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Abstract: A novel mutation approach, namely, the atmospheric pressure glow discharge (APGD)
plasma jet driven by a radio frequency (RF) power, was used to treat the spores of Streptoverticillium
mobaraense 03-10 for the selection of transglutaminase (TGase) producer. The mutant with high TGase
production was quickly screened according to the formation of color on the double-layered plate and the
different appearances of colonies. The total mutation rate was over 42.8% and the positive mutant rate
was 20.6%. The obtained mutant G2-1 has good genetic and morphological stability and TGase activity
reached 2.73 U/mL, which was higher 82% than that of original strain.
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A= ) A I P B e il (8 11 Joie -4 R - A 2 Tk
JHi 5 i i, Microbial Transglutaminase, EC21312113,
fRI PR MTGase) & — M AL BERL 3L A4 I 155 RS 1l
ERELER BTN . TRk AESCE . R
Iz BEIR =2 [A] 1 3% 42 L KRR L BT 4 N A 2 Tk g
AR 7K A B INE, - DT L 42 B0 R 1 B A B DA R 2 1 T
Jr b AU . AR A5 S DI RE R, AR
HIETRE SR E . Bk, MTGase 7E& 4. 2541, 4
Wil 25 S5 AR 2 )z 0 R R A

T MTGase FEBRMMEMRRE, BT P&k
FR)TD 5 7 B O T A %) S e LTI 5 A R Ay Pk
% oA VBT L 7 7= MTGase WA R Z, £
BT A WA B R 7 DG B 1 O Y A B 2R R D E
o B VR TE A5 5 7 S I o T e T R R R T e T
AWM S. mobaraense FE [F 1A $5 37 FE v 43 W 7= il
PR DL Sl AL RE M, BT BUZ ARk a0k
Bl L v K, T MTGase 87 bk
e, FERTT T R AT T, SRy SORN A ) 1k
A MTGase =" HRBE T B

[F i, A5 R — R LG R AR —RA
JE ¥ 't i i (APGD) IR i 45 8 T IR 5 R XF 8. mo-
baraense SEATIHEALBR, LIFIS MTGase 1=
Mo EIFFERW], KRR &7 A2 —For
RSE B TR, BT AR 4SBT R AT AR
(R e - = U E | B T R D QL A b7 3=
PIRE R, BEAEH THCE W n s AL ) Joe, A LA 4 B
TF1] P 5 AR 1 PR T A T R BE AR, AN 20 B ol
T A A7, T PR VR B v D AT DA AR e Y
PEARRCR, LT U TPl E A, 05k IR
JTE Streptomyces avermitilis E‘Jiﬁiﬁfqﬂgl, BAs T
UFIIROCR o ASBIE R TR SRR IR 55 5 IR & b
EIATIAARNY, SRR S & PR L, s
B AN RAE MRS & TR, T ATERLS
Ji e AR P 4 Bl s B, DRI LA AR TG L 4R
NG BAETTOE . etk . MAKRTCRIWER . X
B o5 QA s o

1 HRETHE

1.1 EH
P VR BE 5 22 T (Streptoverticillium mobaraense)

03-10 (S50 = PR )
1.2 EHFHE
12.1 BEHEFE(/L): % (Difco) 3, Wik bE

4, WEBEE 4, Bl 20, pH 7.0,
122 BFRBAEFE: 2XYT B,
1.2.3 #HB&: [ 1.2.2,
1.2.4 FhFEFE@L): Hilm 20, EAMK 20, B
T 5, MgS0O,47H,0 2, K,HPO, 2, KH,PO, 2, pH 7.0,
1.2.5 ABEFE@L): T 20, HAM 20, R
5, KE# 15, K.HPO, 4, MgSO,-7H,0 2, CaCO; 5,
pH 7.4,
1.3 EFZEiKH
a-N-Carbobenzyloxy-Glutamine-Glycine (a-N-
CBZ-GLN-GLY)fl L-%5 %2 -y- L2 He R (HC A) #1
H Sigma AFl; AMHKGERE)E A EEED A
Al AT E AN 250 BRI
FI 3 BD A w5 8 R I AR 28R R (R
R F ), WA FEEREARA A, BEEEA
IR AR R A R AR, R GR I B b R
W g B 77 B AR BR DT Al FLA 534 | ™
BaniiE
1.4 7%
141 AEBREPREEENE: bE ke
iU 2L 0-N-CBZ-GLN-GLY J1E Y, L-15 2 M-
y- PR i TR ACh v I £ 1 A BT A G B g % i ity it
65 U 37°C B B B AL IE B 1 pmol L-B 2
MR -y - BA YR I R 1 - (U/mL) . BTG 0 52 4642 37°C
SR 10 min, BRSO 5 BN 1 R o
142 HEABBMES: KAWL REE D A
TR IR B, 8T 32°CH 5% 74, £ 110061k,
143 MFREROEE: HEZEMPEI0LFRES
1/4 72457 T34 20 mL JCHE /KA1 20 4503 5 ER (1)
250 mL =AM, 200 r/min. 32°C $E% 30 min, &
3 J2 K PE B AR Dk R AR A T B
1.4.4 FTHHES: 10 mL 0 FEWEM TG
25 mL i & %37 250 mL =¥, 200 r/min .
32°C #3%% 3 he
145 WEFWMZREELE: ARAMFHEBER
32°C ¥55% 6 d RN R 5 AR b, BIA 10 mL 24
2 50°C iy BERE R AL fr— R, ¥
5 2.8 mL I o 7] dnl e (o 65300 Y A ORIE AE S
1 HAEE B A TR . AN A: 100 mg B
a-N-CBZ-GLN-GLY % f#F 2 mL 0.2 mol/L [
NaOH &, A 0.2 mol/L pH 6.0 A Tris-HCI
ZZ MW 4 mL, 0.1 mol/L ¥} 2 mL, 0.01 mol/L [
WFERIABEH K 2 mL, JFH75 pH & 6.0,
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MTGase H FeCl,
X CHZO-CO—NH-(le—CO—NH—CHZ—COOHﬁ» X CHZO-CO-NH-ﬁ:-CO—NH—CHz-COOH—> Fe**-complex
| P CH, NH,OH NH, | CH, (G
- i NH,0OH NH; .
CH, (I:Hz
=0 Y
B NH
NH, on
a-N-CBZ-GLN-GLY HCA
E1 EECRNAENR

Fig. 1 Enzymatic reaction equation

IR R 0.1%5E, — & &JEY), 0.2 mol/L
Tris-HC1 (pH 6.0)Z% #pif, AT 10 mL, JEYF5FEL
B FRE H 2 50°C 45 o0t 0.22 pm B3k it U8
wOKFR)LIEE A

A5 0.2 mol/L Tris-HCI (pH 6.0)Z% ik : 5%
FeClyK = 1:1:1 R A, £ 0.22 um 51k ad JEF 0K
)itk
1.4.6 RF APGD EHFIKIFLTAZE: KRR
FETHEA T R B R TR, AR R
FH 2 SN O 55 B TR T AR, R R
40 W, MGIEEEY 2 mm, FEFIRMIRE < 40°C,
Ui 12.5 L/min, 203 10 pLo P RTREFR IR
P B 20 M (2 A 105107 SN, W CFU
AP, PEAT R AR R ST, R RS 1, 2,
3.4, 5, 6min,

1.4.7 0 &ALV MR FH RUZ - 32 90 i
T 50 SR B ARh . Bk s T 5 B 1% TR 75 PR
RHAIRAE, 32°C 8555 7 d, #Efh—H A K B R
KR ERA 25 mL KRR IR 250 mL 9 =i
o1, 200 r/min, 32°C }53% 45 h, KEEKT 8000 r/min
B0 4 min, BT RCUEE S .

1.4.8 & if: HMp— A K R AFrY 00 i &} 5 57
WEFA 100 mL A FE7 32309 500 mL =AM,
200 r/min ., 32°C §53% 24 h, #% 10%4E R 2R T
KRR HE T, B IR0 S5 [0 07

149 EEREMMESREMEIE: KIS
e o R T d AR 1R, LR 6 1R, R EE
05 WG (7 12 TR S 0), -4 37 A% AR % 4 I ) 5
TR, WRETR AR SRR, 32°C BigR 6 d,
RN ETEEAE 10 DA 10 4, WA HTEIE
B,

2 5R509W

2.1 HAREKNE AT IIE

211 LEREFEDPEVENHE: A X7
PRSP e, TEREETE T TGase J2& LA IE X
Sy B ML AN, JFAE B B AR T T AR AR
filt 1, 56T TGase [ P87 dh G fhad 2 A iF 5 45 51
W TGase fEE IR LA KB BOIF AR, &
TESMEIE U A T 22 0 A T B o3 W RS 4k, IFAETE
BT J5 A5 1k W A TG A R U, AR SR T
WHIE, B RUZFAE, W EE S RELT
AWK BB, NS A R R R
R EEFRIE, S S G 7R R R Bt R B R
FEREAKOY, W R L 1,

[ER k2 AW P i TN/ B oo
PRIPR DA 7% W (L5 e, BERR R TRVE AUAE 15-20 12
(] PSP A S S 3P A, A R RE SR, 32°C #%
F= 12h 5, MARAR, ZERME 2 PR,

P

E2 AREMFINEFRECE
Fig. 2 The images of the plates after the addition of different doses of substrate
I I, 1L, IV, VRSN S5]28 0. 0.2, 0.4, 0.6 1 1 mL.
Note: The substrate dose in I, II, III, IV, V was 0, 0.2, 0.4, 0.6 and 1 mL, respectively.
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HIPE 2RI Bl SN i, 76 AR
ez B IR AT UL A AT I G, BRI A S B0 1
T B L2 - 12 R 6% T O PRk b sz e i TR AR 19 7 il
Ferks [WIEHEY BRI — G S A, AT — 2 ny i
PR LS i (AN, 25 JEsAS, 6 ) 1 o b ik
BIRPI I 500 L 55 T A4S FA b 22 60 sk
bR ANV, O R B RRTE AL AR A AR 2R
AR PR TR, WA BAOBG, R R B
TIE TR A AS 7 8, 3k 10 B2 32 T D 7 il A v
A 32 o
212 HEAREHKEGEMNBE: HiehLZEKD
s B B R N (500 pL)JE, H— %8 T
& % B BE R (6 d) Al A5 1 (2.8 mL)R, H
R VAR 6 1) Tl 5t BB 8 b 25 A 8 PRI T LT 21
25 A W) BT 75 B I ]

R RE R Rk G0 R TA], % B R v S A
15-20 DZ I 6 ASFARAE Lm0 TR, Ff )25
FRILBEEE 5 57 BV 0 2 4 7], 32°C JCE AN [H RS,
MER B AIE I EN, k1 Fiws,

*1 FHREEBLER

Table 1 The result of color reaction on plate

_Ed‘ fil 2 4 6 8 10 12
Time (h)
we - - - + ++ A

Color reaction

e+ WA, M RRAAMIE; - TR AL,
Notes: +: Red color, the more “+”, the deeper color; —: No color
reaction.

M T Al AR A IR BT TR 6 h,
A EJRERE R G55, FIRHERT 6 h
TREOHER . m L EE5IE, 180 58 ™ il R bk
H, RTRAE R ANIED 3 s B R 5 S 1 R AT
RASRRBOG e, R4 55 A S AR PR T 7 1 S 9P AR A
HigRimta] bR IR TR DAL R R R
H A T R S AR TR A D0, 1R 7 S G ] 5
TR B, EL7E R B bR A I E] S EE RT
A PR, Ul W% A R IR B -5 A T PR A ] il e
Jivit B R, 7 RERE ) T ARk, ARSI
FIWT A IE AL bR o (H H T 206 A4 I a] B A e HE
BrEWLR 22, ANRERH R Ja B MERRFEE =K, %05
IEREH T

Original strain
cL—— - = = |
Positive mutant
The plate of mutant
[ T e S | Negative mutant

3 WMEFRERTREWRIGERRIBREE
Fig. 3 The double-layered plate model for the screening of
mutant

2.2 RFAPGD EE FIKiFEL &M

2.2.1 RF APGD EBFHRBHFTEMMHE: HA
TR PR 11T 355 37 VR AN [V ) B) BRI 5, FH AR R R E A T A
JERRE, RGN TN R AR, 5555 6 d, A
25 58 RSP Ak B 1% 6 R 2 9 - B DA TR vk o A
1, TRt R AR R, RSt R
(%) = 100 x (X HEZH 5 mL % WA -5 28 20 5 mL 1%
PR/ B A mL 0 PR, A5 B AR BRI R) R 1Y)
HHER, WE 4 PR, RIEESRERE(%) = 100 x
(5 728 U A T 14 T8 25 98 A8 TR U /15 720 TR A ~F- Al ) S
HE), AU IR S RN E X WiER
AT 10T ¢ g R A8 T B 80 w6 A ] T TR R Y
THOL, THEAF R AR R MBS RAE R, W
Kl 5 Pios .

100
80
60 r

40 +

Lethality rate (%)

20

0

0 1 2 3 4 5 6
Exposure time (min)

4 AEERRSTESE) T RO BOE 2R h £k

Fig. 4 Influence of exposure time on the lethality rate

R 4 P SR SE I AR I BT R
(B A7 7E 2 W0 ) 3R L RI00 OC 3R, it 5 R ST B ] ) 2B
K, BOURZHIEN, 4 B E AR 6 min B, 2
FEAIRF] 100%; &5 AL, JEARGEAR R MU
A IE] A 3G T 4 v, 243k % 4 min IR ROk, HEK
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S ], SRS R T T We . a4 SR
LIt RF APGD 85 TR IS 4715 5B s
GRS H RSB 00 4 min, ABFFEHERE 4 min
F 7 5k o A A B

50 1

40 t _\-\‘

30 |

20 r

Morphology mutant rate (%)

10

Exposure time (min)

5 TEBSHETHESRTRi%
Fig. 5 Influence of exposure time on the morphology mu-
tation rate

222 RF APGD EEFHREBHABEEERS:
Xf & AR EFT RF APGD 25 5 FIRIAAE, HE 4 At ]
4 min, RHABEFRIFIEESE 6 d, 250 P HLEVEE K
TE 30 P CEI A PR & ECE 8—12 Z i),
KRAH 100 NREEIEELRAT %42, HILERD
MIETE DR 14 2105 G1-G14), HAb 5 H & #
WIS MR EENRS A G1s, BRI EP kL —
HRILAI VR 2R, SIEBFEWNE 6 fim. 58
G15, 5 kRMWHIEAR, 28LR, Rimka s
4%, At 058 Gl. G2, G4, G5, G6. G8., G9.
G10.G11,G12.G13.G14 5 EEHIESHLE, F£
T M B3O8 SR AN R A5 G3, T e M
W, BRI E 2 2EE 6, SR G7, Wik
H RO, WEAT R A

223 FLHTELER: B EMHBUZ AL X304
Al b 250 ASERTEVEIEATRIO, fF )5 R AL
J5 ST VRN A6 5], 32°C Ki g%, FEBE 2 h B
oL, G5RNE 2 R,

6 RFAPGD B FIRFTFMAREEMISHE
Fig. 6 Typical images of the colonies after treated by RF APGD plasma jet

TE: G1-G14 AL 5 R WA R (4 B2 R V5 0K G1S B9 IR R IB S MR MR AR, Uil Mm% IESk A 15 8 T R r
W, WA 32°C 4K 6 d B R . 3 T%LPREAR: G1: 2 cm; G2: 9.3 mm; G3: 8 mm; G4: 9 mm; G5: 8.5 mm; G6: 8.5 mm; G7: 6.5 mm;
G8: 5.5 mm; G9: 8.5 mm; G10: 8 mm; G11: 8 mm; G12: 7.5 mm; G13: 6 mm; G14: 7 mm; G15: 5 mm—7 mm.

Notes: G1-G14, the selected mutants had clearly different morphology compared with the original strain; G15, the selected colony had an
appearance similarity to the original strain. All pictures were obtained after treated spores plate had been cultivated for 6 days at 32°C. The
exact diameter of the colonies: G1: 2 cm; G2: 9.3 mm; G3: 8 mm; G4: 9 mm; G5: 8.5 mm; G6: 8.5 mm; G7: 6.5 mm; G8: 5.5 mm; G9:
8.5 mm; G10: 8 mm; G11: 8 mm; G12: 7.5 mm; G13: 6 mm; G14: 7 mm; G15: 5 mm—7 mm.
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3 2 AT FHEES NS G2, G4, G6. EAMRS G3. G7. G8. G9. Gll. Gl12. G13 K
G10 MYRAERk 4 h W6, WEES NS Gl. G5, RIS
Gl4. G15 W2E75kk 6 h B, WKES NS G3 KT A, 12 h B EE ST 9 5

MIZEZE MR 10 h (6, HIPEZERAER SR 12 h, B AR, a8 — S A W% 2
BRA RS, HMESHER 12 h TRERSE. h1 8Pk, 59%5 R Gm-1. Gm-2 (m & EFE 5
T R RS AR 6 h, BILAT IR AW ETE 05, “WrRIR IR WE, A7 R, 45
EEWMS G2, G4, G6. G10 WIERBIEA, Wik WK 7 iR,

x2 VWERTFRYFERELE

Table 2 The result of color reaction with double-layered plate screening

B S BT R Time (h)

No. of colony Colony number 2 4 6 8 10 12
Gl 4 - = 4 i3 A AR
G2 7 - +* S5 Sans R A
G3 3 - - = = s s
G4 5 - +* S5 Sans R A
G5 3 - = s ++ s At
G6 4 = s A i A s
G7 6 = = = — = -
G8 4 = - = = - -
G9 2 = = - = = -
G10 6 - s Sl s A s
Gl1 3 = = = = = -
G12 3 = = = = = -
G13 3 A = = = = -
G14 54 - = 4 i3 A AR
Gl15 143 = = I H=F Sain AR

e+ RGO, M RORL OB - LEOARA.

Notes: +: Red color, the more “+”, the deeper color; —: No color reaction.

25

20 f

7
él.S- % ﬁ
S . oS . &
= 1.0
=
0.5 r
0.0
= 22 A oA J3 24 22 23 IT 24
VYO VY VY VY VU OO DO OO OO
Strains

E7 EEREEZMNERVGER

Fig. 7 The primary screening results of shaker culture
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H LA B BERERY 18 PRIEEHIH K v bk 0 8 R0 0
g, L E T REIER IS G2, G4, G6.
G10 JE AT R M 1E 2828 B bR (R XTG> 105%),
HRPET-H_E 45 RIS FE AR (R 2 i), il
MR RMIE R R BRER = WEARALH
TERU S TEVER = (250-143)/250 = 42.8%,

IERARAR = IR ETEE SR REER =
22/(250-143) = 20.6%.

224 EHHER: MW RTE T IERZBKIY
A, MIERBWRIIT RS, RIG R, 5855
WG Y 3 BRTE, 45RAnZ 3 Fin.

*3 EiH%

Table 3 The result of second screening
Wk
The No. of colony
{365
MTGase (U/mL)

G2-1 G4-3 G6-3

1.50 £ 0.03 2.73 £ 0.09 2.55+0.13 2.97 £0.12

3 5 RAKE G2-1. G4-3. G6-3, ik
BRRRBETG 43 04 T 82% . 70%. 98%.
23 BT EKREEEIRE R SIS E T

7 1 1) 1) 4% R TR S A R R T st A AR E Ak, ()
BFAEFES AR IS, FE2 R T 558 14 41 i
SEZ AN, HXT TR E R ARG
FIRE S IR AN IR G, IXFE il 2t AN Sl P V%,
R FRE M Y AE TR, & 5 B0 e B = 7 TR AR 4
T ARG AR A =Pk s B0 PR, R O
F 3 BRE R G2-1. G4-3. G6-3 HEfTis L Ha
FEMERIE SR E R IRIE, 25580 8. 9 M
10 7 o

S AR 6 IR, RALRR G2-1. G4-3. G6-3
B 5 20 9 R R 2.2% . 2.9%. 9.7%, WKL AR
TR 4.0%. 42%. 15.8%, ML THE G4-3
G6-3, G2-1 AR EMERG, HEA RifFrstfefe
PRI AR P .

3 i

AT R —Fh B BB E A F M FBRRR
J ' R ARG L 55 B A T T4 s AR S Y
S. mobaraense 03-10 PfLF, ik MTGase 15> &
FR, XFREAR 77 MTGase [ FRIE T T B R H,
WA TARGFAORICR, TR 3] 1 LG & AR TG 42 =
82% MR KR G2-1, FFiE iR RSB IR E T 1% A bk

http://journals.im.ac.cn/wswxtbcn

—e— Relative activity (%) Relative morphology (%)
100 2 _

WL

80

60

40

Relative activity (%)
Relative morphology rate (%)

20 r

n
v

0 1 2 3 4 5 6
Generation (7)

El8 G2-1 HREFESRENM

Fig. 8 Genetic and morphological stability of mutant
strain G2-1

TE: AR 35 R A2 5 521 10 1P AR b (AR
HEEB 0N ER), BAZHE ISR & SRR Bh
AT L .

Note: In this work, the relative morphology rate refers to the

percentage of the colonies with targeted morphology in the total
colonies. Same below.

—e— Relative activity (%) Relative morphology (%)

7

100 . .

80 r

60

40

Relative activity (%)
Relative morphology rate (%)

20

0

0 1 2 3 4 5 6
Generation (n)

B9 G4-3 MREMFSREN
Fig. 9 Genetic and morphological stability of mutant
strain G4-3

HA R RE A SRtk i\ 7 R<
R LA IR 55 S TR AR S A W B R b 52
AJAT, AR G U B A PR R R T —
P iSpay

HWFFEF I RE APGD figf% LUI—Fih R O AL
1 IR PR A R I B IR TR, AR A% 1R 17 41 A )
W SEAZ AT R I it AN ) 9 /N - B R TR B, T
A REVE R T 3 R RL A 2 REENS G R
7% MTGase FURF78HF 48 i RYEIEES S 2 1)
AEE —E R PER Y, ARBF5EFH RF APGD 4b
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—e— Relative activity (%) Relative morphology (%)
100 P "\’__'\'\.
S e
S 80t %
22
52 60f
3 £
o &
> 9
S B 40
—_ 0
o
=
£ 20
0
0 1 2 3 4 5 6
Generation ()

B 10 G6-3 BEEMAESIREN
Fig. 10 Genetic and morphological stability of mutant
strain G6-3

¥ S mobaraense 03-10 T, HEFHFAETHAER
] R 22 A8 bk, 3l L R R RITE S I 28 28 1k 5 1
KW EERE T, B T IERAERMIES, fifk
TR, BT RROR

FAN, AEB S I e MTGase & 77 Bbk 7 ik b,
BT RUZ M ik e 2 AR B ik 5 R B vk B (22 5
HEATHI0E, ARG T AR 2] T ARGE A 1, IR IRAIE
TIZI AR, WE kT MTGase [ ik
PRAL TS 5% OB FRiE MTGase &7
HRR T M E R, T ERUZ ok s, B
JE 5 IR B R AR R 2 A V5 R A e A, AN
SR Y, BRNE [ s, LSt 2% kAT
ik, B, REL. fAeE; i, AR
VAR, HIR A R K S R, K
Az K5 7 A 45 A T 98 A8 AR TR R Y % 3 R v
SRy S Ta) 7 196 2 A8 R TP AL T 53 S BB AT 5 12 o
B A KRBT FRMFTLAKE. LWL,
FIE BT H PR F 2 AL F 89 RF APGD ¥ & T
R RRET o, AR TR ey,

2 % X M
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