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1.1 ##

L1 1 GEARFNTTRL : W K 4 55 B4 (S, hygroscopicus)
CCTCCM203062 A 52 5 % P 4 338 v i 16 45 2], K
JAFF B E. coli IM109, XL Ij BE I B0 &Y 2F W2 i KL
pKC1139 (I 52 38 K 24 X F 8 e+ 5 ) , K F
B ET12567 (3% [E John Innes BF5F T4 ) .
1.2 S5l KIGFF WA LB X9 2, 66 % Ml
A K 55 52 5 YEME, Ji AR 7 4R 75 4E 35 9% 5 R2YE
T f 25 1 [ A 35 3 Ms™

L3 250 R A 4% - BRIk o U0 1 | 3% 4 1
Taq B, J5RE 32 BUR 7] & DNA 5] i 70 &0 45 1
TaKaRa ; % ¥ % % ( Apramycin, Am) K & &
(Kanamycin, Km) g { FigA TAEY TR AR RS
HIRAF S,

1.2 MTG REERERKSBHZE

1.2.1 HEZE B DNA BRHC. #5 B8 SCk[9 1 617
1.2.2 MTG R B3 TG f3K45 : M MTG it
HE DR BELWT , BB MTG 5% 5 45 i 5 [R5/ 3 3
100 bp i BE LB TG, M4l MTG S H ¥4, 4
SELH S"A1 350 100 bp % B IF A B IE 514
£, 48] A Hind L #l Eco R {§Y) {57 5 : 1F 1) J$
% Y1:5'-TTTAAGCTTCCACTGTGAGTGCGGCGATA'
(FRIZ, BARF N Hind A7 A5 5218 51805 51 K
Y2:5 "~AAAGAATTCTTCCGTCTGAGCCCCAAACC-3'
(TFHIZ, BAKF R Eco RIN ) (WA TAY T
PR AR MRS A BR A F A5 ) o PCR ORI A EVAR R Ry
25 L, DA 1 L B0 7K % 25 1 S0 DNA g BEHR i 47 Js
o I 4 R:95C 5 min; 95°C 1 min, 65°C
1 min,72°C 10 min,30 ME#* ., PCR 724 MTG X
K, i 44 o TG,

1.3 #1k

1.3.1 A S i ks pKC1139-TG1 #4 2 H1 6 H1 gt
Ak Eco R 1 Il Hind T A U1 3 3 fit I 4550 % 28 4R
ki pKC1139 (6.5 kb), 4R J55 TG1 3t K it 17 %
P2 540 E. coli DHS o &2 450 LI P He b Pk B
PATR Y% 38 i PCR R FORE D) 56 IE . 56 UE 1E 7
V5 20 TR B A R I A TR ET12567 | DA BH P 18 7%
e I SR R Ay 2 FH R A i) 2 TR

1.3.2 S R 7 B 5 TR DR A TR o A B
S HSCHEk[9] .

1.3.3 %:AkF PCR %5 . fh T B A AWK 5 5 1
AN AL R R (Apramycin) HitEFE A aac, 17 5 4H it
R DR S e NS B PN A A e TR e 22
IKEERE AT A T % % R (Apramycin) HTHE R
KL A Apramycin 44 5 & i 1E ] 514 P2:5 /-
TGCAATACGAATGGCGAAAAG-3' fl )% [q] 5| ¥ P3.
5'-TCGGCCCAGTTGACCCAGGG-3", PCR 2 I s {4
Z M 25 uL, L1 pl f9E DNA MR, 2Ry 2% 4
$:95C 5 min J5;95C 1 min, 65C 1 min, 72C
1 min,30 MG
1.4 PCR ¥EHLFHESHA

T pKC1139-TG1 | 2 & TG KA H- W, 239
B/ 5780 355 100 bp A B, DALY L TG 556 4%
e E 5 % Em sl 4% Pl: 5'-TGTACAAGCGT
CGGAGTTTAC-3", Lk Apramycin Hi 3L H (ace)3 '
it k1 51 ¥ P3: 5'-TCGGCCCAGTTGACCCAGG
G-3',PCR =YL HE T TG KA 9 L i 5 4 )7 51
Bk A ) TG1 FE A i B ) Apramycin HTPEFEF aac
TR T A .
1.5 BREEREREEHUE

Fb 6y 00 5 1 3% DL N-a-CBZ-GLN-GLY m1EH
W, L- 2 R -y TR R bR e th 2. 1 AN FRf2 45
A L iz 7% Tz T I 355 o S g < 37°C I 4 43 il 4 AR T ik
1 pmol L-4 %Ry B2 R B (U/mL) 7

2 HERFpAT

2.1 EHERK pKC1139-TG1 ¥y fn 4k

DA 7K e B A 5 PR A R AR, 3 R 1. 2 Tk
iT PCR 4 4% i1 —Bf 1020 bp R Wi (TG1) , 5
TG 1Y 58 % 2 1 JE K AH L Bk 2% 1 A /5 4 100 bp J

pKC1139-TG1

7500 bp

Pst 1

B 1 pKC1139-TG1 J&#i[EiL
Fig. 1 Map of recombinant pKC1139-TG1 plasmid.
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B ¥ PCR ¥ #4544k ™ ¥ 5 H] Eco R 1 #l Hind 1
XU pKC1139 #0440 R W7 i 45 4 2 1 29 7500 bp
i 2H ki pKC1139-TG1 (&l 1),

PR 41 ki pKC1139-TG1 2 i Y 4 iiF J5 %% S.
hygroscopicus JF /£ JFU A, 7F R2YE B A BE R 5L A K
18 h, JIAGE B BE (25 A 2K ,28°C 15 9R 5 -7 d,
2.2 EHHERUFHIZ

T pKC1139-TG1 4 A I B R E 3h 1, 2 5 5%

Ori pSG5

TG1

Cla I (3350)
EcoRI(1150)

TG(part)-genome aac(3)IV

\

Pst 1 (4810)

R R i 39°C W, % U B FRORL R B A T L
pKC130-TG1 Ff #5745 5 TG1 4 J4 Bl 15 e 6 f
00 19 X B ) 0 4L, 1 R T3 i 5
Bl A F R (1K 11 TG L (81 2)

44 Apramycin HUHE T HL_L K th A B 9% 5 4 5 53
& A7 Apramycin §9 MS Hi ¥k A7 LB T 39°C B
Fe P4 H 0 7 BT A A T 24 R pKC1139-
TG A T WK B A B 4 4 1 1y T R

OriT RK2

Pst 1 (5680)

Hindll[(7650) | TG(part)-genome

/

B2 pKC1139-TGl XHEIMAFEERHAFBE LRER
Fig.2 Sketch map of pKC1139-TG1 location in chromosome of S. hygroscopicus after single crossover.
2.3 EHEULFIIE
PASE L AR v, R A R B A B BE A T AR
A (B 3-A), Dhyitk i Be B aac fR7E 5 & Mo
A 7 Ok B E pKC1139-TG1 7 ki J2 75 4% 5 %)
etk b, BHMERERAFACEA TGl HEH A B, i

MTURL pKCT139-TG1 (1 5 3¢ 46 5 20 3o B b 4R 15 Bt
PEIE . $ 1.4 HhpriR k1T PCR %2, PCR j= ¥ 3
WAR/PNH 3.0 kb (B 3-B) Zedy, 7Pk 3 MR
AR LRSS B R BOR/NERE R B, Xt
MR 4 WP /R P WA ki, F— 2 LLE B 1 1 PCR

(A) — TG1 Original DNA
acc(3)
TG1 TG1 Disruptant’s DNA

I B

P2 ]

Pl P3
(B) P1-P3 (C) P2-P3 (D) P2-P3

1 2 M K

bp
—6000
—3000

— 1000
—750

—500

<700bp—>

—250

B3 EEFEETEK PCR IIE
Fig. 3 Confirmation of MTG gene disruption mutants by PCR. A: Primers for confirming gene disruption MTG mutants. B
Electrophoresis of typical colonies using the primers P1 and P3, giving PCR products of 3000bp in A.1,2,3: MTG mutants; 4 S.
hygroscopicus ; M : Marker. C: Electrophoresis for PCR products of the sample in B-1. D: Electrophoresis for PCR products of aac.
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FEY IR, L aac F& IR IE R 7514 PCR §~
B4 11 700 bp Y aac FEH (] 3-C) o LB BOR L 5 i
AT A TR Y R RS S A TR

[ B 4% Apramycin 477k £ B3t T iR 51 9
P2 P3 #47 PCR %, W& 3-D fron, LABH A% 1k
TRy HEER A pKC1139-TG1 Ji ki &4k PCR g
%3545 700 bp 7247 1Y Apramycin Hi ¥ K aac, #
530 PCR 5 Brdb A7y , B2 )7 51— 3%,

PCR 50 E 5 240 F 1938 G 40 B S aac 01 5E K
JP 45 5 UESE T 20 TR pKC1139-TG1 & 45 51 W 7K
R T Y R TG JEH b ZRAS B RR S TG BH WG 17 BA
PEEA T, w40 S h-ATG,
2.4 BEAFEHFLEREFEEREKEER

15 T 4 T AR R AT 9 R A 5 % AN [] B ) B
A6 00 A, G P 4 TR, B AR B R AT LR I #) MTG
it 1% , LR A o [ AR B AR B 5% aek R e 2R AN
£ MTG FigiG (&1 4) .

5 /-TG 3 5.h-ATG
0.87

0.61

0.41

TGase activity/(U/plate)

0.21

TGase activity/(U/mL)
(=]
[><)

0.0
20 40 60 80 100
t/h

B4 HERMMEATOSHRERBERLE

Fig.4 MTG activities of S. h and S. h-ATG during cultivation. A:
MTG activities of S. h and S. h- ATG in solid culture. B: MTG activities
of S. h and S. h-A TG in submerged culture. N: none-detected.

[ B X5 S. h- ATG #E 47 [ 47 4 15 7%, UL B A=
PR R R X BE 43 S0 S A R R A 4 b B ) — o

PR X3 (J&05) ,32°C K 7% o 75 T M i 30 A K i
R LB 22 0] DUIE R A, 48 h iFEF AR R E
SR R E R 22, M EH F S. h-ATG &
AT EFRWE A KRS AR AW LA R, 4k
SEREFE A 120 h BPAEFR S. h ELTFRTE K R
TLEHT S h-ATC WA T IR 4 % ke 5
Jide it BEL W9 foff 2 201 BT o G 25 1E % A B A< A TR 24
A N BT AR TR R B BEL U TR PR B 3R 6 d 3 i A 22
W IBE LSS (B 6) , B AR T PR AT AP SOA TR 22T i
LA ACTE AR -, T BEL T T PR A A T 2 A
HERYIE B, DA I 5 5 2 B 4% S 10k e T i ity T K
B W EH A KT AT .

BS AEBERERBERNAHERNRENE

Fig.5 Phenotype of MTG gene disruption mutants. (A) S. h and
S. h-ATG were cultured for 48 h. (B) S. h and S. h-ATG were
cultured for 120 h.

2.5 S.h-ATG E[F BB #k B % SLI&
Ay S BH T R N RE A R I A AE B 22
MTG 3 K 9k BH W7 BT 250, 65 B W7 5 B 8% 7% 76 S A L,
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Bl6 #AEBpREREEEFBREKEMUE

Fig. 6 Phase contrast microscope observation of MTG gene
disruption mutants. (A) S. h were cultured for 6 d. (B) S. h-ATG

were cultured for 6 d.

E7 EEHEEBEKREAKRE

Fig.7 Phenotypes of MTG gene disruption mutants by adding MTG.
A: S. h and S. h- ATG were cultured for 36 h without additional MTG.
B: S.h and S. h-ATG were cultured for 72 h with additional MTG.
MTG was added at 36 h.

Fi 97 36 h, It BF AR bR 36 h C 2B MR R AR
22 HEHWT Bk S. h-ATG ik T8 A KR 2 4£ K
BrBLCIE 7-A)  [FEARYE 2. 4 SE56 Al S, BEL I 1 A 4k
LGSR A I A R 22 o T BEL BT B kL 7S

2 U By MTG B 4K 2235 F5 2 72 h, W&l 7-B FioR
BT e, L 50 00 2 220 3
o J4 MG WA 1 LT B8 e, 8 BEL U B ok
BRA T MU I A T 2 0B T D T L g b
AR L0 S T TG 3 A g LG 7 54
3 it

A5 SO R LG A 75 38 KPR 4
SR P 0 A 0 DR LI 5 R
8 o A 2 0 ) — T ok, AT
TR K e T
e LT B4 9 3 o, 9019 <51
5 0 BEL T 5 s 55 /I LS R I DR 149 £ S
A TR A B B P 7L X5 vk h LA A
P AL pKCT139-TG T B Al W /K 4% ¢ T J5 2 5
PRI 05 i T A T G b LR O 1
SH 5 K B o 3 A DA B BELI B 5 B4 T 7
a7 ik

S MTG 44 % 3 I8 1) BT, 503 T 4 MTG
G P2 ) R O AL DT T MTG B 5k
e 002 R 24 o
22 ST L 4 KT IO0 3 A 22 4 2 1 A LR
FEr I i o KA G 24 0 R
Ay A TR AR B L 20 5 1 4 £
R S (IE 40 Y TE 9 S A B i A
AL 5 5% 2 B0 9b IR0 IR IR 7 2
HERE . 100 B2 38 00 53 0 T LA AR R 1 —
PR SR W I 7 0 50 6 2 0 0 M B 4
HORHESR A BLAL™ o o T MTG i L 2R 1 7 2
F )yl AR 0 5 1 85 9 B 22 08 3 ol
ST 11T TR 45 A 1 22 1 90 b e B
T Y S 3R 25 T AN 0 5 8 2 £

MTG 255 655 B 10 U B 2290 L, o T 3L A5 0k
F 1 B0 Bl 4 035 AL T R 24 7 B
RO CHEIR K o 1 WO A T LR M 36 K 4
BTN | L5 B 5 )AL R B U
ARG AT B MTG 7 8 I 06 MTG 2
B AN 0 5 TR 38 5 B 48 40 T KOF 13
— 2B XE MG i 4l I 138 A7 53 7 A1 02 45 F 5 ok
L.

B R#MHLAEIBRFRFHRELEW AL, &
HPERFEHAEIAARLEL L THENT

p s
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Effect of transglutaminase-gene disruption in Streptomyces
hygroscopicus on cell differentiation

Kangkang Chen®, Song Liu®, Xiaohui Ju®, Tengbo Ma®, Dongxu Zhang’* , Guocheng

1,2 . 1,2
Du ", Jian Chen "

(' State Key Laboratory of Food Science and Technology, * Key Laboratory of Industrial Biotechnology, Ministry of
Education, Jiangnan University, Wuxi 214122, China)

Abstract; [ Objective ] To provide theoretical basis for understanding the physiological function of transglutaminase in
Streptomyces, which would benefit for improving the production of this enzyme, transglutaminase gene was disrupted in
Streptomyces hygroscopicus. [ Methods | First, the interruption plasmid pKC1139-TG1 was constructed by inserting a
segment of transglutaminase gene in the temperature-sensitive vector pKC1139. Second, pKC1139-TG1 was transformed
into S. hygroscopicus protoplast and the interruption plasmid was inserted into the chromosome by homogenous
recombination . Third, the strain with disrupted transglutaminase gene was screened by apramycin resistance and named as
S. h-ATG. [ Results]Compared with the parent strain, S. h-A TG was able to grow as substrate mycelium, but not able
to form aerial hyphae. [ Conclusion ] Transglutaminase may be involved in the aerial hyphae formation of S. hygroscopicus.

Keywords: Streptomyces hygroscopicus; transglutaminase; gene disruption; mycelium differentiation
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