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UV/Microwave Compound Mutation Breeding Coal
Solubilization Strains and Analysis of its Product Composition

Zhao Weiqin, Ma Xiao, Hou Binbin, Yue Zilin, Zhou Anning
(School of Chemistry and Chemical Engineering, Xi’ an University of Science and Technology, Xi’an 710054, China)

Abstract ; Bioconversion is one of the effective, clean and moderate ways to utilize coal. To increase Shenfu
coal bio—solubilization and selectivity of its bioconversion products, Shenfu coal was dissolved respectively by
coal solubilization strains such as Salmonella, F. odoratum, E. coli, Bacillus subtilis, Staphylococcus aureus,
Aspergillus and Coriolus versicolor. The most optial coal solution strain was used as starting strain, and was
breeded by UV/microwave compound mutation , the biodegradation products were characterized by FTIR and GC/
MS analysis. The results showed that, Coriolus versicolor have the highest ability for coal solubilization, and the
coal solubilization rate of Coriolus versicolor increased from 41.3% to 54.2% after UV/microwave compound
mutation. FTIR and GC/MS analysis further show the biodegradation products of aromatic substances relatively
decrease, and paraffin, amide, olefins, alcohols, and ethers matter content increase.
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4l , KBr SAptikali.

BSA224S HIHL T FKF-, BL-50A I3y 3K J7 295K i 4 , BC—360 %A Ak 3% 324, HZQ-F100 7 4x Ji 4k
WA, SW-CI-1FD B4 TAF &, ML-36-4 IR, 101-3 5 i Bk KU T4 , XPM - 100x4 177
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B 300 °C, R M 30~500 amu.

PR AR S Y o N

dYoe=Px Y (¢ xX). (5)

X Y, o AP BAH &, % PO W RRUTVE R, % 5 ¢, R FELE R 1t 4% A2 IULL 43 1 A X

ik %.
2 LR5itH

21 EEEMHOMSHL 100
ST TRH (SE) L2 2 (CV) R

(AN) B EOAHERE (SA) RIBFFR(EC) BEF %

B (FO) B ROFF T (BS) 37 8 W RFRE, AR 7] Bl Xt

PERERE AL A NI 3 7% , [ 3 R IR 44 OV s

VAR A R A T RO

P 3 T, KR RO BB R
169 25.5% ; 2 B EE AL SRS , y 41.39% i L %
/ AN SA EC

M 3 R R Al LR S E G, 5592 0 =Gr v
BOM T RACRTH B IR. =2 5 Bl EHE T Strains
FLTE , oAb B 40 T LR RE R A IS LA as EPREALI  b: AR
M BRI Al Ao R A R B BN AR IR B3 REEAHELEG YR
W 1 p 3 T LABE S0 B 7 AR SRR A B S IR i 4 1 e e T £ A R R o S AL i 4
TE Wl RS I S i SR HA A TR R 45 M R B LA R, REXE A TR R 454 P (K 23 7
A, I Ko 55 B AT T /N /N7 400 S fo L g, 0o T O AR 2R 1 8 o
AR5, L, 26 F = 2 SO 78 Hh R iR
22 REHMFLTES
22,1 HIMEE WY

DL 2 B R R R A R K 4254 nm Al 365 nm 28412 tof FL AT AN ) A i) A 75 A5 A B 5 AR
SERNE 4 FER 4 Al st 2 H S )3 4 0 AN R TR) 37572 st 1) I ) ol v B

HiFE 4 AT L, 3578 60 s [ ,254 nm (5 IMBAEN =5 2 I EIER Ky 99.6%, 1 356 nm LEHMFEAL X =
ZHIEIERH 78.9% , N 4 1) a,b i 2 g B - ml LA H BRI A8 R AR AE B 8] R, 0 = 2
FRIEAERLN 22 AR K IF7E 60 s LR ,254 nm ({5 AMNB AR 2 2 T B AR 2308008 , 17 365 nm EAMA ALY

60 -

40 F

Conversion rate/%

FO BS



88 WIRRHE IR (A RBEIR) 2018 4E4f5 33 %

HOLRBAELREE LT, i T3 MAAL DNA 7311

AT IR & O IO ik 0T e T T
KW WO Z G I AT LA Rk sop '

7 R BE TS, T BL R 1 B K SO Kl € |

254 o, (A 365 o (SRR A B, Fl Z |

254 nm [ 59bR 255 BN R ASRCIENT 8, Bosah

VEZIBER ] ] 60 5. r

222 MEFRHHR 0r

D7 O R R AR T2 100 Fl 0 20 4 6 8 10 120 140 160
400 W A B R FEEAT AR o ] 9 505 b R, 505 e
LERANPE S TR, IS v I 44 Hh AR (R 30 2 e 7
I TFT378 2 o U5 9

P S TR B 30 s B, R 400 Wy
BN = 2 AR FAE R N 95.8%, ik ] 100 W 100
BB 25 2 B OB A0 60% , NP S /9 sof
2 W H T L £ A RV RE B 5 A B ) R, R R 3 2
K22 B R BOTEA0N 22 5 dLAR L 175 30 s DU
400 W SRS 25 B 4 TR EE, T 100 W A0 i
AE] 90 s LS A 430K & 2 B0, b Tk el or
S AT A 43 0, 9 (40 of ¢
|j\] DNA é}%%jﬁ ’%Zgglﬁ DNA é}%%*@@j/ﬂﬁ?ﬁ 0 20 40 60 80 100 120 140 160
S 5 AT R B2 0 2 T A e
(T , I 100 W R 625 1 A A R 59
T 400 W, SR 75 AR B ) 2E H 30 s.
223 RIM-BUOREAH T WA

Y 4 FORIRIG & A 7 2on) 25 2 AT
VA, OS5 TR R KR A iR 6 T

a:254 nm 254MBEAE 60 s; b:356 nm LEHMFEAR 60 s
B4 RIEKRAELZAGY @

60 -

lethality/%

40

100 W A7 30 55 b: 400 W A 30 5
BS ok =2 H0 Y

)

A:254 nm 5MEE 60 5,100 W 5%k 3% % 30 s;B:365 nm % 4M% % 60 5,100 W Ak % % 30 s;C:254 nm ¥ 9hif &
60 5,400 W ## 3% 3% % 30 s;D:365 nm % 51 i% Z60 5,400 W #£#4 % 30 s
Bo6 F-MaEahTNRBELERTYE

H 6 AT I, 4 T G728 7 I BOE RN 99.9% ,81.9% ,100.0% ,100.0% , HEFEA I LE L 2%
PR HANBIER R, W RSB L LR IR, S8R BEA MR, s ZHELSHET
AR AR, A SR MR R K, X2 T IRARTE 2830 58 A R 37 0 A RS , 1808t 15 728 58010 48 A1 75
PSS XS B A IR R AR S50, KK 1 AR 1 28728 22 PR MR A 254 nm 2850757 60 s 5245 100 W
TS 30 s A5 7 200 = 2 W I P52 ORI
2.3 BEeEmEL

KA 2.2.3 BEIFEA A PAREIN 3 T, APRX 3 AN REVE SR E H 141 7 ik T I S 5,



%1 BRERER, 45 SO -Teb SR B A e 7 T I B R S 7 89

SR I 3 IR AL AR, LT UL, SR 254 nm SEANE 60 s 524 100 W TS 30 s 972t
VAT R 3 BRI SRR 10 25 B L, U MR B Y A AR T, SEeR 7 3 X MR
WL BEAET) T 54.2% AL T AUE T MF 50 22 XDOE AU BE IR 23.13% , G2 ML &
VRIS R AL AR T 134.3% , X RIWITES A TRE AP, 252 TR UM RS SR, 1 22 4 — 0
W ARSI, R G BB SRR S HO R R, AR L T
24 WEFHIMEAISN

7 AT, JEUBEZE 2 920 em ™'y
VI3 -CH, XARR IR 30,2 848 om™
Jy R I - CH, A %R i 4 4R 30,
1600 em™' AT AE L RER B 54 C=C
SRR B -C = O, ELIEHE 22 A 1) AN |
SIS BRTTVEMIIG FTIR SEibe e 4 A e . J
TR, 15 3 417 om0

AD

RC

3417

gAY RE A B R, 2 920 &
2 848 cm™' B ST A YK H 3 I U 59
1707 em™ BtT S B HR A BRFE-C = O
%R 20,1 200~1 300 em™ [ 35 By 2
C—0 B 5 77 Ik B RE AT 255, 1 157
11080 em™ [ 3T H B 45 4 1) 2 B
BRI B R, 45 5 00 1 72 5k M L

P %)

b B He

2920

2 848 — %,

1262— /

4000

3500

3000

2500

2 000

wavenumber/cm~

1500

500

AD : FRUTTEY) ; RC . 5
A7 RBEREREF e kiER

RFAE , 1] ASHERST AL 0 e A PR TCTE ) P oA It T B e R 2 o A

M LAL R TJrks ADs 2135 HSs, DSs, BSs J Ass X 4 FHAEALY , R T GC/MS X HEF 4544
ST, 11 8 A AR HUA A3 14 i T TR, T DLW HR A B L JSUREAE O i) B s T (il I 2
H—2E 0 YA B T — L8 AR Y T B W 5, D k28 B ) A 2R, A B R A I o3
Yy BT HIAR RS 5 RS G AR AR (2) ~ 20 (S) THEAS 21 7 0 AU AE RCH) 45 ¥4 28 A AR &5 4 4 ] 9

fi7.
HSs DSs
b L .IL i J._.-M—v-‘-"““"'_'/ g —
RHSs RDSs
ssicract o b 1 e s e =] {
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
Time/min Time/min
BSs ASs
N J—Y ‘ . Iy
RBSs ‘ RASs
5 10 15 20 25 30 3 40 5 10 15 20 25 30 35 40
Time/min Time/min
B8 FRREEMNERMH)EHTAREH



90 WIRRHE IR (A RBEIR) 2018 4E4f5 33 %

16
uk &E@rm 15
| s '
12 Z
< 1O}
" 10 3_};*
] =
th 8 I~ =05
“;—,{
g2 ¢
00 %W ke P o eamls B
4 -
5 b %
0 ME. [ a— ] %—

Pz |
& X % & Q8B B § & &
RS @Q%%@e & & &g\_«v& *%‘?/ g&e & @“%
& '

R LA L AL

B9 XRiYpLMumeitasts e

B9 Js , R -5 SRR A 73 v 5 A O 7 T R IR I TR T 2 00 o, e L B AR X 5 B A
) HE SRR U o0 P R e e TSRS T TR I s T B S R M ) AR 5 i i £ Uk T
A (B R A TR R I I o PR AR R 5 AR T JROE. S U T 22 Bl A W T (SR 4 1 5 A i SR A
NP TR OB R, S Bk (B U R 2 BRI R Y R S R R SRR A
WM S B TR I R 2 BRSO I B s B P R, 35 S T o 05 IR A A
BT FHO= P35 T W TR 5 i IR A i 22 0 W 4 WA 1) — S A T L4 1
ST RS R S A, X FTIR (950 Hr 25 A 4. D. LCrawford 1 J.C Gupta™™ 4 {B LK fift
Bt ] AT e KR 2, 7 70 v A R B BRI 2 o, Ul BHAE A 0 R IR BT B A 2B T K i
PRI BEAE =y Fa A 21 R SRR & i 0.91% , 15 IR LE , HEAH X 5 4R =29 5.35 1%,
ORI A A AR 20 30 QU SR ) 5 B T 26 P a2

GC/MS M35 B H REA AL S W0, nl REJE X e W) 5 iR AR Pk sl s AR 1 i i AL & ) el
AT AR A O I BE A5 S0 R B A5 S W i JC R A B 3 b, DT B A ARE v 25 I H 2 AC B %6 1Y
YT AR S B AR IR ™ (R A SR FURG B 1 35 IR ek L S R 1 0 B ke, 356 T B S
TR S A R AR I TR AS 2 5 R A, 30Rf 227 DA it — 20 S B IE.

3 %
D) V0T EGH BT B KA R B8 AR T 14 e C MR ER T 5 D 5 2 KA 33

05, He b FL R VA RO FUANTRT AP R B, = 2 T TR R B iy, 200 41.3%.

2) FA-Tl R AL HA U RO, S tE R G VAL 25 AF 0 254 nm PR A9 ERIME AL 60 s R R A
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