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Abstract. irans-4-hydroxyproline has important applications in many fields. On the basis of the
constructed E. coli BL21 (DE3)ApuwtA strain,sucA gene was knocked out and the optimized
trans-4-hydroxylase gene (hyp) was introduced. Then,the constructed plasmid pUC19-ptrp2—hyp —
vgb which included a tryptophan tandem promoter and Vitreoscilla hemoglobin (VHb) was imported
into the recombinant strain and overexpressed. Then in the flask level, fermentation conditions and
medium components were confirmed by single factor optimization and orthogonal experiment. The
results showed that,compared with the original bacteria and two single knockout strains containing
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the same plasmid, the double knockout strain had the highest whole-cell activity, which is about 2.6
times as the original bacteria. After optimizing the fermentation conditions, irans-4-hydroxyproline
was accumulated to 1.08 g/L,which increased 2.87 fold.

Keywords: irans —4-hydroxyproline,sucA , Vitreoscilla hemoglobin, gene knockout,recombinant .
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1.1 ##

111 #A5H%  E coli BL21(DE3)ApwA JA
S E R IAEE. coli JM109 (E. coli BL21(DE3)
NS BEARAT ;. FIBHAK pUC19-ptrp2—hyp—vgh
(7 #% pUHVT4) Sk 5C 55 % Z 5 M #2193 kL
pET21a . pKD4 AL I = i A, ki pKD46 Hiflh
NEWE T # (pUCm-T)I [ 14 T,

1.1.2 XA 5 aE  SCu hob Koy BRI N D) g T4
DNA % 28 rTag DNA % & [ . DNA Marker 14 4
Takara (K3EFAW),Tag DNA R A B A Pfu DNA
KA A AT B Il & | kL3 Bt
F & PCR =Wy alifbialin & . EEE F R RN T Bk 42
57/ A S I 2 i B W< o s | S N ES 2T

1.1.3 314 514 HI i H2 FT& W sucA ZEHRY
U LU PR P2 T A AR R IR Bt M A A
(kan),51%) H3 F1 H4 F T & B sucA LR R i [R]
P, AR g K RIS 51 Wik it =% S0k
[13], Hr 519 H1 B9 5'%45 A Nde 1 BT 5i , H4
(1 5" A7 Xho TRYIN &, T3 R B 5 84k
(&% 519 H2 WA Hind 111 M BamH 1 Y] {7
M, HT RN A ; 5149 H2 F1 P1.P2 1
H3 [l oAb, T EE FBima . LRG3 H
A T AR

*1 MRHPAEMNSY
Table 1 Primers used in the research

5194 B S 51(5'-3)
H1 GGCCGTAGCATATGTGTTAGCGGCATATCGTTTC
H2 GAAGCAGCTCCAGCCTACAGGATCCATAAATAAGCTTCATCGTGATCCCTTAAGCATCTT
H3 TTAGTTCCTATTCCGAAGTTCCGCCAGCATCATTTCCGTGAAG
H4 GCATTACTCGAGCGAGTCAGACGACCACCCAC
P1 AAGATGCTTAAGGGATCACGATGAAGCTTATTTATGGATCCTGTAGGCTGGAGCTGCTTC
P2 CTTCACGGAAATGATGCTGGCGGAACTTCGGAATAGGAACTAA
Y1 GGTGGTAGACATGGGACAAT
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RBER IR A T IR 6% 1 FE R 2 A 30 mL(250
mL HEE I ) K BRI % 9,35 °C,220 r/min }5 77 12
h, TEFEI AL & B 55 77 2 9 A 45 5 % I 2
W R R R R A A AR ATRE (0.2 4.8,
12,16 /L) 1 H 3 (0.3.6.10.14 g/L) . F K ¥ (8.
12.16.20 .24 g/L) K,HPO, (1.5.9.11.14.17.25 g/

L). (NH4)2504 (0.3.8.13.17 .21 g/L) il FeSO, %
J£ (0.1.2.3.4 mmol/L) LUK pH(6.5.7.0.7.5.8.0.,
8.5.9.0.9.5), Z S AT IEAC LK |

IR

2.1 sucA EEME . THEREE . FBEEREIL
ERERBENRE

DL E. coli BL21(DE3) i3 X 2 B4
PLH1 H2 #il H3 H4 A 519, PCR K15 sucA FEH 1
548 bp By L7 [FIVEE A 591 bp A9 Ui [R) R | AR
K pKD4 AT, UL PL AT P2 K51 #, K45 K/ N
1 521 bp W kan HEH R B (K 1), =#IRA ,PCR 3k
FR/NA 2.6 kb 1B

M 1 2 3

M—DNA Marker; 1— FiERIJEE ; 2—FUFRIEE ; 3—kandkF Bt
()
M 1

3000 bp —
2 000 bp —

M—DNA Marker; 1—li&r Bt
(b)
B 1 EFEmRAPCR R R EKEIE

Fig. 1 Electrophoresis maps of PCR products for gene
deletion
22 EHETRREREOHELE

A FORE pUCm=T-AK, 51 % H1 F1 H4 15K
WUET I, LRI BOR B , PCR 3145 K/ A
2.6 kb By 554 IE W UKL . B4 pET21a-AK
Hind 111 HLE§ VI35 K/ R 8 049 bp 195541, Xho |
M Hind 11T 13 3] K /N 5351124 2 093 bp #1115 956 bp
(R T 2% 25 BRI H Uk PRT G LT] 2,
2.3 E. coli AputA E¥EH sucA EE R

DL BORE pET21a—AKH A AEAR, LA H1 1
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H4 J519), 3545 K/ R 3.4 kb (FTHL A B, S
HIEEAL T LS8 Y1 F1 P2 A M ERIES 9, 76 NCBI
HZ 515 E. coli BL21(DE3) i 3£ 4 40 1 %) 5
WA 4, SR TR 28 1RVE PCR P 34U K15 KA 3 kb
[ L Yk 45 . B E IE B9 (9 E. coli BL21 (DE3)
AputA AsucA (BPAP) ¥ 4L FH 4 A, 439 5 A i kE
pUHVT4, W46 M2 R W H 8 mmol/L, KW 12 h
) & L RN 1 3 BT, o FH R I 4 R 7 1 e o 110
3T TRMRAE NG S I AT G SR 3 5 TR R 1
PIH, LA Y1 F1 Ha 519547 PCR, ¥4 344 1) PCR
B EAT I D 4 SR R WY R Ak R D R )
M FEWA L,

1—XUEE D)4 2—HFY) 467 s M1, M2—DNA Marker

2 pET21a-AK # X EH]
Fig. 2 Double digests of pET21a-AK
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Fig. 3 Fermentation results of converters
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Fig. 4 Whole cell activity of strains
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Fig. 5 Effect of glucose on trans—4—hydroxyproline
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Fig. 6 Effect of glycerol on trans—4—hydroxyproline
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2.5.3 KHPO, *F B X —4- % Il & B /&~ 2 0 % '®
Xt KHPO, By B e EEEAT O AL , e B 2 i
PR S R B O 3% . NEL 8 K%, 1 K,HPO, 1Y
JRE R JEALT 17 ¢/L 1, 0Dy M & KHPO, 143 0
BT, Y R R T 17 /LB, 0D A F T
Wk o TR 2 R 1) )™ B AR T B MR 2O 11 /L I K 3
T I EE, BRI SR 216 mg/L iKE) T 753 mg/

Lo /AT B B . KGHPO, R AR W 1 A K 5 S SE R 1) &
B AR LR AT &K R KHPO4 7K V8 W 5 TRk
Al LS R 1 W I O A i KHLPO,, KHLPO, T 5 i
W I A R K, HPO4, K, HPO, 5 KHLPO, 1Y R
B ME Y AN AT DK R R R Y pH 4ERRTERE M AR
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Fig. 8 Effect of K,HPO, on trans—4-hydroxyproline
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RUXUIN A A5 %M AT B 2 Fe 1S 519,
M 10 KT, ODgy B FeSO, e i TH 5 1 Tk 155
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e I=Re— % 400 =8
1 mmol/L K F T fiz i 3 0], oA EAR
E 300 7% 0Dy, 16
5 320 48 & 250 _
gwo_ 1 ggézoo_ 14g
& 280 ﬁ%ﬂ 150
B 560 s < 1001 12
% B -48 ®os0L
] = o 65 70 75 80 85 90 95 °
w 201 —a OD«(]() 1 pH
X 200 —® RA4-EIHERR »
5 t % 3 0 E 11 pHXRX-4-E SR~ 120
FeSO,/(mmol/L) Fig. 11 Effect of pH on trans—4-hydroxyproline
10 FeSO, 3 & 2t —4—5 i S B 7= B B9 B 1 357 ER%R WRIERRNRMANEE R, HFITIE
Fig. 10 Effect of FeSO, on trans—4-hydroxyproline A& S B , IEXR R AR LA S OE S 45 343 5l in & 2
35.6 pH AKX 4-ZMWAR =T Hw K R 3 FR
B IR ) Ih pH 23 B4 52 e B RR 1 2E R 5 ARG ®2 EXXWEERAKFE
BhR B A5 A W FR A R T B g R Rl A0 1) i s i Table 2 Factors level of orthogonal experiment
A IR P S 2 A pH R AR . T 11
K BEE IR pH B9 K | EE ODgo A BT (1 f; %fﬁﬁ? i ‘6‘ 180
1l
N | SEE S F| A | A
éij ?J ?;5 HT/,EI1¢?2$Ey:§J$§jKiJ%TW%J,IL%: C ARG 6 20 o
R, TORMARWBRRERIE pH I 0 oo o o B
ij(ﬁ'ﬁaéﬁ{f*ﬁﬂ‘f% ,E pH y‘:f 8.5 H#ﬁ%IJT%j({E,Z E (NH,),S04/(g/1) 8 13 17
Jr T R FRE e PR S5 ™ 0 B A AR F NaCl/(g/L) 0.75 1.00 2.00
K5 REMEAmR N4, G Fe*/(mmol/L) 0 1 2

R3 EXTHHER
Table 3 Results of orthogonal experiment

s A B ] . c | 0 | B | F | G |4 Rl m)
1 1 1 1 1 1 1 1 851.31
2 1 2 2 2 2 2 2 775.30
3 1 3 3 3 3 3 3 552.70
4 2 1 1 2 2 3 3 762.33
5 2 2 2 3 3 1 1 626.90
6 2 3 3 1 1 2 2 885.53
7 3 1 2 1 3 2 3 505.94
8 3 2 3 2 1 3 1 714.37
9 3 3 1 3 2 1 2 832.61
10 1 1 3 3 2 2 1 578.94
11 1 2 1 1 3 3 2 845.58
12 1 3 2 2 1 1 3 849.50
13 2 1 2 3 1 3 2 762.33
14 2 2 3 1 2 1 3 677.27
15 2 3 1 2 3 2 1 788.57
16 3 1 3 2 3 1 2 560.54
17 3 2 1 3 1 2 3 830.50
18 3 3 2 1 2 3 1 563.36

¥ 1 742222 670.232 818.483 721.498 815.59 733.022 687.242
¥ifE 2 750.488 744.987 680.555 741.768 698.302 727.463 776.982
¥IfH 3 667.887 745.378 661.558 697.33 646.705 700.112 696.373
e 22 82.601 75.146 156.925 44.438 168.885 32.910 89.740
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L, TRALJS 1 & B R 5L 0000 . M AE RS 35 5% T, 5
FrIEARACTT Y e X -4 I 208 7 5 0.28 g/L, 55
FRIEARACIG 1 S K -4 I 2008 7 = 1.08 g/L, &
AL T 3.87 fif .

1B R pUC19—ptrp2—hyp—vgh , i vgb FEH RE
4R A A TR AR 0 TR ) A R B R O A
o 52 5 = F W AT W PR E. coli BL21 (DE3)
(pUHVT4) iy 8% 572 B AL A ZE W) 1R Il 24 2 400 mmol/
L, %824 h J5 09 —4- &R = R 0.97 o
L T 4G 2 1) 5 A8 TR AR AL K B RS 95 5L )5, TE 0T 06 LT
N 100 mmol/L, &M 12 h i /7= 54 1.08 ¢
L, MM E, B ERE E coli BL21 (DE3)
AputA AsucA (pUHVT4) BA W] A 3 AN AL 4 58 T
2 R ISF I) T EL4RE v T A R 1 e A e

PR R AL R AL (8 LAl | BEAT K I 1)
JRCR S 58, 380 o IR 0 A A K T R
R A KA W AR R B -4 &z, o Tl
(REY

-3 2 i

ARICHE E. coli BL21 (DE3)ApwA #Y 3Gl L | i
— R TS sucA JFAEFENAL 15 AR AL G5
H (hyp) . (A TP LR FRERARER, A

S 308k
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