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ARTP mutagenesis mechanism:

Hot spot analysis

The hot spot for ARTP and ion beam implantation

(§

-y.
M?é

Site AA change bp change

1518
1535
1546
1565
1576
1586
1592
1600
1691
1721

1527
1576
1716

1535
1576
1721

1546
1565
1576
1592
1692

NON
D-N
D-N
D-N
c-Y
R-H
E-K
G-S
G-R
E-K

w-C
C-S
NON

D-Y
C-F

S-F
S-F
H-Y
S-F
P-L

GC-AT
GC-AT
GC-AT
GC-AT
GC-AT
GC-AT
GC-AT
GC-AT
GC-AT
GC-AT

GC-CG
GC-CG
GC-CG

GC-TA
GC-TA
GC-TA

CG-TA
CG-TA
CG-TA
CG-TA
CG-TA

Wild (S0 ARTP (100 10 KeV N*
colonies) colonies) (50 colonies)

15

7.5%

r
o
o P @

0.0%

15
10
22
1
5
7
7
6
55.6% 22.8%
1
1.0% 0.0%
1
1
2.0% 0.0%
17
5
g
12

1532
1534
1547
1552
1558

1715
1547
1577
1714

1538
1714

1538
1558
1714

1547
1558

TOTAL

AT-CG

AT-TA
AT-TA
AT-TA

TA-GC
TA-GC

TA-AT
TA-AT
TA-AT

TA-CG
TA-CG

Wild (50 ARTP (100 10 KeV N®
colonies) colonies) (50 colonies)

9.4%

7.55

0.0%

7.5%

3.8%

53

13.1%

0.0%

0.0%

[

!0

9.1%

929

};‘5
)



Oscilloscope

H."
14l

Matchin,
Network

ARTPFSFFRHTE ( 2006-I7E )

BB B_REH

Commercialized

ARTP® Breeding System
Chinese Patent




IR HOFINEK., B2

e’ 4 e ey

Dr Keith Carpenter and Prof. Xing

HrhndkA. STAR, ICESHH 47 Fir



IRRER

iE 15 & o 2281581 §

S H B 2L FAE

KHFN G ST HRERE A

BOW A RRRR AL B

L 2011 2 0425946, 4

CHBWH 20001101 H

B A SR TR o)

A [ 2012407 04 H

AEMBRBTAMRAF FARACN LTI E, ALRTFA
ARESFAL VSRR LT afe. HRgRarszalin,

AEAERMRAHE, GPiraRN, FHRAR SR FHALR
BEMMIE. AEHGFQHEAES 11 01 8 WA, AREPEMHBA
RECEE L ES SE LT

FAEE RN A MRB LSRR, FHROHG. Ay, L%, L
CHBANB AL, N, RERIFFRRNLAFUSREE,

sowos rm

iE 15 % 9 235466

AL R4

* H S

3 4

BOWOA:

S B 8L FHE $5

UHERCE S (AL AR

b B A R A

2011 2 0514292, 2

GF i H 2000 9012 a2z H

CHR A

R #EH: 2

AEHGE

BELBAFRE. &+

Hh RSB F T8
FHESZRS g

FHRANR L X2

BusVE, RALRTEH
LR AT X

LK. FHRAR SRAEMWRAR R
F2ELASF 12012 BWHRN. RERRTHSS &
AhL

HERA. ARGHAD, R, Lk, 82,
B ARZEFEARLRALHEREL,

RGRA+E, 4P

E R SRS

x W & A P

BOW G W SRR R R A P W B R R T iR
%W A MR R RO AR R
& B %70 2008 1 01758730

G El: 20084611 H 0T H

RMsM SR Sk

% A URCIE P
& OB A: JERURRE SR AR A W) o e LUSSCICE e 1 13
R AGH: 2012908 ) 291 & B % 2L 2009 1 0237616, X

AR B RHRAP BARA PN SRR &, RERT AR, LS . o o —
Hhb BT, SHRARAASX DM i, CEMmigH: 2009% 11 1B H

A EARBRD S, QPN bHRAR SREEHRARD
NEERMEE ATHQLRNSERILN LI REN TEREL N G OH R A WEKSEERBREA MR

FAHRNE EMAFTHAZ QML
& PHE B IR L SRR, RS, Y. Rt k. Y
FHRAND LKL, Wik, RELRYFRARMRAS AR L,

MWﬁA%

BLH OO0

SR LRI
NELMMER. A UG EEHRS
RN TR 35 AT

H

FARA AN & L4, SRR

AR

RA=TE, 0¥

LY MBRAR SR EAR TR
BHRA. KERELRHAERY

EHROWB, Ky, LR,

Rz a$ e

SR

BN GULD




ARTPIEZ &

AL

EREFEENRAKE BESE , ARTPRE
HEme 2 Setting the parameter,

and operating

3

cterial solution Transfering the metal
and spreading plate to objective table

|

BRI AR E R RBEER

Shaking and washing into
bacterial solution 5

Spreading the plate




AAIRBZ— B

Table 2. The mutation and positive mutation rate of ARTP jet on Strepfomyces albulus.

T T M P
Cnlnny_n_'m 342 226 108 89
”%ﬁ 31.6%

%T$EE 26.0%

T is the total colony count afler trealment with ARTP on the solid medium without AEC and glycine; T is the lotal colony count after
freatment on the solid medium with AEC and glycine; M is the total CFU of the mulants; P is the CFU of the mutants with a yield of

e-PL 20% higher than that of the original strain; Ry, and R, represent mutation and positive mutation rate respectively, Ry, = (MT)
x100%; Rp = (PIT) x100%.

FRTEHK: «BiFiEm=iE=20%LU £
e-PLFEZE (g/L) MERRE

Bk F1 F2 F3 F4 F5

A-29 | 1.59 1.43 1.40 1.57 1.50

A-45 | 1.48 1.56 1.39 1.49 1.40

A new mutation breeding method for Streptomyces albulus by an atmospheric and room temperature plasma
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Abstract Developing rapid and diverse microbial mutation
ol is of importance to strain modification. In this review, a
new mutigenesis method for microbial mutation breeding
using the radio-frequency atmospheric-pressure glow dis-
charge (RF APGD) plasma jets is summanzed. Based on the
experimental study, the helium RF APGD plasma jet has been
found 10 be able © change the DNA sequences significantly,
indicating that the RF APGD plasma jet would be a powerful
ool for the microbial mutagenesis with its outstanding fea-
wres, such as the ow and controllable gas temperatures,

Introduction

Microhial breeding by aliering the genomes is of great impor-
tance for biokechnology research and bioindustry. In nature,
mutation comhining with natral selection is the key diving
force for the life evalution (Lee et al. 2012). However, from the
viewpoint of strain modification/engincening with improved
phenotypes or finctions, the natural evolution process is always
not efficient enough and takes long time due o the low sponta-
neous mutation rates (Drake et al 1998). Therefore, many arti-
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£pll—: IBS E cloacae ML REFEGHBIE (TPH) BYEGE

o i
LB+0.9%NaCl

E. cloacae VB BRA
(a) FPHERIEHE;

(b) SRZE Ko

TEM of E. cloacae

{(a) Wild and (b) Mutant.
.,

ey
dpm
1.2 1
W WTin LB+9% NaCl MU-1 in LB+9%NaCL s Basal
1.0/ ®WTinl8 MU-Lin LB 12 Basal+7.5%NaCl
/F’/ —_
8 / Q\o, 10
./ z
B 8
o 6
O 4 B
/
2| '.':,"'I’ , I
0.0 : 0
" - " 0 9 20 Control WT MU-1
Time(h)
MNEKHLEONUEY, REEHRNIEAEPHHER EFH 12 K5, REERYN TPH BB et
SN2, MBEREKRTESHETE D/ 1Y 0EEK. BLRVEHK E. cloacae, L HESEIAED,
From the growth curve, the mutant exhibited its high After 12 days of cultivation, the ability TPH's
tolerance to medium with high salt, while the wild strain degradation of mutant is much higher than that of the
almost can not grow with salt. wild—type, especially in high—salt environment.
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=B =S S.avermitilis FI4EZ Bla BI&
Case ll: Streptomyces avermitilis

140 o
120 i
41% wild
100 ° Az B1a
o)
i B2a Y v
€ 60 | Sl o Ala
15 B2b 'Azb ‘ / -
20 : Yhv I\ v /) v ¥
0 1 TG . 15 N (R SR N N
140
120 G1-1 Bja mutant
- 122 ’ 26% A2a a9
< ‘ L
£ 60 ]
s Bza © B1b || Afb At
20 | I v Iy 1 (v
0 2 il VPSSP ), ¥, S o s L B o
0 2 4 6 8 10 12 14 16
Retention Time/min
S. avermitilis % ARTP ANERFEHNETRERSH ] RULKE BlaFEAKRS, BESS4E
R, RBEANREERITHEE, DARNERG v RELLH (61%) TS T FHEVEIK (34%)0
BRES M, v The mutant show its high vyield of B1a, and its v
Diverse colony morphologies of S. avermitilis after B1a’'s ratio to total avermectin (61%) is more
treated by ARTP . higher than the wild’'s (34%). v
Colony w
Group  number NO. Reia* Rrotal* a(%)t \A
v
w 1.00+0.09 1.00£0.07 39.1 > & S Vv
61 7 G1-1  1.43$0.22  1.18+0.09 47.4 RIBFSNREEHRHTOE, DEIR
G1-2 1.3710.12 1.28+0.12 41.8 Ni] !
G2 11 G2-1 1.16+0.07 1.11+0.04 40.9 MEREOREE . v
G2-2 1.15+0.12 0.77+0.10 58.4 The mutants, classified by colony’s
L i i how their diff
63 15 63-1 0.53+0.08 0.37+0.04 56.0 morphologies, show their different
G3-2 0.35%0.15 0.53+0.11 25.8 fermentation ability.
G4 12 G4-1 0.660.08 0.47+0.05 54.9
G4-2 0.39:0.07 0.32+0.03 47.7
G5 26 G5-1 0.370.04 0.30£0.04 48.2
G5-2 0.4410.07 0.40+0.03 43.0
G6 8 G6-1 0.91+0.05 0.92+0.09 38.7
G6-2 0.440.10 0.39+0.04 43.3
G7 7 G7-1 0.05£0.01 0.10£0.02
G7-2 0.2410.12 0.30£0.08 27.3
M 86
G8 202 G8-1 0.89:0.09 0.97+0.04 42.2
G8-2 1.02+0.08 1.05£0.10 38.7
T 288
Rm=M/T=30% R=P/T=21%

*Reia and Rrotal represent the percentage content of the mutant’s Ysiaand Yrotal to those of
the wild strain(w),respecively.
ta indicates the ratio of Yeiand Yrotal



2= 125 R toruloides BIF=HRERES]
Case lll: Rhodosporidium toruloides

— mmmm Growth rate pon  Lipid concentration
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BT T 44 TROGFNGEEHRE BT 48/ )\ WEHKRZTE IR EIVEREE, MEBTBHBY 30% Y
REGPFRNEEBHREEHANESHERRE,
From the figure of the relative growth rates and lipid concentrations of the 44 mutants compared with original strain
(incubation for 48h), more than 30% of mutants exhibit their better fermentation ability and faster growth rate.
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0
© 0 = Control QG D5 Fq A7 A8 E8
t(h) Mutants numbers

ZOAIMLE, REWLHRNEEHENESOEHKRENESHVBETS.

After 4 generation, the mutants still show their higher growth rate and higher yield of lipid compared with wild strain.
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ZPIPY: BEDFEMSEARIES A niger PR EBEBVLLE ]
Case |IV:Aspergillus niger

Aniger X H &t = %w
ARTP MEZ BRIME R
SNFEBET]. BhE®N
1 RAERER, BERA
RLHKo

After treated by ARTP,
the mutants of A. niger
show their higher activity
of lipase. The "1" is the

control, and the sur-
rounding ones are

<<

mutants.
GERS. RTHK I ESKRE. B85 REENLE)
Protein concentration and enzyme specific activty of tll after purification
Samples Concentration of protein(mg/mL) Enzyme specific activity(U/mg)
& (< transformant 0.76 47.4
R mutant 0.54 64.8
80 - . - ]/
- ~4— Mutant 80 4 - RUBMRNEBEHEST \
2 o ~-AnigersH2 1 701 e Anigorsta 1ROV pH RREAED. Y
§ §6°~ The lipase activity
.§5°' %‘50- of mutants showed a
§ 40 § 40 1 strong resistance to pH
g 301 g 304 and temperature.
2 20 2 20
{=4 [=4
T w 10 4
——0—0—o0— "o
0 T T T T T ) 0 T T T T T T \
3 5 7 8 9 " 50 55 60 65 70 75 80

PH Temperature/°C
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Fulocculation degree (%)

Phenotypes of representative mutants

Growth rate

1.4 S
1.2 1 —— control
—— 3.A10
© G Control
—&— 4-B3
1.0 4
.8 1
.6 1
4-B3
4 - Controlify B 5% 7% 4-837F W 3HIE
.2 1
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0 2 4 6 8 10 12 14

Time (day)

; Polysaccharide
Flocculation 5 Chlorophyll o contents (W/w %)
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L

Chlorophyll  (mg/L/ODg)

Polysaccharide contents (w/w %)
N
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o
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control 3-A10 4-B3 Control 3-A10 4-B3 Control  3-A10 4-B3



(xenome preparation

Genomle resequencing Variation Control ~ 3-Al10 3-B2 4-B3
Mapping SNP 239423 239424 237828 239447
SNP compare filter Control _ 2912 2330 2934
SNP, DIP Detection

l Non-synonymous SNP filtered Control 3 1033 839 1044
ANNOTATION DIP 7916 7895 7789 7911
DIP compare filter Control _ 443 458 464

Non-synonymous DIP filtered Control : 232 210 232

SNP: Single Nucleotide Polymorphisms( B 4% B8 £ A1)
DIP: Insertsand deletes nucleotides from a sequence
Non-synonymous SNP: SNP with altered amino acids



Omics analysis of the mutants

SDS-PAGE

DNA Extraction

Metabolic network
analysis
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Carbon fixation in _

photosynthetic b ‘
organisms > ADP PiS
light HCO5™
?? ?Cﬁ ??? W Cytoplasmic Cytoplasmic
membrane Il membrane
LUPSITILLL &%‘&&% L Thylbakold ,
membrane -

Cvtochrone Glycerol @3 J-acyl-sn—glycerol  Fatty acid

Y b6/t 3-phosphate™ @ 3-phosphate metabolism
H,0 1/202 complex ATP ‘

2H+ 2 X 2H+ 34+ @ ADR\S Rubisco
| | 4 3-phosphoglycerate <
1, 3—diphosphoglycerate / @\:\
. \4
NADPH Calvin 1) i\
NADP—+P; cylcle Ribulose 1,5+ Phosphoenol
: pyruvate
Glyceraldehyde bisphosphate
3-phosphate P.
Sugar -
metabolism Ribulose ADP

Fractose-1, 6 5-phosphate A
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P;
@l H0 @&
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Gluconeogenesis - 9,
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| EMP pathway
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Fumarate TCA cycle H50
Isocitrate
A NADH-+CO,

a —ketoglutarate

» Butanoate

semialdehyde metabolism

A

Y
Vitamin Bg
metabolism

S. platensis
metabolic pathway




RN FESCI7S . ARTPIEZIEFE
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|/o/ variella volvacea ( E3E )

ELZHR FIRAPD T

RAPD  BENLY 12 k0t

(Random Amplified Polymorphic

DNA)
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% Unpublished Data. -----provided by Prof. Tang, SAAS
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Incubation time (hr)

signal
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Inactive Rz

MEV => = = [PP <=8 DMAPP Lysine riboselector Selection
/\- Mevalonate s \ pressure
onA & pathway

7y @ Lelysine
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+ DXP pathway
2 PEP DXP >€.—>—.—>—>—>
= +
o
S PYR / \
o] ks

Lysin . () High producer
O Riboselector ¢ Low producer

Santos, C. N. S.; Stephanopoulos, G., Applied and Environmental Microbiology 2008, 74 (4), 1190-1197.

Tang, S.-Y.; Cirino, P. C., Angew. Chem. 2011, 50 (5), 1084-1086. Pfleger, B. F. et al., Metabolic Engineering 2007, 9 (1), 30-38.
Yang J et al., Nature Communication 2013, 4, 1413-1418.
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