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Abstract: Sustainable and green biomanufacturing has emerged as a strategic priority for nations globally; however,
microbial performance remains one of the key constraints hindering the industrialization of biomanufacturing.
Traditional breeding methods often face challenges such as long breeding cycles, low efficiency, and high costs,
making it difficult to meet the demands for highly efficient and stable microbial strains in industrial-scale production.
Low-temperature plasma technology, as an efficient and environmentally friendly method for microbial breeding, can

stimulate mutation hotspots, enhance mutation efficiency, and expand mutation ranges, effectively improving the
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performance of target strains and product yields. By combining plasma mutagenesis’s advanced capabilities with other
techniques, significant improvements in the performance and productivity of microbial strains can be achieved, thus
driving the commercialization of sustainable bioprocesses. This review outlines the theoretical basis of plasma
mutagenesis technology, the technical characteristics of three plasma sources (ARTP, DBD, and CD), the mechanisms
of plasma mutagenesis, and the progress of combining this technology with high-throughput screening, classic
mutagenesis, and rational breeding methods. Furthermore, it summarizes typical plasma breeding cases in
biomanufacturing fields such as bio-enzyme, organic acids, bioenergy, and biomaterials. These insights offer important
references for research and industrialization in related fields. By combining plasma mutagenesis’s advanced
capabilities with other techniques, significant improvements in the performance and productivity of microbial strains
can be achieved, thus driving the commercialization of sustainable bioprocesses. The cases discussed in this review
provide a practical understanding of how plasma mutagenesis can be applied to optimize microbial strains for
industrial-scale production of valuable bioproducts, providing a reference for research and industrialization in related
fields. In the future, it is essential to develop novel plasma generators based on air source, which, while being
miniaturized, achieve low cost, low energy consumption, and minimal temperature rise. Integrating them with high-
throughput screening and Al technologies will enable precise microbial mutagenesis and efficient strain breeding,

thereby overcoming technical bottlenecks and ultimately advancing the biomanufacturing industry.

Application of plasma microbial breeding technology in Biofabrication
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Table 1 Advantages and disadvantages of plasma coupling technology
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Table 2 Application of plasma mutagenesis breeding technology in biofabrication
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BRI K B LR AR B 0] e 78 2 H A IR
(RN, = A — S EE B Bl 5] AR i, AT
S T AR AR KA 2 RE T

Gao %5 " fi F] ARTP £ AR 43 3 (1) K i 5 5 58
BHEMRB LR E R (5, FHEEARE. W
P 2R 1 AN R AR BRI S e B R
iR &5 B 1 2R P G TR RN R A IR 2 2k K g 2 IR 1)
B SR AR IKP o3l 3w 1 29 30% F127%. 7R i
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£ U7 fd1 F ARTP X 7= 5 5 ilg 28 il 25 0047 15 A0 Ak 3
JE ¥ BT BB U8R T 22715, R R
AR ENE . TKEE K ARTP 55 4h-LiCl 5%
TPk Ak E W AR 7 IR R A6 AR DY I IR
(ARAD [y 1L A0 85 R AR R, A% i Pk Z6-A23
BT P g T ARA (5 R T R B A 44.57%
ARA = 11K 3.62 g/L, BHREKIEE T 75.40%
1232.21%-

4.2 EYIRER5ER

S TR AR R R T DL T o0 A i
AW g IR BE 71 P Yang %5 ') fdi il ARTP #1 ALE
BT T KA B I L B B i 52 P F0 2 2
PR A R RIL, L-FMa e T
2.2 ff . Shangguan &5 7 DL w1 6 A0 2 N 4
B, AfFH ARTP 45 AR X 2 SR F R AT B HEAT T W 5
EARFEARIE, KRG TBE &S 2R 68
3 A% e e M R AR ko I W R T R R A R
NREETRAR, (REE R HRTE SRR & U A
RAEREXFNIREAE . SEHFERIBELERR
B4 g A S B LR E O, gD AR R R B
ABE Y (odho) MIMGIFER NIF, {2 TCA
6 A 1R B I B 6 2 SRR 1R B R A B, R
LB T HHEWIELE M E AR DL E RS
WEEVIBE AR 0 A2 7= 30, 1A R T o B AR LA
ARV . (R RRAGAS EURR A BT A8 R AR 4
i 5 A gk B, S E0aE AU AR I, s A
KR, T AR 8% 77 55 AR I A AR A K AL
K, DAMERRE e RS . Cai S UV 458 SR TR
AEYFEEF AR NBBREREESR T —
HRATA S HER (p-CA) PRI 7.66%. fifaE
A% 104X 10 7 T e TR T S T2 3 1

H 70K 2 506 VLR 1 A 72 I8 28 BF 20
WAEY R TR R G0, SRR A 2 B ol o A K 218
AR R/L, HESRN AR LEwalitd i,
il 20 A 0 WLRR T S S . 8 TR E A
F AR AT R AR B EE Y R (Gl - OHLL O, FH
NO) St EM SR A=A m, M5 8gmisa
MUER & R 1A $2 25 R 1 3 5 36 08 42 o 1R R 77 o
Wang 25 U2 if i % ARTP 545 55 oy 3 5 0 i 5 i AR

e, X RN (DHAY R 77
Aurantiochytrium sp. AT R, A5 T Tk mE =R
k. P ARE 1T RARMAT B BR & OS2 A ¢ B A
MERIL KT RER S, PG O L4 A
2 A TG R A 15t 3 5 G T SR OA 43 il R T 4.78 £ AN
6.95 fi, HIEG G R G RERIA TR T 27915, &
ML EH R A EANAEZ, DHAF®RIES
14.3%. Wu%s " il i ARTP 745 b P 58 31 R il £&
FFF T 77 32 15 1 i 52 o VAR B B B IR 1) v 7 A8 TR R
RAZHRAEPE RIS bl 4 v 7 2 7%, 3%
IR B G N 113%.

4.3 =£9EY

SR TR AR E M EW AT DU T K
HrEAM RN LG, BRI ECR R, B
PR, RREA TG Y. AR
IR R RAAGHNE, HlTEGMAEY
BRI BRI AR i e A g
i 97, Zhang 55 7 3 1) 55 & AR AR BEA 1% B
A7 0 32 e S AR BT B P s El Al T G b
JeE A B 40 M 3 s I — IR T ) TR,
R AR, METRSEEARE
BN 25 A R e 1 A bR, IR H )
WREZ A E RTINS EVIERAE
PERAM R, W REMER KR T EM, RAE
PR S-15 72 83 51 33.79%, R EFAR AL J5 m =) A T 7=
8 B G B FCHRGE 1 B = K F 152.06 mg/L, R
B EA RIS R e . (RS EARAE Tk
A 7= ] i R T S A A A3 A T 2 B0 HR At TR
(B ) 7= S B, 7 BN R IR 2% R 3k AT U0 A A = 4%
844 . Nuttapon Songnaka 25 7 1 i 1 FH 45 &5 114k
1 s A NE =T 7 1 S N el N TR S
(MRSA) & £ Ky 4k R 47, MIC 8 14 3
250~500 pg/mL F1500 pg/mL. ZhuZs 7 4455 1
75 AR R 45 XU T FE AR R R 15 2R 4T 5
= IR R 58.33% I S. roseosporus BB B
PR e P R R A B

Zhang %5 ") fii Ff ARTP FAC M TREMI 2 T HU
B AT 245 A% 2 R KD = 2 s M BT B 1Y
IR T, 193] MRAE S LR B0 AL
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o 77 B I AE P #R 0K B 157 g/L. 0.164 g/g Al
0.327 g/(L-h) I RAZ KMz AT B, = 4 B Ak 1 i A
B BOEFERNEE L. Lig " i H ARTP 7
TG HMAHARZHLZIAE, E2R"21R
BT 151,

4.4 ZEYIIRE

BB HE L, SZ B 2030 43 BR B R H B
5% B AL K R A R A, e S
MR AR B A B AL . AR B R AR
RE R N A A R B 1 — i 1 m] P AR B R AR
7R K e S B

N = R BB SR R
A PR T S A AR IR R R . T BRAR
AL H A AL E 1, 3-179 W FE (1,3-PD).
Yun %5 U8 7R R IR S B TR 5 AR AR ) ROk AR P B A
TR AR RN H T 0 R O S M R A B, S A AR
VIR 92 288 (MMC) A+ 1 ALE 32— 25 B3
PRI 321 . RAZBE R 1,3-PD 77 & G B
P T 4.884%, 104N 1,3-PD & BR3¢ 56 B 5L A (1)
Fik/KF B ESRE . Zhang ™ &8 F ARTP % K
R Tl 2 7 TR R B AR 2 B AT T AR, R RIT
HA 1w A 5 AR 0 R E AR R M2103.
ZRARAKRERER SRS T 21.71%, RERE
M 60 °Cik %] 75 °C, XM (pH 4.0~7.00 HIEiE
N SR . BTG . Hong 55 ™ i ] ARTP i A8 H R
g4 v AR IR 459 B P iR 6 TR VP 2 B B R HF-130 2
FEEBERIN T 98.8%, LR BRI LR IR IR
FEPRE T 2.8 M 3.3 1% . LEESEMIRRLAE P2
R g o HAE P2 AR BRAR . Ji5F ™ K ARTP
A G4y s N S 3k (ALE) KRB &
1) R W 52 M R A TS M, o IR R KT AR T S
PEAERE S, iRl = AR R AR E
BEFERDMA, EMERHHEHEAR (WD 5
(1) PR A 5 M R PR BT A2 14, 7E 30% HF PO B
PR R 03, AR K TLWS A ) 48 i 72 2R OA B
91%, AHECEF AR B S R () & 4 7 54 h, B
A5 v AR A PRI

Luo %5 " j@ i ALE &5 & ARTP 578 % #y &
PR AT AT, 13 3] —HRAETE 45 °CRil N AE K

M F0 TR PR o R 20 AR W S AR P I R IR
T TR 4P A T 8 D 1 A, A S T R e T
IR T 16.8%, R FE L H (86.242) mg/g-
Ban % "™ Il It ARTP X 6 7= 4 7 1% g U8 &0 <01 36
AT R, REFA &N 1.8~521%
M2.7~3.1 4%, RABMMFOEE R R R IA
EWHE B, FOEr SR RN RS, fEE T
R BOE 7R AR FEAEM, Bon s B
T 7 R B AR I 2 R VR . B A TR A RO A
B IR G B ACE R N R U, 7R
FUREAT A5 38 L1 5 ' 2% 4% 1) 1 R 5 97 34 B R
% 2 FF 9% A8 B PR 1 2L AR A - Mostafa E.
Elshobary 25 ™ i Ffl ARTP X i 15 1] ) 7 2= ¥ ok}
(0 L /N BR B AT AR, A B A= S AR
AP I HR T T5% A1 44%, A R 003 TR B AR R
= B AR B A2 = PR

4.5 HE¥ire

S5 B IR AR M AR A AR A TR b
BEAT F A2 B A RO AT 5T T2 AR P AR IR A A R
FE R L T .

Zhang %5 ™ f Fi} ARTP 5 A6 5 52 32 J1i 15 8 B
(PHA) TREWMEEHRMERT 7 IHAE, Bk
24 7 328 A0 £ 1 30 5% 41 A2 A 7 228 HAIG 3 2% A T RE
i ROk E AR 7 PHA AR R Wl R AR . IR &5 & 2
Al T2 4% PHA & O %R Rl R ik, 45 A2
I & 5 i T T B A IS 3 B 2B T AR OR R v RO 2R
HHES), PHA A A TEAR33%, § K T &R R
JiL BT R R FH S T B A T g (B ER 5 TR )
TNV ] BE A B R A AR B AR AL, AR E MR
R W o 5 v 4 i R AR AT R IS AIE o TR P AE RO
BA P R, &EHE B SR T
SR T2 R R A, DL R AR 2 T AL a . Bai
55 UV I ARTP 548 45 & e e oy i 3 R
Aureobasidium pullulans 1 2F F5 18 2% 5 & Ak 1 5 €
2 (HA) A= kpe, B985 Tl S HE 77,
HA B35 1 17.6%, R 5 HEERm &
A3 WA AT SR o/ B-7K SRR oo~V A9 T AFEH JB RS K
Jtk MFS #5128 t (AR A B EHE . Zhang 55 ™7 Xf i
FEZFAAT R HEAT 1528, (R B A W ) e b
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1) B A 52 5 BE B 0 1 2 = T 2.49 i . Zhang 5§ Y
XPEA M HEAREATIER, HHREOARTERS
66.7%, CIRERMERFL69%, LOREOR
KPS B . kD5 ™ 3R ARTP 50U T
T2 I v 38 B 0 ade U7 VR R AT 45 5 1Y 9 AR e R AR K
BT A OB BE R A 4 R W RN B IR
(polytrimethylene terephthalate, PTT) HL{A& 1,3-14
TEERMERE, R3-SR REAT 118 g/L,
H ALy 42%.

5 &Higlr®

RS S TR A — Mo B A B H R,
AR RERR. BERMESEMA,
AV E ML T E 2 T A, ARTP. DBD !
CD A8 FRJRTEF AR . RAFALE H
V0 A5 U T A B, R8T S 1R H AR TR R Y
FEEL A2 DR E IR ERIBE ). {H ARTP 4%
B RE AR E T O R B, ThAER
K GEE200 W), FRFEFR, FHSMEINA
HREE, KBEE (05~1m’), LEEFHEFE T
e, DBDE & T TAERER =, #HE&3kV
PLE, R aME. RS miiERE, ML
FEARRRE R R, AR RAEML G T A 8D
CD %5 B T 1R A7 75 5 A8 Ab BRI ) 38 K (75 2 5~
15min) X3/ RS 555 TR & P
PR RAR G . WEH X IBEEE MR, T
REEA B E. EHEBR, ITEGERE
R AR S B TR R AR KRR E, i’
THi%5 28 R0 AR bR 0k S D 2, IR A1 S 5L
DT N T D4 P T A S B o
R E A SAMAE N TR DR SRR,
T AR RA, AR AT R FE T oK A R B 2
LEE TR, SHZSAMERNER TR, gt
P AR R BCRA I A S AL R P PG 5 T AR E T AR T
EHRRERBLENFEN RSB HNREF L. N
TR AFHE B T AR A P, AR SR AT LU R R AL
NBIAL I A B TR AR A, XA T DURR S AN [H]
R AR A BRI D e, A AR E /N BV
BECKA =2 | RGN .

P &5 B T4 P 2B 1R % RS 14 R RONS J Ak

2 I N5 AR AL DNA 32 4% A2 98 40 i 2 o i B
R ZE B R H AT A5 TR AR ML STk A
D HFER KT ARTP & B TR, AR Lo
fh 55 B F AR B AL AT L. AN, R
A0 % 48 B DNA B 20 T FHALRIT AN I i, 75
BEUR N ARAT 55 B 7R 542 I 2 i DNA 43 F0 4
FELAR U X 2% 1) B AR AR L) R R 2k 9, S RAR
PR BB PR AR L SR . RSk Tl I R
2 2 55 F B, R G0 s i 78 25 38 7 44005 48 %t
DNA fHARFZ W, Rl RAEAL s B fh 2R AL DL
FAEZ AL
HEETHRIETEM R BRREA mAE.,. @
e SRS, H R AR I F R R R
BRI EE, KRR HPRER BRI K=
k. WEI—DRMER T HRLESEHFBE
fd H il B R AR, DLAR S H bR R AR R 1 0 ik
MEFE, HHSE FAREERHAN KT SEE
kLN TR SR E AL A TEREE TR
BARIATRE M, FEF KL, Pk, 5L
I (0 97 3 B BT B . il dn, A B 2 B BR
P72 S I JC A O A, 3 S A AR AR A 1
AR VP AN S PR PR BE L DT 2 o O i AR AN
FERE . R 455 BLa8 22 ST FUOR B0 0 BT 55 ATHA
Xof 9 0 BOHE AT m RO H, AR R AR . @i
FoO AR AR, S E PR AR ) R AR R ) RAR
B A I 0 0 B . SR RIS, RSk AT I
R gt . Al TRESMBEREARMLS S, L
I AL 2R A B 5 7] B PRI R Al d I AR 1 I
RGP, AT DAk — D 58 T B AR 10 2E P g
Fifase k. FR, FIHRGAED S T AN RAE
R AR U 0 4% 330 AT EEASRT A3 AT, AT DA 4 b S0
AT = R Tk Bk
ERTHELEARERH G . ALK E.
AW REUE T R UL B AR Wb kA5 AR A ) i I B
TERESN, BEIEFVAEMIERIAZ . K
kR EEL S Tl MBS IF R, MR
R HESh &5 B TR AR HORAE T 2 Tl g st (1)
N o A BHE v 4k 0 5 AR I B M H 25
5, HATE A R v AR AN N PR,
B AR5 A2 T BUE M B B AR A 43 LT
FE D, Kkl iE i EFESE T ARIETHEARE
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17 B i T R ) AE AR R, B e i R R A
07 R Wi 4 AR ) B R S WA RE ), E L
PRAR 38 A A0 5w OB AL R, B AR A AR
M A A2 R R ol A R o 9 5 L HL AR )
THLEIHEAT BRI, 2 SRV 5 B 1 A 0 ] 5 W ekt
EyAEEe, EdERAEMEARAYT
B, #on HAESLR RIA . AR 48 R 5 2D g
T AR, AT A S AT A A R R R
Mg AL o

MEBETES TRBESEYEAR. miEE
7 186 TR SFE AT BOR R BERL 5, T A7 s OF
WMEEE THRFERARESFHRINME, A
Yot i $2 1M B BEROR S, HESh AR WG L
PRIEHED, 1Ky G RT3 82 % e H b 1 S8 DA
H L ETTRR .
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