1)
LR R IS WU , A IR R B AR bR ik 5] 14.23 g/L.8.55 g/L A1 0.60, 73 B & 22.4%.46.0%411 20.0% .
RS O = T A AT A A R A P R AR ) ) PT REVE RNV TR RE T, [FIRS tRAE1S ABE K
P2 7 i SR RS A

SR
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FEIRPEN £ e R BRI B 1E

HEE MK KETF
TAHXFENIAEFIR, TLAEADBRAKFTHELRDEEULT EEBERAALFIELRRE
T4 214122

T2 AR AL R CBAT WP HAREORRI L], DR AR ZT 4 2K g A S A A
7. ATREAUERE™ &R, FRIRHSRA, AR KRR RUT-C30 DA R bl I 7 A B 4
TASINTERBE, X SR BERAS I M AA IR AT OO, R RRR T U R S OB . 4
REW], Z96h I, [FURESRTEIN 1.5 g/l 158 RWE A 21 4 2R Mgl A2 AT FY 1.85 U/mL 2= 2
277UImL, BEHIEE T 49.6%; LW Bl Ay re SBE AN RENS R AR 4t i iy FL2E A\ 240 ffJ= 1)
B f =) RE RS SR RIE . Ik, TELF4EREG Tl A=, & i ns REa R T B s 132 &,
TL WA

SH R
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[3]Liao H, Fan X, Mei X, et al. Production and characterization of cellulolytic enzyme from Penicillium oxalicum GZ-2 and
its application in lignocellulose saccharification[J]. Biomass and Bioenergy. 2015, 74: 122-131.
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IMF WHIE A MR REF
# 214122

2L I-4-F 2 5L R 2 — P Al T8 I A2 A B PR S5 M ot . lad ) Lz
PRI -4- AL BEFE D AR A LT, FRSINRER R EEZ) T, W —HRaERIE LR R -4-
FALEE I E A R IZAT T IM109/pEHCA, M AT LUK B 1K L 22 B e A -4 -2 - L - il 2R
SHZEMREAT R R AL, B FRE N (g/L) « H4&FE 10, Hih 10, EAM 10, NaCl6,
FeSOs 7H.0 0.278, L-HUIRIMLER 0.528, (NH4);S045, KHPOs 1, MgSO4 0.2, CaCl,0.015, L-f{fi%
TR 4. fEmAEFAE T K 12 h, E-4-32 2k - L- il 20 BR 1Y 7= Sk 2] 657.08 mo/L, ELfiAbRTHEm 1 3.76
%5 1£ 24 h B2 5153 1582.75 mg/L. B Fi 4 A M-4- 52 58 L- Tl 2 IR U e Ak AR = 1 gk T
S Aitt o

SH R
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JE T g ) SRR B B (R IB AR AL

I RBA MW HEk x ZER*
THAFERHFZERRARELERT, L4 214122; 1HKFAMIAAFR, LY 214122

L. AR AR R B O R P 1 B M S P 1 2 SRR, Ja e AR O A s L M A e R B
(Pichia pastoris) ZrihgRik G ilE, EHFAENHFARAEER . N T HRBESKFE
IR RIA &, AW AR 2 BEAR TS A (CALA) X%, FIFHHihEE-3- R
WA B 3T pGAP $RSHE 4 CALA 7EEiflbe R B b sl 3Rk . eig A S
BEFBXT CALA EEFAATEM T, B R B A RIA KPS & T B LR
1 (AOX1) ] GAP (pGAP) JazhT, & CALA MIEfREERHAMARILE RS B4
4 pH. VIMHH AR ST, RIEIE pH A 6.8, WIMEHE BRI N 25 g/L i,
CALA F@idik 2 5em, N 420 Ulmb; B 70 BTG 107 0 Tty 5 o 2 T A 1) B R 2 1A
Ky JEI P R RR IR AT DURE B S K, MR 250 rpm,  RRGEEERTE Y 834
UimL; @i R RS BRI 5k, 1R 1R % 2 (Zeocin) P i iz =i+ D1 4H 1
PR, K15 Tk CALA-3, ZWARRILE M ITEREE 3452 U/mL, BB BRI S,
BTG HER T 75.8 Yo ASON AITAE IR JE AL ER RS 7 B o EAT DAk LB R ) 5 8 A 1R ik
P T EAAREE N, (R EARIRAEK . AR EPANRE ARE R, [EEEDEER
TR b Ak 2B 7= 5 B 5Bl

SE R
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[2] X. M. Sun, W. U. Han, B. U. Xiu-Juan, et al., Food Science & Technology, 2012.
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B4 PCR SR ERE T R-4-F2 2 BR A H R KM BT A
R BER A

EEFED MR REFD sagg!
IHRFEDIALE TLAHBRATHELRBE BRFHADBRATHELRRE, iz
7R 214122

WE: RAA-BHERE —MZNHATEZ. (LT, sk, EIRMSEESTE 2R R
IME/N S AR IEIR 1 E F A Bl AR P I R AR VR B AR R B 2 B 1 e L R (R A 35
EMAYE ez R, N T iRE R 4RI R &2, AR 5 PCR HARXN K B R 2R
(Dactylosporangium sp. RHL)[¥) il IR -4-F AL B L R AT BEML IS A, M3 T 78 K AT B b 1) 948 1k
J o B I BB VA B IR O N R R T TR AR 4 S N T VR TR e R - 4-FR IR R R P AR, SRS R
P71, Hy= &g m bR Bk 109.8 %. N T —b¥tm kX -4- 2 BRI = &, 8 i i B VA 5
51 E.coli (DE3) P71 (R B MEATOAL, B mf o i S o -4-F2 Tl U BR 1 B e R P 15 9 3k
M 20 g/, BEERENE 7.01 o/, BEERE AP 2 g/, BiFER%Z 5 g/L, NaCl2 g/L, #RlgE: 0.02 g/L, &
1655 0.2 %, L-flZ B2 11.51 g/L FIRREZ W4k 1.41 mol/L, 35953040 5 1 e R-4-F2 Il s e 7~ & 1.59
o/L, S5 ALHT(1.07 o/L)FH EL$2E 5 T 48.60%.
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FIFAEA B. subtilis 168 T RMEM N EEF” L-BER

AN HREIR BHESE KE RBRER*
T KFAMIAFIRE, L4 214122

WE: L-BERE—MEENIEEAREAER, BRI EZEAREY)R. LSRR
I A UK SRR R AR S . (BB T = MK, B R sk s mi 78 Tl A= B2 2R
il

A —Fh s ) AR AR BT L- S @R A . R argl JEHR gAY, RS ElL
L-FE S e A R L- S S B AR . 4k 5T Bacillus amyloliquefaciens B10-127 1 argl % [l o [ &5 2 4>
A FEBE PR B subtilis 168 H, 4 ) H ARG B ZE R BEORE SRS 115 21.9 Uimg. RS SRRV
Sk SR W BOE IR E A pH 42514 40 ‘CAN pH 10.0, Mn2* X i 2 BRI 1) B HL A et e Ve o
ISR B AR YR, LR ERIE R, XAk R0, fEmERFENRET
BEAT A4 AGVE AR 7 L- SR (E 5-L K IEE R A o LN L-AS SRR ems, B4k 12 h,
4 -SRI = EIAF 356.9 g/L. ASCHURA AR A T L- SRR T iE R AR, 7
WA = SR, N A AR L5 2 R B E BE Al

SR
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Iyl E8%
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W2 AR — A ARG DA IETER, il 1~2 DR R L
B FRIEHENTIR PR o AL o B2 i A e A 7 (KU B — RS2 R, (ELR AR A I3 21 1)
FHEREAACILG ™ E, AL TZRI%, T RIS, Xt AR — ERAE) I R
FEJRA . W FER T R AW AR A AL AR 73 -B Fe i R 1) 2 BRI AR A K A R R B 8L TR
1 AR AR R 1A Sk £ FVE FH o ARSEAE I IR AR IR AL RSE, AR H- ik DBl , 8 A W R S
155 B EALIER, SR AR TR AU E,  MTTD SR 2 i (0094 B8 A S N o e pIE A I i R A
PR BB SR MR, 3 SRR MR 107> &, I ELIE I PO N R 17 1R il Jm e A 7= ) B 2
R ISR RFE DL R A RE T, RN TE, BT 7T SR 2l i A B B < ¥ e - 395 T ) B

SH R
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Significantly improving the yield of recombinant proteins in
Bacillus subtilis by a novel powerful mutagenesis tool

Yingfang Ma Wei Shen Xianzhong Chen Fei Xu Haiquan Yang*
School of Biotechnology, Jianghan University, Wuxi, 214122

In this study, atmospheric and room temperature plasma (ARTP), a promising mutation breeding
technique, was successfully applied to generate Bacillus subtilis mutants that yielded large quantities of
recombinant protein. The high throughput screening platform was implemented to select those mutants
with the highest yield of recombinant a-amylase (AMY), including the preferred mutant B. subtilis WB600
mut-12#. The yield and productivity of recombinant AMY in B. subtilis WB600 mut-12# increased 35.0%
and 8.8%, respectively, the extracellular protein concentration of which increased 37.9%. B. subtilis
WB600 mut-12# exhibited good genetic stability. Cells from B. subtilis WB600 mut-12# became shorter
and wider than those from the wild-type. This study is the first to report a novel powerful mutagenesis tool
(ARTP) that significantly improves the yield of recombinant proteins in B. subtilis and may therefore play
an important role in the high expression level of proteins in recombinant microbial hosts.
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—MHETAENEFATENRER-IIBERRAAN R RERE
ARG ENMAH

M HBER HRE RR*
Tl kF AN IALER, £ 214122

E: R EEAAT B — M RS AR P SR S 2 A, 0 B R i R
PN BGEH FR B A27, BRER S AR R IR R GE A B T AR A R AR AN B i H B 7
B HHT R MICRIE RGP U DU 2 A AR R IR SE R K M BR AR DA (48 K8 o Rk
RGUESHERR SN . BATE AL B 2F A IR B R (ydeE) -Hidia (ydeD) RS 17—
ERERBIN B MPRIER G . BRE T RAERNA LB AREE THEIT Py BRREER
FEIA ydeE MRS B SF ORI T PR 0 2, I I ANINAS RV BE AACHE SR 06, 18 5 R AR E A 1y
T 29, REWTES A S ERRIRNUIEE (R3320 BRI I015 68 RNA TS B0 A A K A5
T e s 7 o SR 3 3k 76 A 0 o b A e Y Rk Hi 3 R R I ydeD 1 ik ik, iR
MIRIE A SRR WS AP BRI 5 H KT 2 /L RBEETFRFA T, o g B AL i 55 FURLAY
WIRBIN R RAIE ML A, 52, RR T 57 DU 32k B Ok i) B2 1 2 PR 2 3R 2R (AT Y
RIS . AR ST 2 o/b IR, ZARGREW I E AL 100 AU AR A LR
K EK . SHAPAERMEMYER g RIERGMLL, RIZEMBRIERGEE] T EmrE
REME L HA Y. DLESCIGSs RERW], 1% S JaRiE R GRS I T i Sl ) AnAC ™ i
A7
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EiT e R R R E Staphylococcus aureus SRR o- 2, B FLEE i 3 B
HIER P 2 1

KE AEKF HREH BHEMS RER*
TRRFAENITEFR, L8 214122

FEE: o- CTRFLIR RS (ALDC) R DLIE I PR R 2L 1 A8 RS L (1) i o AT AT 22 4
B 1k Bacillus subtilis WB600 H 7= % %14 Sk 5 T Staphylococcus aureus L3-15 (] ALDC 4% 3£ [X] saald .
SDS-PAGE 7118, KIET S.aureus ] o- ZBEFLER IR ES (SaALDC) fEH A B.siutilis H1pL D
ik, RABLEMZEMN 44k SaALDC, £ 45 T, pH 6.0 &1F Nl % e i - BERIE) 1122 S50 K AT Vinax
308 17.7 uM 2.06 mM mint. BT 7ERER AR = B2 pH B, SaALDC TERR T 6 FAERE,
DA R AT 3B 52 A A SR iR i B R T AR 1 o [RIVR AR 0 AT R B 48 K52D fE 2R (A R i = 4E 71
HL A AR N43D 5 A Bl R IRk 2 [ T R A8 5 I . 4 N43D Al K52D T H AR, &
ZH M SaALDCnasp-ksop IIIRVERS E S B R E e mE, 76 PHA M4, EHRAR- K S 3.50
(JEIRHEMN 1.5h) fE 5 L KB, B4 B.subtilis i1 %% SaALDCnasprszn, G A3 135.8 U mL !
R JE AR (0.42 U mL™D) 11 320 1. AW N LA B.subtilis ik TE 30 SaALDC FRAa & M 2 =4
TR RS

SE R
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18t 8 NADH A1 NADH/NADPH 2 B4R EFHTE F 2
BIRA 2,3- T B Lo

RIEH O KE KREHE HEM RIA*
TR RFAEYIAEFR, L 214122

B CABU R AL R 2F AT 1R 1) 32 ZE PR AMRU =4, Btk DLAME A — 2% NADH 2 (&1 =4,
JeHAE 2,3-T . ARWFFAE M TR 5k, @it S8l NADH [ 11 NADH/NADPH (#1154
B, SRV 2E AT B AU P AR, AT 2B A . %, RN FEEAESRIBIR, AT
DL AN [F] () NADH/NAD* il E AT 2 AR AR 00 7= 26 o LA 267 48 071 260 00 R TR VR S 0 R R, v
PAF=AEAIRZK P () NADH/ NAD LG, 3E T 42 i AR A 7= & 1 ) 7= A Y 3 AR . Ol 1 48T R R B
(1581 T BEAE N SRRt 1T DABEAIC NADH/ NAD* LU, AHIEFEnss T iR e iiig 12, B8itm 7 oM
WA P e G-k R T 4 B DL AL A B AR IA, W FEK A A ) NADH/NADPH Eef] (1.9 %) Fi
NADH/NAD+#LLB (1.7 £5). bR bR FR 4, TREW AT LA 248400 43.3 /L, 2,3- T ¢ 1.7g/L.
I P A DR 7T 1 R s SRS SR 2 B AR, BB T — o (1) SR SR i S AR Tl Ak R B A =

SE R

[1] Zhang, X., Yang, T. W.,, Lin, Q., Xu, M. J. et al., Isolation and identification of an acetoin high production bacterium that
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T 2, 3-:%%%?@%%%2& J R IR £ & B2 K

A OFREE R4
THERFAEM ISR, LY 214122

AL RS R (ccMAD J&—FiiiAR . 2. ARG E R, —RASEMER O
BRI 2 — W R IO B AR A 2 B T SRR ) 55 B A A I WU S, AP
BIEATT TR I RS 46 PE 520, BERER, TS YeRRBI M "™ . TN, B4 B oa A E ik B &
AU Y, A FOEE A TRETEB, AR E T N LHRENEERE R, 2@FFER. 753008,
SR 2, 3- “FREEFEWER (2,3-DHB). 4B Wy I, -k BRI EM & iR . NSl
SR, IREEACUT LRI PR R L ORI 5%

BAE KA, S FR pACYCDUET-1 £k 2,3- "R E R H BB AREF (EntX) FI4LZKE
Fy-1,2- XU BE (CatA) FER, 4% 2,3-DHB £45% 2 ccMA [ & gz, Hk, @i
I HIE T TR A (EntC) . 74> X IR ZL R (EntB) Al 2,3- —4-2,3- ¥R 5 R I U8 (EntA)
AR, SR E A R SR E] 2,3-DHB A BUEE . FHK, AT iy R E R T2
BRI AR I S i, o 3- M 8-D-Brl R A B AR & A L] aroG JHEAT 8 SURAS, RN SR AL R Ak G b
FERLIR I ARG aroL, $RAFHEAE Im-5. REKEE™ ccMA IREE 605.14 mg/L. fE 3-L KEFGEE
TP RS, K% 50h J5, ccMA F=aEiA%] 2.88 g/L, {H1a]4) 2,3-DHB &% %) 5.89 g/L. iEid
BN EBERPERBETEHERIUME, 8% T kL pET-XA (34 entX fil catA D IEK, K% 85h,
[ 14 OD600 1A F| 148, HAK il A% 2,3-DHB, ccMA K EiA 3] 5.76 g/L.

SR

[1] Kathleen A. Curran, John M. Leavitt, Ashty S. Karim, Hal S. Alper. Metabolic engineering of muconic acid production in
Saccharomyces cerevisiae. Metabolic Engineering, 2013, 15, 55-66.

[2] Bui V, Lau MK, MacRae D, Schweitzer D. Methods for producing isomers of muconic acid and muconate salts. US
Patent 20130030215 A1, 2013.
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A BERE T A B RN R R KB T R

THEEY FEEYT 2 mmfg!l
Vi kA ISR, L4 214122 ; 2 LA A&FH LA RN S, &1 255000

T2 AR A B R O AR A A P A ST AR R U M) Ja 8 R B B, — IR
NN RARBEAT IR o AZ PRI A B I BE RN D B R B, e A R A T R
fRIBsIE, R B BE RO A RS I A P I RE P R R OKHR ISR, CREFRIRAEMIEE T IR M A7 FEAS

ARSOR R BRHABR TR AT B LAAS ERE T A I RO IR B 27 T R o A2 EUREAN TR B P2 R
Xof R P IR A (R RR il B, JEId Plackett-Burman U567 i HXT BRI BT BRIV 2 EE RS R 3
NaH2PO4*2H,0, i [H F e i i HoRi& ik By 2.8 g/l 7E 3 L REHEE LREAT o0 St R AR EL /4L
IS Lh 60 g/l IR L X A7 M I A e IR O el 7h it 46.8 h 77T R 40.5 g/L; KA 30
/L I B R AR A B TR AL AT, T AN IR e A TR B A I A VL) S S AT AR 2 b A I
T ERRIRIEA R 55.0 g/, SR 1g/Lh, BERRFEALHDY 083 9/g. ZRRM: LUA ERE R K I
PR IER A BT T IR, MR R HE R Bt T te, BA R RS AT
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A AR R R FEY R R R B R SRR

R EH*
BT Ik kFAHER T4 E, H% 210009

2. RIEPER (surfactin) A& 2 UM B &8 7= A I NE IR 25 A ) R s PE 77 . Surfactin A R
IR ENEYE, BEdE/K R M 7K 77 H 72mN/m FRAEE] 27mN/m, Hils iR SRk (CMCOME T 20mg/L,
HEAM iR TS5 i Sh8EReE, A RAUREA R i8S AT 5 [1]. {2 surfactin 1)/ 21K,
AP AR S SR R, AR IS R HE) T S2 BRI . [ A FTRIE ) SCER e surfactin (SR FRIEZ
CLE & iR, BRZ HERINE O R, BEEE LA R 5 & 51 AR [2] -

AHITFE ARG B 2F fOAT 1 BS-37 VAR WAK[3], AARKEYBRIE, DL B /K R B R ) 1 PR TR
RNEIR, R FREAL, FAREERFREA N RBE (209/L) PIBKMEER (1.5%, VIV,
TR (0.20/L). MFRWAL (0.02g9/L). BEMR —Z4 (1g/L), pH7.5, REH/KE% 48h, surfactin f= &
AJIA 500mg/L. 5B RS TRARR I F S NARKE, (HAAAEIR. LR M. 5-F2 F ARmmE
SRS, Rtk — D FT 1 RS AR KA B4 dI 0% surfactin (520, 45 SRR IIRIKR 1 &
g (1-3g/L) mf LAk surfactin F4 A, surfactin = B4 12%; IR MG AN 5-32 FH A o] 41k
surfactin (K& &, FAMHHRE 2 HI7E ImL/L. 0.6mL/L A1 0.5mL/L, DX RS FT#% R AL R o 75 4%
il R EE . DA EE I TS RR K AN IR ORKE S 540 209/L), LR BRI
BIE (1.5%, VIV), FEIfKEZ 48h, surfactin P~ & A1k 480mg/L.

AR, FEARE R /K ARV A R AR 2H 23 T LARCR surfactin I R0, P Bk il
PR 5 ) 78 0T LA surfactin & TR A 50U, R FH 3 9 0 B 1 1100 8 oLl J 3 A A ot 8 U ] LUK
FAI% surfactin 19 & 97 J5UR AR, #EZ)) surfactin 784 il T RS8R S H

RKEEIA:  surfacting AWE, FEFT; PIB/KARR

SR

[1] Qiang Liu, Junzhang Lin, Weidong Wang, He Huang, Shuang Li. Biochemical Engineering Journal[J], 93(2015)31-37.
[2] J.F. Pereira, E.J. Gudifa, R. Costa, R. Vitorino, J.A. Teixeira, J.A. Coutinho, L.R. Rodrigues. Fuel[J], 111 (2013) 259-268.
[3] Zhu, L., Xu, Q., Jiang, L., Huang, H., & Li, S. (2014).PloS one[J], 9(2). e88207.
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SMIREI NTEBERE & e /IR B T BRR B DS

JE4El RFHL nx T FAed
IR IV KFAEY SR IASLRE, §7% 210009, 1w I kF2 T 58 %%%, &% 210009, !
mw L kFHFR, @ % 210009

WE: TERARWAE N — Rl B4 25 28 1 v] LA ot el shn e AR i il AR P (B, BT
TERARE X TR AR SR 2 822, WRITEIN TY P ELZmE. & AU MRRMETESE— RIE
Bk 7y, DA BEFR—FEE T BRARE LS LR 7. e —F B S B R
R B, fEmER. S8 EBE R K TR R KSR S PR SR AR AR 4H PR TR T BOMURR (1 OR3P e,
AR R A T ARG, IR ARG R i385 . Al 7 —B
S [ T A b A5 S ER B (Deinococcus deserti) 0 & A (trehalose synthase) JE[,
HE AL T RRIR T RS2 T I R RIS . RS R, SN S NG BOSE, 8T RR
PR LA NS S RE ), BN AT R 2R 500 molg AT EE . MOPN A R EERE, RS T e B
A2, @SS 3 h, HA RN AE TG R I BRE AR = T 10465 [N, RS 72 h K
W je, EAREKRN T IRAT 8N 36.6 g/L, 7=F N 68%, T 0fHEALN 39%, #mii—fE. b,
4 pH f£ 5.0 if, FEARE R CFUML Jy 108, Tfixf B 104, JFH, BE%E pH tE— i, =
PRI CFU/mL 3583 i T B AE B Ak, RV B AE KR SA . SIS FAE T, 75 T IR I
WS NIG A & AR, AT DU SR B CR I R TUR ThRE, AT 32 = T 2 4 i A

SR

[1] Zhu, L.J., Dong, H.J., Zhang, Y.P., Li, Y., Metab Eng, 2011, 13, 426-434.

[2] Kalscheuer, R., Stolting, T., Steinbuchel, A., Microbiology-SGM, 2006, 152, 2529-2536.

[3] Masip, L., Veeravalli, K., Georgioui, G., Antioxid. Redox Signal, 2006, 8, 753-762.

[4] Nicolaou, S.A., Gaida, S.M., Papoutsakis, E.T., Metab Eng, 2010, 12, 307-331.

[5] Fiocco, D., Capozzi, V., Goffin, P., Hols, P., Spano, G., Appl. Microbiol. Biotechnol, 2007, 77, 909-915.
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RIEE RN AR R Bo REEHIR M

Ry R BRE IR
AR I kFAMmE TSR, HF 211816

2 WA E R AP A5 FE E Bo (pneumocandin Bo) 8L 4t B 1R 254K ¥ 5515+ (Caspofungin)
FORTAAR, P SE A 3 5 4 P 1) 0 1 4 B o ) -1, 3- D= SR ity e 740 ) 4 PR P 5
@8, TR RIHUE AR . BT, $IAASRE Bo 47 1 3 BN 272 R [~ B, &
S PG — 20 P A KRB AN, T2 N T8 Tl kel RS HEAI7E
AR R R ) 2 B E R TEA S A I AR KN, SR SRR is i, DR TR
Yo e NG A B BE T, AIfTHE S B AR == N RSO A R SR LR THEPE XS Glarea
lozoyensis A MEA: = A B E Bo I, Fib— P 5 Rk B AR T bR iR B (SDS) W=
FER I [A) 0 ZH 55 JE 32 Bo & G RE A o

FENEIERIRIN T 2 RIS 7525 EFIE G. lozoyensis %5354 50 mL 155 3= 511 250 mL =
AR, BT 25°C fEPRH, 180 r/imin 5577 5d. AT L 10 Y EH N2 H 50 mL K 77
Fefy 250 mL =R, BT E T 25°C #EAK T, 180 r/min 1537 18d. fEKEESS 10 d 23 5% N 50 ul
(CBRBR 342 100 g/L) PHES FRIRMEEAN): F7Sskhidd = HERILE: (CTAB), dEET AR
P£71: Tween-80. PEG6000. TritonX-100, BH&EFAIRMIEME]: SDS. 45K : SDS 1Ei &K
FE 0.1 g/L I}, AEREE Bo 7 B ELAHIBR S T 37.9 %, B BAL T HAL R &M, #E—P#iE SDS
() B R B S S T IS [R] 43 R MK 9% 13 d ISP 8N SDS JiRE 3k E N 0.2 g/L B, ZISLHEE Bo 1)
FEEIAFIERCOK (L7 9/L) S5 IRAIAH L B it i 1 54.5 %,

AW T R IRAS [ 2T [ R TG PE A% G lozoyensis & B2 4272 41 55 jE 58 Bo IISEIANTE], K15 7%
IR, XX G lozoyensis KA A SR E Bo A —E MR FE L, HEREEERX 458 E Bo
R IR RIHLEE A Rl — 30 72

SR

[1] Walsh T J,Pizzo A,Eur J Clin Microbiol Infect Dis, 1988,7:460-475.

[2] Bills GF, Platas G.et al,.Mycological Research,1999,103(2):179-192.

[3] Schwartz RE,Giacobbe RAet al, J Antibiot,1989,42(2):163-167.

[4] Sawistowskaschroder ET,Kerridge D,et al,FEBS Lett,1984,173(1):134-138.

[5] AREE,FAJIZE R EYIE F 4 E, 2015,40(1):6-12.
[6] 1T 7], 2= B, 1 5 5 4E W) T #2,2006,23(6):50-52.
[7] XUz, Mgk, %, Tl ik AE4),2001,31(2):17-19.
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R ORI TS (Bacillus amyloliquefaciens) LL3 $27%&
BRERWKER RS v-PGA =&

aEED SR AFRF s&E ThF? RELLY
LiF ks ST MAMSHRHLFHET LRREF KE 300071; 2@k HHRFAEDFARE
B2 RE 300071; E-Mail: songcj@nankai.edu.cn

. B [poly(y-glutamic acid), y-PGA] +&H1 D-/L-7 Z B i -k e 58 51 By —
i FIHE T2 REEEY. v-PGA E8 L&A KEIFERE, AT HAA KGRI,
USRI P . PRIETE, X ESTEVEAL SRR T RESRAE T 254, WA HE. fTAth . BEEEE, AT
VA AT R . LT 4. TS, Rhgh ik, mTAEY) PR MRS SRR IR B L R AR 2 e b, XN
R RHIER, JERAEDMANM, MM KR BERA. R SRR, 280, 4
P RERAAR . oM i A R N S A R AR V2 R

RVERY 2F /AT H (Bacillus amyloliquefaciens) LL3 A7 % 7 BRAE I — RS SR IR AT 1) v
-PGA A EEE K, FHHHAT T AREEANT . 1% H AR H R BRI G B PgsBCA 1L A &R A hk
y-PGA, HIIATFFL I PgsBCA A BREFIG MEAS 1% 5 B (1 PR R 25 Rl E AR 90 A5 B0 i s A
PR AR I M BRIR L, I $2 5 v-PGA & .

FIFH 2 R 4145 24T B. amyloliquefaciensLL3 RIS 73BT R I, 22 2R 2 AR b i AR R AL I 5
B, R R SRIRIEH (TCA 153 Wi o Fl i B2 R & i (GOGAT) i
ARG T TCA T3 32 Bk F BRI RIS 42 v 1B G RE U IR (PEP) IR EL. IR, B4
FREh . BEM B AR N-OB R 2R 1. BRI A B IS S O =R
R RIR. DRIRE. Ft, AUFFEE TORER R sSRNA i, kGRS, BRI
RIBETER S o-fi 1R B QIR ERERAYI, FF H M) siBH B 2088 T Qe , ki
A RIRERIREE, e y-PGA P& .

ISR OE Ak B. amyloliquefaciensAd-2 SEAT R BEAE = K I, y-PGA P A e s 1
59.9%, X HERHE Ui H I I 4 S R AR UG 3 A 2 BRI FE i SERe 8 1 =y y-PGA T &
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FEVERD ZF AT N SR T 5L X B R BOE X R B AR K

TERF RS, ) 750021

W2 M R RS R & A ThRENE & dh I 2R, R PUREE . DUMIRE ST 2
YIRS R R TR o AR 3 e B B v 2R 7 R S R e B A 1 O TR 0 P R 3 5 IR o)
B EMENE RN T IR DO, AEN GRS E R =847, QST 6 e
PRI IL o A SIEG AR 28 AT 1 D HH A TR R i R TR [ 50, R P [R50 B 0 e o g 45 24
T EE A XEE ], B T 554k DX PR o o PR AR & AR I RE ;. SR AD oRT-PCR J7ik, RALFER
AR RIE AT SRR, 90X IRk, M e B 1 AR RIA KT i 140 50 1. il
T RIS AAE R 2 AT R M E R T A S X IR A, AT LTS R W R 1 R B S KT, A ROt v
T HIZRIEAK, fHIENE R T 1 BERIA NG X R AR, B3 o I & B R AR &
X I B A R A E R E R .

SH R

[1] RPR X,y ity B () gl [, e, 10 55, A5 W AR e 28 PR T v R0 O RO A R A L B 8 P S [3].
Hh [E] 424 T 4% &, 2015,09:122-127

[2] 75 MB35 A, WA 0, 55 26 T cdd 6 (R R B R g 45 2 755 1 1) B EF 7 A TR IO 9 R VR B HR R 282

#,2010,25( 5):1-5

[3] JEWEL, BHEZ. Je T T AW A BOR MU AR 1 10 B MO TRt R [J]. A AHEE IR, 2015,01:53-57.

[4] 77 M, A 26, A B AR BRBA, MR 7. KHE AT B cdd Al thrA JE IR ) e b A HE X P AR B e mi ). B & R
2012(10)

[5] BLEGE, TRIKEH, XUz, RS FAT AL I R AR (3], DU S BH, 2008, 24(6) : 544-547.

[6] FANG Haitian, XIE Xixian, XU Qingyang, et al. Enhancement of cytidine production by coexpression of gnd, zwf and
prs genes in recombinant Escherichia coli CYT 15[J]. Biotechnologgy letters, 2013, 35(2) : 245-251.

[7] FANG Haitian, ZHANG Chenglin, XIE Xixian et al. Enhanced cytidine production by a recombinant Escherichia coli
strain using genetic manipulation strategies[J]. Annals of Microbiology, 2014, 64(3) : 1203-1210.
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RV AT pyrR Z RN RE LY & R

ZR mHEE* fEE NEB&R TR I Bt
TERKFRFIE, 4] 750021

TR M XA e %, RVFZPURR . JURBAPICRDR 29 R bl ik, Rt
SN TRERT U R B ZE bR, DU BAT R T2 N AT St BRI B R R4 IE g . il
MR — Rl A R I i, RBEAR M = E AR IIE DI e R KT
pyrR F= 4t PyrR 758, EMEHRI T IS, PyrR W EdEE T pyr AT
BRI = B S b 2, RIAZT pyr mRNA () B a5 IX 3Py, e il S/ A .
A6 AR SRR IR PP T I 0 P R PO A A9 28 PR D A B, SR R B2 pyrR 2 PRI AT
R, AEMEBEIR T TR pyrR R, SR ARG ] pyrR D 1 L RIS 5UAN R i [
WRPA, PHESNRSECE R pKS1 L, SRR AR R pKS1-pyrR, #AL/EIIE; R
QRT-PCR Jjik, RALEE KM RIEAT, 5 pyrR IR H G Bk N 1) RGE 5 IR 2 (15200
ZEIRRM, I JE PyrR S3ALTEATEE G, ff UMP BiEE PyR EEASEE, ARGES T IEHRMT
WIFE KT, B2 1 BENE BN T i 4 R IR )RR TR B, (A B RE s i B &5 OF R R

SR

[ =W, VFPRZ%E. EASMURS 2B R[], BIEILEEZY, 2006, 19(5): 388-392.

[2] 77, a6, s 5 AR PRBE BE 52 KT B cdd A1 thrA JE R AR R B o R AR R B pOss ). B & RHE.
2012(10):1306-1310.

[3] FANG Haitian, XIE Xixian, XU Qingyang, et al. Enhancement of cytidine production by coexpression of gnd, zwf and
prs genes in recombinant Escherichia coli CYT 15[J]. Biotechnologgy letters, 2013, 35(2) : 245-251.

[4] FANG Haitian, ZHANG Chenglin, XIE Xixian et al. Enhanced cytidine production by a recombinant Escherichia coli
strain using genetic manipulation strategies[J]. Annals of Microbiology, 2014, 64(3) : 1203-1210.

[5] LIU Shijie. Evolution and Genetic Engineering. 4th ed. Bioprocess Engineering, 2013, 695-741.

[6]Seul, Keyung-Jo, Hyun-Soo Cho et al. Characterization of a PyrR-deficient mutant of Bacillus subtilis by a proteomic
approach.Korean[J]. Microbiol. Biotechnol, 2011, 39(1) : 9-19.
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Optimization of the fermentation conditions of 1,3-propanediol
from Klebsiella sp. ZH-1

Zhi-fang ZHAO Qing-ping HU *
College of Life Science, Shanxi Normal University, Linfen 041004 China

Abstract: 1,3-propanediol (1,3-PD) is an important chemical raw material with variety of use. It has
broad in the field of cosmetics, textile, food, and medicine, etc. The main two methods for the synthesis of
1,3-PD are chemical synthesis and microbial fermentation, but microbial fermentation was widely used for
green environmental protection. Klebsiella sp. is a kind of microorganism which can produce 1,3-PD
through glycerol fermentation. In this study, the fermentation temperature, fermentation time, PH,
inoculation amount and glycerol concentration of Klebsiella sp.ZH-1 were optimized. Data ANOVA
showed that the production of 1,3-PD increased from the original 3.398g/L to 8.434g/L when the optimal
fermentation culture for pH, temperature and time were determined as 7.0, 35°C, and 72h, and the inoculum
amount and glycerol concentration were 10% and 10g/L, respectively. This result provided a theoretical
basis to produce 1, 3-PD through microbial fermentation in a expanding way.

Key words: Klebsiella sp.ZH-1; 1,3-PD; fermentation conditions
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ﬁ@?‘égéé%ﬁﬂﬁ%ﬁﬁt%%ﬁ%ﬁﬁﬁ DA K [H) R B 28
it

A T BRA
LiEEERF RS, L 201306

L. GEZ WM RN AKIETERI AN 20 . BRI 2 1 5 A 43 B A JdURe i ) 2
PEIR, RRWENFH T 240k, TR, TR R 102 Tl A A O T R IR R
IR B, &2 ZHHE N — PR TS R TR, Rl hs 2N T8, B2, ok
di, DAGRAE, Aolk, 2 TVAE 5T . H T ARRE 70 X A 7 T (R 7 = B4 o 75 1) P e
TV 2 ™ A e 2 S W 0 SR S P2 R R L AT A ™, T R PR I i R e T S A kAT
PAGIERE D o EFXTIX—BUIR, A SCIE F SR AR B R R R R P, (RIS il 5 . A% T8, W46 pH {AL
B WA BRI NS T BRI T2 5 AT Plackett—Burman SE56 15 1H I B [HVE 73BT
FI R XA LI A AR Ge it 22 0738, SRR B I SEER SR A B H AR S 22 2 R I
%t B BAREARARR
K. WEZZPE, K, Plackett-Burman 256, 1 S I 5

SR

[1] Ram SS,Gaganpreet KS,John FK.Pullulan:Microbial sources,production and applications[J].Carbohydrate
Polymers,2008,73:515-531.

[21 Jel W, 5 ST, 7 ), 5 e SSE THVS DI A S 0 T8 B T 7 H HMIG-Co A I JER g I (4 55 77 2% AR [3] S A= P 23
%,2014,41(8):1516-1524.

[3] Betiku E,Ezekiel A T,Modeling and optimization of bioethanol production from breadfruit starch hydrolyzate vis-a-vis
response surface methodology and rtificial neural network[J].Renewable Energy,2015,74:87-94.
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WMAEVIARE K BB TR T R

AL BRA
tiEEFREFELFIR

MEE: AR B AR R AP Y20 ARG (oG YT, IR 2 IR AT, (HE R
Fr b b BERS AWEG RO N CRE R . LR, MR TR SR B, R 2k DR R B B AR 1
BEATEAEOE, DB R BOE S A AR S B A E A R D )N BB, AT 32
MR IR R e s B JAS W] AN FH 22 Pl e R A B R A SR P AR IR (N RE T, s 5 PPN
RAIIARNE R WAL R PR . FR IR IX 28 B A TR PR AE AW 8 A TR T 32 Sl Y R G P ML T A5t (B0
FAEEZ R L, A7 BEXACHAC SR LR BEAT RGEARNRIRT L, SRRl iR T,
PASIUA R 2T 43R e s e AN 8

SHE -

[1] %7, B RS, AlE Ak SPSC R IEAL F= Bk A 7 [J]. BRI R, 1996,06.

[2] B i, i 2, 55, BRI AR T A Al S5O B R A R L RELT]. A2 A% %9k, 1996, 12:157-162.
[3] xife, MRudt 55 2240 0. ARBE R B = B I E[3]. ok AiAE,2001, 31(2): 36-37.

[4] 5B, B 5. AR EHFE R EEY TR 4 E,2004, 24(6):58-63.

[5] SR, Ly Ko, ks 9, 55, EE LIS B i IR 5 I BT ARG S AR FRARR PR L. AR BORIE IR, 2009,7:160-165.
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R R SRR

A A TRRE 24
WL T KF A TSR, H 310014

2. 2/ (pantothenic acid), MFRiEZ RRELAEE K Bs, EAEWAN FIIRMEM . PR . B
PG A RGIEEA, S 505, B SO ARENAE M. i FHEZEMNRE FRIGZ .
D-1Z R 1) e K@ AR N R INFE F - H AT BID-2 B8 AR 7= 7 V52 A I S Ak — VED-1Z fR IR N e
IK R B K AL 25 R IDL-Z SRR N B, 13 EID-Z RIRR, FZeid WIs1L OB A B D-72 fR R W B, 2
J& 5 B- NS B R B A3 D-Z BRAS2 81, FIR AR BN A B2 RN, HETZEE R, (A
BT T BOA T 5 G

TRPRE bR iR f T B R N s, SR R RRE R, PR RO AN 2 . BRI RE
A DARP R TRDRLER 1, FR T2 IR P52 2 95 5 5 v 1 2 W R 1 1231, AT TN RS 8 BRZ R 5 O AR
U 5L [RIECM31. YHRO063c. YIL145c. FMS1 2 Rk ki iA(5 5 Ik 4ifis 7 51 J » 1% Foverlap PCR
J5vE, H53REEFGPM1p. TDH3p. TEF1pHIPGKIpiEds. FIFH FVETH, ff ik Jk o 7 1 BF B 44
WEH, HEBEGIERERA L. ERZRIGFRET, R AT B E R R, e T2/
BYPD R IR IR MIZ IR & &, 1A 302g/L. F— ¥ kSl %7 VA3 58 L& BUS I IR R 2=
ik, DR SRR R B A R ST, AT SR AR — N IR AL ] FH 2 R SRR

SR

[1] Duncan ES, Alessio C, Chris A. Coenzyme biosynthesis: enzyme mechanism, structure and inhibition. Nat Prod Rep,
2007, 24: 1009-1026.

[2] Kataoka M, Shimizu K, Sakamoto K, et al. Lactonohydrolase-catalyzed optical resolution of pantoyl lactone: selection of
a potent enzyme producer and optimization of culture and reaction conditions for practical resolution . Applied Microbiology
and Biotechnology 1995,44:333-338

[BIFhER; L EE . 7 D-IZ MmN R /K ARG A T L) S ) 46 D-IZ MR 0 7572 wh I, CN200510123566.4 . 2006.06.28
[4] White WH, Gunyuzlu PL, Toyn JH. Saccharomyces cerevisiae is capable of de Novo pantothenic acid biosynthesis
involving a novel pathway of beta-alanine production from spermine. J Biol Chem. 2001 6;276(14):10794-10800.
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52 P A=W BB AN B e AL BORSE R DR B AL Bl AR A AR e 70

EWH 0E RAERE I EIW AW
b E A F A RA R R R AR A S R T, A2 230001

FEE: B PR P B i 2 70 B0 VA AR n o R R P i R k. 48, b, 5N
SRR, HEEBEERE (B TRERE. @GR A1 (phospholipase A1 , PLAL)F:
PEAK A B0 B 18 T TR B R I A2 — PR B ER, AT R B BR J7 1, ABAE R AR A4 2 g PR
I, ARG VR B i A L 77 s 2o il v 45 DR R SR ) 7 R o DGR ARG AL ZETM IR RS
(IR RE 77, X AL B E RS Lecitase Ultra 3E4T T AEWIENIEEMMG . 76 pH 5.0 244, Al 5%0H %
NEFLIBEEAT AP, WEAGEE AL 75 1E Ceia R B IRk s RS i 1 30.9 £, IR R AR 3
TRENIET. AT 105 £ (wiw) ke - EA BN RS AL SEATIR PR [E e 4, FAE IE O A
s — PR T T 129%. TR — 5T T S AT NEEE AL, EDZEALBENREG AL FIE & QAL
NERG AL 76K 5 BMAIR IS K R SER AR (CBIM & & 50%, wiw) H IR, AL & Bk
Te R AL R A . HAE 100 mg/kg INlFE, 2% S/K&E, 50 THFH 180 24 %4, Al
F SR M 406.mg/kg [FEMK3] 7.3 mg/kg. 7E 100 mg/kg MNEGE, 2% S/KE, 50 THEE 180
5%, 1 3 M NaOH SR T, BefiR & & i M 406.mg/kg P& E] 18.7 mg/kg. AR
WIS T AR MR TR G I IR E U -

80



PR BESKERMEBARBT

X a IR RARE OEMN EW A
PEHFEETRAVIEFEERERE,; YEHFRASRMAAFHARLR, A/ 230031

W2 PREEL LY EATRBETEERNERLRER. CAMARNEERNTBE
T 22 SEAR T R e T B KA o6, IO P s B R AT IS A e A B R . LT B v 4
FRBER) T E Ry, A E HIE IR SR A R R T ARG 7 SCUL S A B Al i B AR A
PERIUT G O RE A e R B (N, LT o il oy 2R RS R AT SL BT T . AN
Al R AR — 2R U] G B R g . XS8R TR R 4E R B e Bk, TR 221
AR A 7 A S 5 kS B AR, AR T 7 5 B P IE R AR SR (KB FEARGE

e s m Bk AL S M St B rp U T B R BEAT X, G rp — SO iy HL g 65 11
FIVT & BB chsd SRR AT SIS R M2 T-IRE AR I 3R 4 I A 3 (0 B 2R PR AR AR T ik
Fetbr= 475 % . RT-PCR I qRT-PCR Fuill sk LA 36 AL IR EY chsd & R IA /T34 A FIRE LI T B+
FITAT e AR I A A RN A 77 2 SRR T S T #  1 F s RS chsd FE T 22 8 AN 1T Ak
A EZAE . XS AT R IR, RIUITA FAORR 0 B 22 A AR T IR A6 v AT P R,
Al 117, WeR/NEKEREANR. 2-1 5 2-6 WA BREOVHEHY B 2. 54, 117 5
2-1 A E W] AR T HARTE, BRARM, WL S5k, BENREEG, & w28k 5T
R 22, GRS KB IMR KON 1-17>2-152-6> 5 UGB . 1-17 5 2-1 IR & T A S0 %
IR 223k, H 1-17 WEREARMR T 2-1o REEEAR I A DR AR TR IROR L — ELARAE ETF, Bk 1AW
ARKHITEMA A, i SR 22 W 2 th A TR VAR AR AR o B AR U S T B T a3, T BRI T RS2 i
W 22 PR S, A EAS S, WIERPUE AR AR, TR IR 2 I RRE S BT . R R
g Brs JURFALAR I F 3 31 A s T IR a w, Rhle 1-17 A 2-1, 78 i BRI 5y 2790
41%. HIBLHEWT, AR EER T EAEEYW, RS ML SN A K. o, RERE
AT R BRI, AR AR A R, WREt R B E R B m i — R

HEROTRERETIELIESIOR —MRERI R ASCUIUT & RNV, HiX
Koo TAEM AT RS ISNM TRA & T T ERE G, RIS 1 Rt RIEES R,
U AR DA BT ST RAIE - A TR (35, R 2R R ks P B R O — P PR B AT i
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Improvement of Vitamin K2 Production by Bacillus subtilis
(natto) withyray irradiation

Liwang Zhiming zheng Pengwang Genhaizhao Huiliu Xiaojuan sun Han wang

Hefang wu
Key Lab of lon Beam Bioengineering, Hefei Institutes of Physical Science,
Chinese Academy of Sciences, Hefei 230031, China

Abstract: yray irradiation as a novel mutagen has been increasingly applied in the

microbial mutagenesis for its higher mutation frequency and wider mutation spectra. In this work, Bacillus
subtilis(natto) cells were exposed to yray radiation and the cell survival rate and yield of vitamin K, were
investigated. Optimization of process parameters under submerged fermentation was carried out to improve
the vitamin K yield of mutant N1A-13. Mutation resulted in 2.76-fold higher production of vitamin K3
than that of the original strain. That was achieved by four successive radition under the conditions of 100Gy.
A further optimization increased the yield of the mutant which occurred in the mutant prescreened by 50
mg/L hydroxynaphthoate added to the selection plate and cultivated at 37 <, pH 7.0 and 240 rpm for 144 h.
The results showed that theyray irradiation mutations, optimizing process parameters and prescreened by
hydroxynaphthoate were effective methods to enhance vitamin K production.
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