putA 55 vgb JEPINF IR -4 FR K- L-Nifi 0%
e N

A 122 Ak LI AR BREF 1, IMER 1, LR
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LM R =0 Hrm, SR AV puwd F B 69 Bk Ak PRk T AR T R IE EUBR AR OR AR G M
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Effects of putA and vgb Genes on trans—4-Hydroxy—L—-Proline Production

ZHANG Shengli'??, LIN Fan'*?, LIU Hedong'**, ZHANG Zhenyu™**, SUN Fubao'?*?*, XIA Ziwei'
(1. School of Biotechnology,Jiangnan University, Wuxi 214122 ,China;2. Key Laboratory of Industrial
Biotechnology of the Ministry of Education,Jiangnan University, Wuxi 214122, China;3. Key Laboratory of
Carbohydrate Chemistry and Biotechnology of Ministry of Education, Jiangnan University , Wuxi 214122, China )

Abstract: Trans-4-hydroxy-L-proline is widely distributed in nature and applied in the
pharmaceutical ,chemical , food and cosmetic products. In order to interrupt the bacterial degradation
of proline during the biosynthesis process of trans-4-hydroxy-L-proline,putA gene was deleted using
Red/ET homologous recombination system. Wild types and mutants were cultured in GT and GC
media,and the irans-4-hydroxy-L-proline yields were compared to obtain the optimal strain and
medium. On the other hand,vgb gene was introduced into the cell and its effect on
trans-4-hydroxy-L-proline production was studied. The results show that the knockout of putA gene
can prevent the degradation of proline,and with an adequate supply of the carbon source, GC
medium is better for producing irans-4-hydroxy-L-proline than GT medium. Moreover,all of the
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consumed proline can be transformed to trans—4-hydroxy-L-proline in putA deletion mutants. By

contrast, the presence of vgb gene can significantly improve trans-4-hydroxy-L-proline production.

Keywords :

Vitreoscilla hemoglobin

BE-L-MaAamR, B REMAR
(Hydroxyproline, Hyp), &2 SR L—[ifi 2 B2 ¥% ik
PTG B 7 W R A0 5 I 2 PR 5 e P A 8 AN (], T
T 4 FhSL A SR A o3 501 S A -4- P - LMl =
MR -4 R -L- i =R -3 - L&
PR A -3 -2 R -L-Ff &R . Horp o sl —4- 32 k-
L~fifi & B2 (trans—4—hydroxy—L—proline ,4— THOP) {£
H R A i UL, TRV 2 AU E K I S
e B 2 J i, 4-THOP & KB R T 5 75 %5 6 2K 40
AR TH R F PR G5 Y FEAL TA B5 H,4-
THOP J& 13 1 22 Tl AL 5 9 B9 06 A ] 2 g T 1 J P
B TR & SR BH TR N 4-THOP, W B 11 PFH 2R
BN RT3 A A E SR R Rl 4-THOP 188 4=
JLE b B 3R 5 AT AR D8 SR Y FOR AN SE H =R N
Tl 7% 1) 25 W) 7 5€ 250k J7 T, 4-THOP ELA 3 Bk
SA A ) AR 3 2R 0 L AR A 3 JEOIRZS B9 A T, TR G 7 2
o R A IR sty v S AT R I R, DA R SR B R
2% 221, K, 4-THOP 15 Ry 1 A 2 51 7™ i, 78
P25 (R4 AR T Sh W R 8 dh s SR APk S
AAEAT AR HAT )z B T TR 64T 3 5
[, R g 4 2R 528 M =R ™ i B BOE 5 T e B AT I 35 1Y
P

H AT 4-THOP By A= 7= J5 35 25 2 1 JROUK il 1%
TR AL, AR GERY K R4 I 32 8 I T 5 i it
() A= 9y 2L U b B B A-THOPT 5 A= 7= 5 1 7 25
T AR AAL D IR 2 IR B T R
AR JBUR A I AR PRBE TS YR TR K I i X Ak
S5 B0, B PR OR D S A EORMA A% Lk AR ST
AR S BUE A 2 B AR N S, AR e, Bl
T AW EOR B 2 K A& RGE T H 45 R
TR K Aifp B B0 TE 1 LA A R O S, A W R ARk
i Ll 2 R - S -4 YR ALl K SIS i g
a2 i 1 B AR SR A0 S i R (Pro ) B2 AR AL 4-
THOP, LI 1, PR BE B S A M S5 R e 4 Ikt
IR R A AR 7 AR AR B DG A, T I
4-THOP /L7y E 5 IEM, 1961 4F, Katz HF% B

trans-4-hydroxy-L-proline , Escherichia

coli ,biotransformation, gene knockout,

Ui 73 8 I 2 TR A Sy ISR ) 2 15 i s TR 2 TR R Y
B, BRI 2R T 28 U A B i, 1995 4R,
Matsuoka 5517 HH — Bk 43 W 4-THOP W H & , & %
E % H W N Clonostachys cylindrospora SANK
14591, 75 LUl 20 0 ) 1 & e h 23 CHESF 9
d,4-THOP Ay AL E 4 13.8 mg/L, Shibasaki %51
18 M2 B RH1 (Dactylosporangium sp. RH1) 1 i i
RBIR-4-FZACBEEE N B T 9 8 3 TR T, 7ER
Jn T i T AR OA TR A A e T AT 100 h ), 4-THOP
(9 FR 2k B a] Tl AR & B 7K (41 ¢/L) o

proline 4-hydroxylase HO%
2-Oxoglutarate 7 €O, O\
COOH Fe' N COOH
H 0, Succinate H
L4 A -4- 5N R

B1 NL-EEBfR{4-BE-L-HEBRNEYHILEE
Fig. 1 Biotransformation process from L —proline to
trans—4-hydroxy—-L—proline

Vi35 T A 52 6 28 R S A [ N O e A W e A vk
A7 4-THOP BYAIF5E, KE i 42 I —4 — 2 b i 3 1
(hyptd F:H) & T — Dok 20 A 3 7 46 T
oy ot HE AN P S T S 300 R S/ 5 = R v R A
4-THOP 14 5 41 K Ji AT 1, I X 2% 1 bk 2 17 K I8
Sl 153 4-THOP iy 2= it ik 5] 42.5 ¢/L.
R8I RIGAFTE T putA HE K 3K 1Y 2 1 5T 2 A I 2
TR O U M, R I TR A O AR b Y G B
Shibasaki S A H KB #T 3 W1485 /27 4-THOP
R, R SR A BT R b I R T AR 52, H
4-THOP {147 £ FUA B0 FE Il 2 1R 1) 87% , 1 LA
putA PRI R AT o AR D e R, A AR
4-THOP B}, U] 58K 4 11 6 14 I 20 AR 4 &8 4% 4k 4
4-THOP , 47" 5 4y 41 g/L, It LAA W BERR pud K
PR A BEL L DR M A R I A i 2R, LA S92 S0 T 1) il
RAMR5E AN 4-THOP, 57 5h, Wil #2 %) 4-THOP
EY S B HEAS TS5 WEL, R
i ven A S PN Y P SRR DU AT RE 2 2  4-THOP 1
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Fe, M HBEWBE (Vireoscilla sp.) L4 8 H
(VHb) & 9 e B 3 Z R i E Wb JF il 1 3
AR ARE IS HHT, A R % TR B 212
N T 4-THOP £ 7 W 58 A OCH B , 2= 3555098
i O T TR -4 LR o T 454, 3R T X
AR Yi SFRME ) T7 0 2 I s R -4 - ¥ Ak
fif 3% R 72 K AT B BL21 (DE3) W 63k | 38 1 45 =5 i
RIR-4-FZALH )R IAH, R 4-THOP ()4 7" fig
e

HeT I AE ARS8 % © M A Y 4-THOP /£ 7

PR () Al b UL IR O A TR b 44 A i 2 B o
AR GBI puwA FE SR 5 R4 3% B B G i
SLEEIEN (vgb FEP) 52 R 472 AL A
(hyptd FEPR) He 3638 FORL , 78 88 K - LT puwd
B vgh SEPRGT MG I i 22 R 1Y) A 50 Ak
Je A-THOP J= 5 ()52 ]

ABIESE BT TR S OB L3R 1

1 #il57HE

1.1 SEIe# L
L1l WAL

®1 FAEM RAEENNKIE
Table 1 Strains and plasmids used in this study

B
E.coli W3110 IBF £ A
E.coli BL21(DE3) 1B £ A
E.coli JM109 1B £ 7Y

E.coli W3110 putA:kan ~ W3110, putA ::kan
E.coli W3110 AputA

E.coli BL21(DE3) AputA

W3110, ApuiA
BL21(DE3), AputA

R 23/
VR T e S0 2
VR BT e S0 %
VR BT e SE 0 2%
VB e L0 2%
Ve e 960 2
M B TE S 0 2

e e w—

pKD46 Amp marker, a helper plasmid for expression of Red N\ recombinase E & BT e SE 9 %

pKD4 Kan marker, a plasmid carrying FRT—flanked adjacent kan gene [21]
pCP20 Amp and Cm markers, a plasmid for expression of FLP recombinase [22]
pUHT4 pUC19 derivative with L—proline trans—4—hydroxylase controlled by trp tandem promoter 1 # Jf 75 55 1 %
pUHVT4 pUHT4 derivative with Vitreoscilla hemoglobin gene vgb, including its own promoter 5 Jin A6 5L 0 =

1.1.2 £ &8 A& Tag DNA R A B Pfu DNA
B4 1 kb DNA Ladder, kLN 2 BGR 57 &
DNA B IRl & B R A N E SR (Amp) |
KA R (Kan) . W H 4= TAEY TR (L) ARA
Al LBl LA S | H % 32 45 H 3 . 1 B BBI; T4
DNA #3527 PrimerSTAR HS DAN B4 . FR i

I X% DL5000 DNA Marker: W [ Takara 237 ;
P REFEHUY) W A Oxoid 23 ] 3 HABIRKF . 30 A F
2y L AL 2E R A FRA WD

1.1.3 314 FHSIM A RS hE T Ay TR
(M)A BRAE AL, BT a5 5197
S L 2,

x2 mBRMEEMASIY

Table 2 Primers for deletion and identification

A3
P1 TTAACCTATAGTCATTAAGCTGGCGTTACCGCCAGCGGCAGCGGTATTCAGTGTAGGCTGGAGCTGCTTC
P2 ATGGGAACCACCACCATGGGGGTTAAGCTGGACGACGCGACGCGTGAGCGCATATGAATATCCTCCTTAG
Y1 CGAGCTCGAGAATAGCCATCTAAAGTCTCCA
Y2 CCGCATATGTGGGCTTCCACTCAACATTAC
V1 AGCGGATAACAATTTCACACAGG
V2 ACCATATGTTATTCAACCGCTTGAGCGTA

30 £ ¥4 g A A e PR R AR i 1) FL D 57
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114 354

LB K55 4k A ik 10 /L, BERESE Y 5
oL, AALEN 10 /L, FEMAEFRILGSIN 1.5 ofdL Bk

2)M9 5 % 3t . Na,HPO, 6 g/L,KH,PO, 3 g/L,
NH.CI 1 ¢/L,NaCl 0.5 g/L,CaCl, 3 mg/L,MgSO, 1
mmol/L, 2 M2 2 g/L. WK FREETRIN 1.5 o/dL B
HE#3 o

3)LBP ¥E 7R AR F PR 10 o/ L, BERERE Y 5
g/L, 5L 10 o/L, Bl &2 10 g/L,

4)GT KiF- 3% H A M 10 o/L, Hal 5 /L, i
F 8 ¢/L, (NH,),80, 5 ¢/L.,K,HPO, 1 g/I.,NaCl 2
g/L.,MgS0, 0.2 g/L.,CaCl, 0.015 ¢/L,FeSO, 3 mmol/L,

5)GC ik A% % 8 o/L, Hilh 10 ¢/L, £ K
¥ 8 g/L, (NH,),S0, 13 g/L,K,HPO, 1.5 g/L.,NaCl 2
g/L.,MgS0, 0.3 g/L,CaCl, 0.015 g/L.,FeSO, 4 mmol/L,

N TR MR IBE R 1Y Bk B 430 100
pg/mL F1 50 wg/mlL,
1.2 XBFHZE
121 RBHAFH A R4 DNA #9325
PRI 2 F) e BT v 2 DL SC iR (23]
122 AW Airies HaH & Ll pKD4 MK
He ,P1.P2 5|4, PrimerSTAR HS DNA % 4 fifi it
1 PCR ¥4, Dpn 1 Zb 385 % PCR 7= ¥ #£47 U i 1]
We, LA L™ 4 S 1 30 R B Rl B K AT 1A
W3110 Y pud JEH

PLK AT W3110 puwtA : :kan B FE P 41 0 15
B, Y1.Y2 519, Tag F1 Plu DNA R4 UL 1:1 (1)
FLBR S 4T PCR §7 38, XF PCR F= 4 E 47 Y i vl
W, DA IR 9 4 Ay e B oK W #F 1 BL21 (DE3)
putA FEH TS 7 B,
123 X WA #H pwd AWk KBFFH
W3110 #il BL21 (DE3)putA 3R A F R 7 %2 W 3¢
Hk[24], 35 UE I R 7% PCR 951900 Y1.Y2,
1.2.4 594 AT bk R Bk AT ko RLBR 69 O AL
45 5 Bk BCK B FF B W3110 . W3110AputA \BL21
(DE3) .BL21(DE3) ApwA W HTE T, HFp T LB K
FeF 37 °C 220 v/min SR TR, IR 190980
PR B D T3 9 30 mL /9 LBP 55 5% 4 (250
mL B3EI ), FEAh e HBORE D 2 I 22 R 1) W) 4 Wk B
37 °C 220 r/min }5 3% 24 h J& , BUORE I 52 A= 4 & (LA
ODgw /1) MR 5% B i, BRI ik 3 A FATHE
1.2.5 puwA A B 698 % xF 4-THOP #9 & w435

PN 7R

Pk B K B AT W W3110/pUHT4 W3110AputA/
pUHT4 BL21  (DE3)/pUHT4 .BL21 (DE3)ApuiA/
pUHT4 MFATR 7, &R TS A AN HFH RN LB 5
FEIerh T ODgo KA N 1.5 FEATHE, 15 6% 1) 2RI
U EEM T GT 1 GC 5773 (250 mL BB
Wk 30 mL, FEERAN 60 ul 1Y 600 of/L 1Y il & R £
VR, R 2 BR ) B R RE 24 R 10 mmol/L) H, BURE 1)
E 2 BR B 00 4R He L35 °C 220 t/min K5 FF 24 h
Jei , BURE I 52 A Wi (DL ODgy 22718 ) I 20 R 1 5% B2
i M 4-THOP (7= &, B R 3 A FATHE

1.2.6 vgh A B 5 hyped K B 3k F & Rk oy H &
175 B R I 21 8 L (vgh 35 H) )7 %1 DL GenBank
accession no. M30794.1, FIH B HMERIH SIS
SR m L FRIR . O T I RAE 755
B TR I 21 2K 1 PR 5 SR B R EcoR 1
it U0 57 5, TRV 76 10 1 28 14 3 PR 2R 2% F 5 o
A Nde | BV % FEH R B R e A, 6
A LG 9 FE R K pUHTS 5k [ i 25 4T EcoR 1
Nde 1 XU, B 01 WOSUEG U1 7= 4, FH T4 DNA 3% 42
fiti T 16 Cil &S, W& Y= Kin s
JM109 1, BKBABEVEF V1 V2 I51 ¥ 80# 7% PCR,
FREL PCR 2571 WE A 1 T v 5 5%, 41 0T i 5 L il
YIAIE, SePE V% PCR L 5 XU ) 349 1E B 1 S5k
o B TN, FFAERRI RN & vgh RN 5
hypt4 R FL 38 BORL pUHV TS,

127 ZEWAHE hsrF G st 4-THOP ¥ %vh ¥
pUHVT4 Bk 5 354k 2 RIG AT W3110ApwA K
KIHFFH# BL21(DE3) ApwA Btk nl 3545 841 K
AT 8 W3110AputA/pUHVT4 BL21 (DE3) AputA/
pUHVT4, 73 5 PRI 41 H W3110ApwA /pUHT4 |
W3110ApwiA /pUHVT4 B1.21(DE3) ApwA/pUHT4
BL21(DE3) ApuwiA/pUHVT4 (A R %  Bfh T 54
KN HHEN LB AT R ODg KN 1.5 7
FBH% 6% M ERMAR B B R T GT i GC Ky 5%
Ferfr 250 mL 9 #5 i 2 WE & 30 mL, FFESN 60 ul.
1) 600 of L 1) 22 R BRI, il 22 R 19 ) 1 vk B 24 Ry
10 mmol/L, 35 °C.220 r/min 3% 24 h J5 , BUEED &
AW (VL ODgyp 67K ) Ml 4=THOP Y 7= i, A Fh B
803 AT

1.2.8 M & 8 & 4-THOP # & a2 &R
FE B GE B WL SCHR[25];4-THOP #9520 72 2 L SC
fik[26].,
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LRI

21 KBHES pwA EEHER

K FE R T putAd &R 3R 3k 1) 8 1 T HAT il 24
17 10t e T 5 M G Wk — 5 — 2 T d S Bl 0 P, A T R
14 o8 A 3 A8 RS DG B DR 2 A FH R T 2
7= 4-THOP W) id F2 5 B g bR putA FEH TG
KM FF TR 10 ) 2 2 e e ad A ol 45 e T R 1) T S
R4 4-THOP, 13 % H] Red/ET A # 24H &
SRt bR puA BN B SR A AT A B

PL pKD4 it ,P1 P2 514, 4 3 il — B
Uity 43 590 5 K R TR pueA 356 DR i 1 T UL A o
6] R R Z P DNA H B, 48 0.8 o/dL 1Y
SEONRARE e v VA I BRIV S BRIB(E 1595 bp
— (K 2(a)), fEL L Dpn T AP R B RIS s, B
007 Wy B AT S R FF 1A W3110 7Y puid FE D i
B FHATHE R Bt

X F KA # BL21 (DE3) # putA 3R
B, SR FH A [R5V /4T 30 7 B, LR FF 1 W3110
putA : :kan HAREIER AU BN, Y1, Y2 5190, 9°
B — B DNA B BE, 20 0.8 g/dL i Br i B 6 e FiL Tk
K, B BER/NS BRI (E 2 188 bp — (Kl 2(b)),
28k e MV, P4 04 7 3 BIVRT A S K AT B BL21
(DE3) Y putA JE R i b HATHE B Bt

FEATHE Fr Bead o e AE 2 5 A pKD46 19 K
FF TR L B A AL D WA T 5 A RIBEE R 1Y LB
AR SRR R B STV SUTE MOP PR FRT Y
A FRIBEREN LB A L, B EA RIRER
) LB ~F A LA K AH A BEFE MOP S L A K 1
W V&, DA V% PCR %57 LUK K DU PCR 7= K/
A LUK A o B A AU B R A TR 7% PCR BEAR INE 4 1
H B SIS K/NA 4 574 bp; & RIRE Rkt
AR putA 56 PR#E & B K W AT 18 1) LA I B
P Y 25 BRSO/ R 2 188 bp., i ik - A G ik
SR 75 PCR %5 W] LUTE B putA 35 P8 10 ) i 9%
T8 Bokr pCP20 #4516 3 2 % 2k pKD46 (1) FH 4 B 41
Frp e A S 8 R IR A R T R I A9 B
pCP20 kL () & 2%, JF DL Y1.,Y2 5] ¥ i i 7%
PCR, Aift— 20N KRR EE Ry FE I I R 4 R
A HTPE B P o KL P AL L I BR A, 97 38 H 1 455 2R
WAR/INA 814 bp, 45 R WK 3R # W3110) F1
K 4(KBATE BL21(DE3)), AILLE ), &40

1R /N 5 B — 3, B Se B T KRBT W3110
K BL21(DE3) ™ putA 55 H 1Y RBR

3000 bp ——

2 000 bp 2 000 bp—
1500 bp

1000 bp

@) KJBFFHEW3 110748 1 Bt

B2 puwA BEEKERITELREBIXSH

Fig. 2 Electrophoresis analysis of PCR products
1 2 3 4

(b) KA AT #BL21 (DE3) AT B

5000 bp
3000 bp
2000 bp

1 000 bp
750 bp

Jkif 1.DL5000 DNA Marker; ki 2. LA W3110 57 2 B 4 #k

AN B T 7% PCR; VK GE 3. L W3110 puwtA « ckan ALY

7% PCR;UKIE 4. L0 W3110 AputA SHAH W T V% PCR.,

B3 XBHFE W3110 BF AR E#k K putA ERE LA F
¥ PCR B ik Ei&

Fig. 3 Identification of E.coli W3110 putA knockout by

colony PCR
4 5
15 000 bp
1000 bp
750 bp

(a) LABL21(DE3)#F A= RIE i S 178 (b) LA Z: BRI ot HE DA B ik
PRI PR AR (1 T Y5 PCR SRS ¥ R YA PCR

VKIE 1.4:DL5000 DNA Marker; JKiE 2:BL21(DE3) ¥ 4= #4 [§
PR AR 1 14 % PCR; Uk il 3. DL BL21(DE3) pwid : :kan A
MIHT 19 T % PCR; UK I8 5. L BL21(DE3) AputA o HEHR 1 1
7% PCR,
B 4 X+ E BL21(DE3) B A B E# K puwtA EERKE
E#k PCR Bk EiZ
Fig. 4 Identification of E.coli BL21 (DE3) putA knockout
by colony PCR

] 2 3

5000 bp
3.000 bp

2000 bp
1 000 bp
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22 BFAREKS purA B E R KB E %X S EB
HAEMLLE

R T IE putA FH PR A i 2 X K AT B TH AR I
KR, X KA W3110 W3110ApwA
KIAFFE BL21 (DE3) .BL21 (DE3) AputA 43 HI7E
LBP $5 e firh i g% . 45K W] KB FF A W3110 F1
BL21(DE3 )£ R I FE I 2% , 1 X LA putd e 2k
TG AR WU BETH FERR 2R, HP ped DRI v 9
SEREAT W K T TR 4 i 2 R I A i A A SR DLIET 5
TR AE R AR RE I I 22, BT (L
ODgy Fo78 ) 238 R T Bl 2k BB KR 1, 1T EL R O 2
FE IR oK 43 1 28 S B0 T R R R TR bR 1Y) i 2 R
A LU 2 R ) 4R B Bt — 28, FEAH TR 1Y 35 % 450
T,W3110 5 BL21(DE3) % 5f A= 7 & B TH FE T A
AR B I 2 82 (40 9 (34.37£0.59) mmol/L,
(35.16+3.52) mmol/L), {H W3110 A 4= ¥ & 1 Lt
BL21 (DE3) MMt (ODgyo %371 K 4.85+0.19,5.86+
0.09), ¥ B A LL T W3110,BL21 (DE3) fE ¥ 43 %% 1)
I A 5

120
100
80
60
40
20
0

i 2Rk B /(mmol /L)

W3110  W3110AputA BL21(DE3) BL21(DE3)AputA
O MBI IR, ™ IR R R

(@) KIBFFHIW3110, W3110 Aput bz KIGFFEBL21(DE3) &

BL21(DE3) AputATELBPY; F5 5k b 5 35 i i Bl 2 BR T AE 1 1L

Nnllr

W3110  W3110AputA BL21(DE3) BL21(DE3)AputA

(L) RIGATFEW3110, W3110 dput e KIGFF EBL21(DE3) .
BL21(DE3) AputATELBPH; F: 5 B 35 5 194 10D

&
a
S
]
|

DS = N LA

B 5 KB B EF A B ok S X R B BRI BY R B X I ELER
HEREMENILR
Fig. 5 Comparation of proline consumption and biomass

between wild types and mutants
2.3 putA EFEHERE T E =B ¥ K 4-THOP =
E R0
e 25 A I = R -4 AL i Y BURE pUHT4
3 59 5 N B B A R PR K B TR R E A

FREEFR T GT 5 GC ik (250 mL A9 FE 2% T
B30 mL, EEFEHITA 60 ul #9 600 gofL 4 fif & 2 £F
W, i IR b I 2R MR 2 R 10 mmol/L) | 4R
JETE 35 °C 220 r/min B9 #E R TP FE A B2 24 h,
FE putA FE PR I G X AN IS A M =R 1 B Ak R
F A-THOP =it (52 M, 25 R WKL 6, putd PR
R T TR RS e I it i 202 |, Shibasaki 551"& B putA
S DR S TR PR R 8 T FE 1) i 2 R 4 TR e Ak 4-
THOP, JIT LA putA J P fik 2K 79 T bk 1 i 22 R A R0
b2 (B 4-THOP 17 5 5 9 5 FE 14 il 208 5 19 b
{B) B FRISAE N R 100% , AH TR S04 B A D TR i
() A ) K 4-THOP 1 7™ 1 35 R F Bl 2k 78 B AR 1Y
AFLTR] S 74 A 1 i 22 R th 15 22 | T A TR R AR TS FE 1Y) i
RIRABETE LN 4-THOP, {2 8 B bk U fEKs
THFE B Il 2R 40 % 1L 4-THOP, P 5T A 7 54 Ak
F14) il 22 TR AT 2002 A 3 e I T i R T R R 1, L3R
3, LiE AW EIL S 4-THOP )7 8 #RE fe s 1
W3110 ()4 4 B F1 4-THOP ) 7= ¥4 3 i % T 4
[ 451 T 19 BL21 (DE3) Hy 3k 3 SE 7 i & T 25 S Ui
B . KW #F i BL21 (DE3) kb W3110 ¥ i& & H F

45 0.50
4.0 045 =
35 0.40 E

Eas 30 g

g s 0.25

i 0.20 &

K15 0.15 &

1.0 0.10 &
0.5 0.05 ¥

0 0
GT-WP GT-WAP GC-WP  GC-WAP

O AWy, m R
GT. GC: ¥igR¥ERM; WP: E.coli W3110/pUHT4; WAP: E.coli
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Fig. 6 Effects of putA deletion on proline biotrans —
formation and 4-THOP production
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Table 3 Effective transformation rate of proline

E.coli BL21(DE3)/pUHT4 GT
E.coli BL21(DE3) AputA/pUHT4 GT
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E.coli BL21(DE3) AputA/pUHT4 GC
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Fig. 7 Identification of recombinant plasmid pUHVT4 by
colony PCR
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W 5 4 . Today’s advances in micro/nanotechnology are revolutionizing the traditional paradigm of biomedical
research. Owing to the unique properties, micro/nanoparticles find an array of applications in molecular and cellular sensing,
manipulation, and stimulation. It is of great interest to investigale innovative mechanisms for reliable and scalable
manufacturing of nanodevices. It is also highly desirable to explore unique approaches that can manipulate, assemble, and
even robotize nanodevices which move, sense and act based on their environment. These approaches promise new molecular
and cellular applications. For instance, new sensing mechanisms could emerge for the detection of biomarkers with high
sensitivity and fidelity. Chemical stimuli as well as mechanical forces could be actively delivered and used for targeted
applications both on single cells as well as in biological environments. These advances are expected to enhance the
specificity of biomedical procedures and at the same time improve our ability in biodiagnosis, which are broadly relevant to
biomedical discovery, environmental monitoring, public safety, and defense purposes.

This symposium will focus on interdisciplinary topics related to innovative top —down fabrication of micro/nano
biomedical nanodevices, new mechanisms for bottom—up manipulation, positioning, assembling, and robotization of inorganic
and organic micro/nano—"“bots”, such as nanoactuators and nanomotors, for bioapplications, as well as the synergistic top—

down and bottom—up approaches/schemes for molecular/cellular sensing, stimulation, and study in biophysics.
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