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Abstract: [Background] Extensive studies have been carried out on strain mutagenesis,
especially chemical mutagenesis, in strain breeding. However, most of these studies employ
conventional mutagenesis, which usually does not involve any special treatment of target cells
and has low mutagenic efficiency due to random and uncontrollable mutagenic process.
[Objective] To screen thermotolerant strains for simultaneous sulfide and nitrate removal, we
improved the mutagenic scheme on the target strain and studied the entry of mutagen into the
cells. [Methods] Both conventional mutagenesis and improved mutagenesis were carried out for
Thiobacillus denitrificans. In the improved mutagenesis, piperazine-1,4-diethylsulfonic acid
(PESA) was used to treat the exponential-phase cells into a susceptible state before mutagenesis
to change the permeability of cytoplasmic membrane, and then different volumes (0.5%0—3.0%o)
of the mutagen diethyl sulfate (DES) were separately added into the cell suspension for
mutagenesis at a set temperature of 45 °C for 20 min. The thermotolerance and sulfide and
nitrate removal performance were tested at 47 °C to obtain the thermotolerant mutants. During
the process of strain mutagenesis, we used S203%", which could terminate DES mutagenesis, to
observe the distribution of mutagen inside and outside the cells and compared the experimental
results under different mutagenic schemes. [Results] We obtained the thermotolerant mutants
capable of simultaneously removing sulfide and nitrate. The comparison of the two mutagenic
schemes proved that changing the permeability of cytoplasmic membrane promoted the entry of
mutagen into the cells. To achieve the same mutagenic effect, the improved mutagenesis only
needed 1/10—-1/9 of mutagen required by conventional mutagenesis. The percentage of mutagen
entering the cells was 41.8%—-40.4% of the total DES added in the improved mutagenesis and
only 5.6%—4.4% in the conventional mutagenesis. The forward mutation efficiency might be
closely related to the dosage of mutagen entering the cells, and the dosage in the improved
mutagenesis was more suitable for achieving higher forward mutation efficiency. However, the
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dosage of mutagen did not determine under which circumstance or when individual mutation,
such as thermotolerance or higher sulfide removal efficiency of mutants, probably occurred. The
maximum dosage of mutagen entering cells depended on cell’s loading capacity and was
independent of mutagenic schemes. The product analysis showed that S2032~ could be used to
terminate the mutagenesis triggered by DES. [Conclusion] After treating the cells into a
susceptible state, mutagenesis was carried out. And then through temperature-rise screening,
7 thermotolerant mutants with high-performance for sulfide and nitrate removal were obtained,
providing new ideas for research on strain mutagenesis.

Keywords: Thiobacillus denitrificans; improved mutagenesis of thermotolerance; thermotolerant

mutant; distribution of mutagen inside and outside cells
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15 A% . B 40 mL IR VKIA YA 15 min,
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NayS,0; & 1HiEAM ) BHLL 1 500 r/min &0
S5min, W EREEWR, 5 TI2T0E, MEET 55
SIINATCHLER R S5 5L 10 mL, T EBREAL 45 °C,
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Figure 1 Mutagenic result of the strain based on
the conventional mutagenesis.
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Figure 2 Mutagenesis curve of the strain based on
the improved mutagenic scheme.
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55 SCHR B 25 AR — 52 iR T =
35 °CHY, HoXF Ak Wy ny 25 B 3P H R 2
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1 RIRAIM A RE R AR #i BE D @

Table 1 Respective thermotolerance and sulfide removal efficiency of each mutant?

[EL7R S¥ B2 Removal efficiency of $2~ (%) i 3% 78 © AR I

Strain 35 °C 45 °C 47 °C Tolerable temperature Mutagenic dosage
(°C)° (uL)

JU 6 T R 98.5+0.2P 35 —d

LG-10riginal strain LG-1

JEUR TR LG-1 82.7+0.1 9.3+0.2 2.440.3 35 -

Original strain LG-1

ZAB K mut 5 92.3£0.3 84.10.2 38.9+0.2 45 10.0

Mutant mut 5

A Bk mut 9 88.7+0.1 83.8+0.3 43.4+0.2 45 15.0

Mutant mut 9

FEASBE mut 17 86.9£0.3 82.120.1 56.1+0.3 47 20.0

Mutant mut 17

FEASBE mut 43 91.2+0.1 84.4+0.2 58.5+0.2 47 10.0

Mutant mut 43

AL Bk mut 67 90.8+0.2 83.1+0.2 50.7+0.3 47 20.0

Mutant mut 67

A5 BE mut 79 92.6+0.3 85.840.1 36.4+0.2 45 15.0

Mutant mut 79

ZEASBE mut 92 87.6+£0.3 82.120.2 33.7+0.2 45 25.0

Mutant mut 92
3 K1 HRIIBHIRER AR LRRE; 0 30 CTIMGBERM S*ABRE; 0 A w3255 R H aE 78 TTHLEL i T
M R 00 AR R PR FRIR s 92 & 1 e RN A2 BRI T AR o

2: The removal efficiency of N-nitrate was not listed in table 1; P: The removal efficiency of S*~ catalyzed by the original strain

at 30 °C; © The tolerable temperature of each strain was the maximum value at which it could grow on the inorganic substance
silica gel culture medium!!'®); 4: “—> in table 1 indicated that mutagenesis for the strain was not carried out.

(82.10.1)%. PH B AT TR A5 A5 Ry < il
B KA B T AR D BE R A . o mut
43 J& )\ DES I AAKF R 10.0 pL A58 Hh i i
25, mut 17 M DES AT N 20.0 uL )
AR AT E], I BT R A 3
Kl 4 PR o

mut 5. mut 9. mut 79 1 mut 92 X 4 %
KRN 45 °Clii 15 2] . BATIFE 47 CCRFEANLF,
Bz 1.5 WriRa 2R, kS R s
Ak, LT A BE A 75 AR 18t 44 Ir 3R A T A E A R
WA . Hid, mut 79 ETHSZ IR 45 °CHY
AR AR AR B sy, M(85.8+0.1)%, JfH.
TE A 98728 Bk b A AR . 5 =1 (45 °C) . mut
79 fiik A DES AT R 15.0 pL A28,

mut 5 5% F DES 10.0 pL A3528 0 f itk a] W,
JISR L RS 23 v 18 TR R T 52 U J3E 1) B A — a5
2K, T FRE 5 ) B R B R AR — 2
s e X FRANEHKM T, RLEREFLWRAE
A e R AAE DNA BRI RINL S, AR — R
F . BUMAARE S0, BUBRBLACRE R, n] E 5
A (T 4 ELJBE L RE ) 5i) & A2 T — 20 b A AR
HARMRES
3 6 S AS R A FARE T L Bk R

B R Al K IE AR R X g 1) DES i ARFEL (A 2,
F DIATX AT LUE H S5 #0858 AR B 6 R
BRI A AR RIS i I AR 56 oy AR BB A
AR —, [FIREHL, BRALH) & bR A i R AR
AT 0L R AR RS e B A8 3568 107 1) (AR AR
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20088 EHT=5.00 kV WD=144mm Mag=40.00 K X Signal A=SE2

3 5REEHR mut 43 $HEERIRER (40 000%)
Figure 3 SEM image of mutant mut 43 (40 000x).

4 SR mut 17 A FEIR (40 000x)
Figure 4 SEM image of mutant mut 17 (40 000x).

BB Al REAFE ., @i, 47 °Ch S* LR E K
) mut 43 X5 0 HITAARES 10.0 uL, HETE
45 °CHy S*™ ABRFAUR T mut 79, E5&EKIE
PR R I AR TR E(20.0 pL)IFEA—E,
B A% B i 1 mut 79 X5 R AR FREL(15.0 uL)5
I K IE AR BN W AR RO AN AR ] o e R OB AR
SR S — PR S AR RN, T T AR AR T B
S* e BB R B R —Fh A S, X
FIAS—BEIE AT G o 7l —Fiigs 28 A AE AN [R) in
AEFUT 4 A4S 8] TASFE AR AR . it 4
REJIR, BUBBIACE R, BUEZR R RS

HEHAED, DES Xf DNA BBAS Al g k& —
LA T2 B . T — 2 M0F T TAEL
MBI T ARBAKCE E, IS5 B
) B A ) DG R 5 o KPP
B 2 AR RS ME 5, DL — 2P 3R 5% DES 15748
SRR RS AR I I 22 A
2.3 DES 7EZRREAIMNY S AR
23.1  S;0:7 BIHEE ODur-iKE chnERhZk

S0 WL JE ODyi7-MR ¢ bR Ty
Ft: 0D,17=0.015 3¢-0.001 2, R*=0.999 7 (n=6),
S,0:> Ve EEAE 8.00-40.00 pg/mL i [l 4R Pk R
U, RIS FEI ARG
2.3.2 EMiFETH DES EHBEAINIDF
R

B 1.7 AR EIE S0:% FE b 24 B A R
FMRCR BRI F 217 nm PEK T IN%E
TS AR AE ODa17, T FH AR i 2 A5 51 5 L Y
Fush DES 43I0 5 4y S:05° e, Wk 2
B o B ML A DES 43 9 S20:2 A HH )
MR A .05 LB E(H ODaire HIGH (A
FHTFhREM LR BT AR S0 & & (ng), FfF
H A AR F (UL, 3£ 2), SEITF S,0:2 Hk i
c=1.0 mol/L, VB F/mM&EAH IR,

H 2 2 Bl vl 41, 5PN DES S e rY 3
4y S0 1 & F 5 b DES S 5 YR 4%
S0 B, M5 DES S S,05% it
bF 54k DES KR S205> [ it o o] LATH
BAMNAR DES Y&/ T 9 # B 75 M4 rd
DES. iX — XSRS T A% S 56 45 SR BT ik 51

FAN, ATLUE W, A5 AN DES
B S203> 1 5 i #h DES JZ W B S:05% & i
PEATIMAICAN 2.15+35.82), MR/ T 2490 A
Y S205% A B (T 100 pL), 7] g2 R 4 S5 K
DES [ 52 1% F1 5 i 4 DES 14 521w 3¢ 9 4> F2 I A
AR HARERA Redk— %
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*2 EWNBFEP, S0 MEALEEE ODwy SHKEHXF

Table 2 Relationship between the optical density OD2;7 of S2032” and its concentration in the conventional

mutagenesis
2%H DES il A&
Item Dosage of DES added (uL)

0 50 100 150 200 250 300
S2052 A 0 100 200 300 400 500 600
Dosage of S2032” added (uL)
5 MarN DES [ J5 i %I4% S2052 OD2i7 {H” 0 0.185 0371 0372 0497 0311 0374
OD217 of remaining S203?" after reacting with intracellular DES®
LiifiN DES i S T4 S2052 H B AL 0 2 2 3 3 6 6
Dilution ratio of remaining S203%" after reacting with intracellular
DES
5a PN DES S G T4 205 0 97.85  196.29 294.88 393.29 493.19 592.99
Remaining S203%" after reacting with intracellular DES (uL)
5 /1Py DES W S20327 0 2.15 371 512 671  6.81  7.01
Dosage of S203%" reacting with intracellular DES ** (uL)
514k DES SRR T4y S203% ODai7 fH” 0 0.121 0241 0361 0.482 0399 0.477
OD217 of remaining S203" after reacting with extracellular DES”
Eiifi5h DES Ui J 1A S2052 Hi B AL 0 2 2 2 2 3 3
Dilution ratio of remaining S203?" after reacting with extracellular
DES
5 Hu4h DES S0 e A4 S20:2 0 64.18  127.60 190.73 254.02 315.93 377.93
Remaining S203%" after reacting with extracellular DES (uL)
5fush DES JZ R S205% 0 3582 7240 109.27 14598 184.07 222.07

Dosage of S2032" reacting with extracellular DES™ (uL)

Bz, METIE, &2 P S EA/MES DES ROVE BT A S2052 X I OD217 fE 3R - MH (n=3) . "I AfE
755 DES XML S20:% Y5, BEASREIE AL MG RE BEHAT 17 ol A S R A i A 2
* Due to the large amount of data, and for the convenience of calculation, the optical density OD217 of remaining S203%" after

reacting with intracellular/extracellular DES listed in table 2 was the average value (n=3). ** This group of parameters

represented the dosage of S2032" that reacted with DES, which couldn’t be obtained by measuring its optical density, but was

obtained by subtracting the remaining dosage from its total dosage added.

Wit 2 P SN . MAh DES 4350 5
) S05* 1yt , 7143 L ) DES ML 5k DES 19
(LA pL i), BT E LA A2 b DES 7E41 i
WA S AR (R 3)0 T35 3 $ldl =] 15
A&

(1) HHAEAS R, 4 PR o 32 52 i T S22 B0
EH WSS, EardEEnmy ik
DES #F A M 2% /N fi#5 DES i
K, WVFRERE NN, 3 AN R E
W, M5 DNA BB 28 LRIk .
SR, B AN EIFAARETCRRIE A, M

A 3 Rl R EE T AL, MW DES
TIIARR 0-200 pL B, H3B AN B M 0
Wz 8.77 uL, HIREK. 455K 1 ATH, YT
W F DES it AH 200 pL B, gEHA AT
P R IERAZH(18.9%), HILATIAN 8.77 uL
Hir R EB A&, o WA E DES AR
MT . MBS S M DES SRR AT, K
5> DES #{#k B fE A soh , A/ ERRE A
B, 200 uL J & DES 7678 W 19 e
A, BB AN B2 AR 4.4%.

WHERGkLEIG ML A&, &6 ¥ £ DES B A
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*x3 EHFESP, DES EEAMMAINI TR

Table 3 Distribution of DES inside and outside the target cells in the conventional mutagenesis

%H DES Il A&
Item Dosage of DES added (uL)

0 50 100 150 200 250 300
S20:2 M A 0 100 200 300 400 500 600
Dosage of S203%~ added (uL)
5gpy DES JZ B S203%72 0 2.15 3.71 5.12 6.71 6.81 7.01
Dosage of S203%™ reacting with intracellular DES? (uL)
Py DES f{) & P 0 2.81 4.85 6.70 8.77 8.90 9.17
Dosage of intracellular DESP (uL)
54k DES [ i) S203%73 0 35.82 7240  109.27 145.98 184.07 222.07
Dosage of S203%" reacting with extracellular DES2 (uL)
s 4 DES f) 4t P 0 46.84 9468  142.89 190.90 240.71 290.41
Dosage of extracellular DESP (uL)
ST S R AR 25 0 -035 —-047 —0.41 -033 -039 —0.42
Difference between calculated value and dosage
added (uL)
DES & A LN L3 © 0 5.6 4.9 45 4.4 3.6 3.1

Percentage of DES entering cells® (%)

3 SIA/NESh DES FUNLRY S20s% A RRIR T3 2 AP ALK . DES HLH : p1=1.179 g/mL (20 °C). °: DES E AN
/A RO TS Z OV S2057 AR RIS E] . ©: DES B AN LA N DES (4 Sl i 515
#If) DES MEAYLLME, 4. 2.81/(2.81+46.84)x100%=5.7%, JLAAAE .,

3 The dosage of S203%" reacting with intracellular/extracellular DES came from the corresponding value in table 2. The

specific gravity of DES: p1=1.179 g/mL (20 °C). ®: The dosage of intracellular/extracellular DES was obtained by calculating

the consumption of S203% that reacted with it. ¢ The percentage of DES entering the cells was the ratio of the dosage of
intracellular DES to the total DES calculated, for example, 2.81/(2.81+46.84)x100%=5.7%, and so on for the rest.

WL, (RS A E B BN, T
Al 33 B HO 40 i 0 7 AR B i B B, JF
7 3 0T 240 B P E i AR VE AR Y DES F A
£ 300 pL B, HBAMIANRERLHR 9.17 pL,
S5G 1 ATHL, ILE AR TE 4.7%, X Y
IEAR AL 0.9%, WP ILTIEH . XL R
(AT 8.77 uL)BE T %F DNA 3 s 4145 o1
7T RS 1 1) 240 it P ) SEL A R 4 4 R o i e
A TIRE , X VR A0S S I AR R 35 Pk
IR FEIFH Z — 5 — T, BARA 8.77 uL
DES #E A4HL N , (B 0] DR % % 26 DES 344
T/ F DNA. 4 A7 4% 19 B FR ORI AL
A AH I I Tl R AN AR B . B IEE . B R A I
' DNA Az 4567, Hik, #EAMANA DES

FE5 DNA 2l Hi AT 68 5 4 16 Ay g e i G
gy, R TS, RT3 A
WAEFT DNA, iz KA4=578

(2) )\ DES B AN HLERKE, 4 DES
HHE R 0-200 pL B, A2 5.6%4.4% B AN T
ML, AR A A T RE R T e AL Y
DES A a1 200 pL B, Hs AP HE R B
HWORRE, U 200 uL BAKEAEH DES A
HEPIA, 5 LRSI 8. FEBiE A
MM DES AR, mlsbEREZ . BB AN
NI DES S 2R B AT, AR5 AR (1) 1R F1
h 917 ul, ARSI, R ERAET
(1) B A HRAR AN AL 18 B 4 i BE 7R 2k 1)
DES W fg24% — & L3, H2mm, fFrik
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VW o A a2 B AR ) 40 DES N RE R F] K
KAER, REfRae I Hig B AR,
SR, B S0 4R B Ho e M A I 5 .
0 AR ARG T 4G i A ) ke B R AR ROR
Sy LB, W AGE A AR AR E R H R, o
A7 20 R 1 a5 5 1 4

(3) TWEIRHME, F3Ch#FA DES B
A 8.77 L. 9.17 uL 25 K52 i ik R rh iy
AR DES 3 A& 1 B A, i E S 41
NIB AR, EEMGEITFEE. TRMRR
VEAE Fp L R At

2.3.3 KRMIFET S DES EMABRAINNE S
mRA

55 H RS AR TP AL AR BEEAL, K 161 Y
FHEN S205% FE A E M FEE7E 217 nm K T
DL B, AR AR v 2675 21 5 i gy Fn
ffi4h DES 435l SO J5 Fl4r S205% Yt (3 4)o

ATLVE 1, S0 # Lok . iEN DES 4
Sl A A BRIS , WAy S205> X 1A' % B
B, MR 2R 43 A5 3 Xt o % 2, TR
5 MM S DES 2 BN S:0:* &,
[ B R BUAAS, LIABUTHWL). B IAEH,

x4 KRHFES, 0.7 MHHNAEEE ODw SHIREH KRR

Table 4 Relationship between the optical density OD,;7 of sodium thiosulfate and its concentration in the

improved mutagenic scheme

#H DES il A&
Item Dosage of DES added (pL)

0 5 10 15 20 25 30
S2032 I At 0 10 20 30 40 50 60
Dosage of S2032” added (uL)
5MIN DES ) 9947 S203% OD2i7 0 0.160 0.321 0.484 0428 0.546 0.501
OD217 of remaining S203%" after reacting with intracellular DES”
52N DES KNS BIRIAy S2052 Hi AT 4 0 2 2 2 3 3 4
Dilution ratio of remaining S203?" after reacting with
intracellular DES
5 My DES UM A BRI S2052 0 8.50  16.99 2554 3391 4322 52.88
Remaining S2032" after reacting with intracellular DES (uL)
5N DES KOV HY S20527 0 1.50  3.01 446 6.09 678  7.12
Dosage of S203?™ reacting with intracellular DES™* (uL)
5 i5h DES SN JE B4 S203%” OD2i7 fH” 0 0.299 0296 0.440 0.392 0.480 0.422
OD217 of remaining S203%" after reacting with extracellular DES”
a4t DES S5 BIRIAT S205% Hi B AR 0 - 2 2 3 3 4
Dilution ratio of remaining S203?" after reacting with
extracellular DES
514k DES K05 T4 S205% 0 791 1563 2323 31.05 37.99 44.58
Remaining S2032" after reacting with extracellular DES (uL)
5 i5h DES S HY S20527 0 209 437 677 895 12.01 1543

Dosage of S203% reacting with extracellular DES™ (uL)

"5 2 HEDEE ML, K 4 S HN/ESN DES KON JERIAY S2052 X N OD217 (B R I fEL(n=3) . "I A (E
5 DES [N S20:% WY, AN REIE L MG EE BEPAT T2 b HOI AR SRR Ay i A 2
* Similar to the optical density in table 2, the OD217 of remaining S203%" after reacting with intracellular / extracellular DES listed in

table 4 was averaged (n=3). ** This group of parameters represented the dosage of S2032~ that reacted with DES, which couldn’t be

obtained by measuring its optical density, but was obtained by subtracting the remaining dosage from its total dosage added.
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5HMiN DES RVJEHIFE AR S:05 2T 5ok
DES J v J5 R4 S,05* o, 5 DES
KR S:05* /> F 54k DES [ i i S205° 1Y
i, B ER P FE A DES 2T B AN K
DES. SH##AEAMEL, By £ A1UmA
S,05° B S A (P N ETE 1/10), 1 HIH 5 LA
DES J& A5 W 1 H 481 52 1 B 15 o

FAERT LA, SR AEERER, SN
DES S Ji (YT 4% S205° Al 5 il 4h DES [ f i
Tl S0 ZHIAEF A S S LUART,
(8.50+7.91)£10.00 uL %], [FHH, SN DES g
) S,0:* FI5 s DES Wi S,05% Z A A%
FHIEIA 2057 B [U1(1.50+2.09)£10.00 L
S o PN 1) S g RN A1 ) SR T REATE P 2 s 1o
R, MEOSAMHE, BAERA R

W FR 4 5 I RSN DES 4351 R
) 205> [ HE S B AP 1) DES Fgl i 84
TEMISMY DES B, H bWk R 7548 b DES
AN R A3 ARG, BT 3R 5 o X S
R AT IR .

(1) Kt o sb 0% T IS PR, A b
DES RIA] 35 S [FFE iR ROR , #2575 M
VAR, WIETRTIR, TERE— AR AEERT, B
J7 %N DES H# HA &= H 1/10-1/9 (2.1 79).
AT ULXT A B 26 A T 2 SR AS AL B 6 S T A
FEC 385 1 1 L 20 BEAS X DES A3 5 =5 A LU0 B
DES WA 5B AN, HEm i ik Ar .

(2) BIE/EMGIRIE T, DES thARE 4 &Rt
ANARLN , AT — 5 9 8 e 2 I e A . 2
DES Wk BT e, Hos AN iy 2 B 3 8,
0 VT S 75 70 R R v B Wl B 25 AR . MWD
DES fiIl A&y 0-20 pL B, HE AMAEEMN
03 7.96 uL. 454K 2 vl A, MAAF LI EAR
RIRFN KA 24.2%, =T 5 HIAAE B K IEAR
(18.9%)2) 5.3% (2.1 T &), FHARMREE.

FRAKIEAZM S, ATHE 7.96 uL & 8.77 uL
BAE MR, (AR, S, X4 DES i
AT 20 puL #4978 30 pl B, L A 9B AR
BTESE A, M 7.96 uL ¥ % 9.31 pL, {HIGIE G
FYgN, I HIEARSRWIF IR/ . 1T UL P
DES ffEM AN 20 pL, BN K3 ARE
25 B 40.4%, BUEAY IE )5 AR A0 1k F
ERA . TR, RS R AR &
WRLEAE, DIHERKIEAEX N DES A
S HREMA TR R R, TR K
IEAR KX — FEAR 28 AR B4 598 A M PN 195 748
FIEREYIM G, MRS, BANBARYS
2.2 5 R AR EI Y PR — A R AR AN PAAE 7 i i B
S i RBRFE AT BRI L EH XN E R, N B
N EANREHE o — AR B e , H— 587
ME A e DES 43T 15 A DNA i £ i Bl AL P
ﬁ;@[‘),ZS]O

YkLi3h K DES A, 408 P2 Ei il
Ml et i, o ZE R BN BOER E
B A L E 1 S AR RN PN, F) 30 wL B, B RE
FETG RAUR 5.2%, IEAFE N0,

(3) PR 20 B FEE I ok PR AT LA N DES & A
B H— S8 DES B AN R, —JF
16, DES FE7E 0-20 pL B, HB AN
AN 41.8%—40.4% . T 5 FLIFAL A X — H(E AL
4.0%LEAT, ZIRRTER 1/10. 1R 5 B4
JfL AT R F 5 AR R E AP, TR T X B Rl
AR 55— 1, 24 DES AT i 20 pL
if, DES & AMMEY R TGE TR, bR T
s 2Rk (Mg A s A BR)A &5k,
IR RSEE R 7 7 ST 51 )| S I S o e
DES # A M N KRB/ T REMLE, T H 7524
KA A RE IR B [RIRE A A AR 85 SR o i X 40 it o
PRSI AR LRSI, 7

AR LU SRS R AT

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



KIPRER S5 | e RUBT R B o R A T AR R FR AR 1k

181

(4) XTHEBIEAE (R )M RIBAE (R 5)
LS IRAT LA, R AN E 7 5238 2 FRFE 07
AR SR T BN FEAE R R AR, AN B ol
Jr% T, DES FE4H M N Y 0085 B RSO AH
B, AN A DES )£ 4 9.17-9.31 uL Z|f],
21 it B R 2K 17 ) R AN BB A X Y, A AR
PATRIET . AT 451, ANEIEFEAR,
PEA ML N DES Rl & 5B R Ik, 0]
AE 55 20 P BT BB R 2 1 B A G o R A Y
7 i M RE D AR BT T AR A R L s
AR TS AP ) 3R R LB e I AR R, ]
FEASRE AR 20 it iy R 2 2 Fe R
2.3.4  $,0:2°221F DES iFT B 4958 0E

(1) 7™ BAL 5Tt 1 36 i

B3 A TIE 3 i A B . b i U R R
AL €, AR SN KR W 2D R R A B T
(S%). ZRESCHR[29-30 0 Hob AT AL ] . Top &
B K e e W R AR RAT AR, WE
J&7 80 °CHET 2 h, A GXTHAAH 44, 0
Bl 5 Bis. PRI R4, R
SEMEUE . A E R,

Xof B WUk ] IF EAT XRD 4509207, 45 R3¢
B, 505 A AT 5 0 B AE 260 4 23.082°,25.879°
26.749°, 27.769°F1 28.680°4k , UK 6A Fi/s,
2B Fddd, XPRL S°#9(222). (026).
(311). (040)FI(313) Ak K, 5 Ss fnifE K%
(08-0247) (&l 6BYXf Lk, gAY G, FRWE
B SO ) FEAFAEIE AR Ss, BIRH B, ]

S:05°" Y5 DES [ G M- Wi B RUEAAE. RTme A E S MiarP, 545
iR, 8 pH 2, LA 6 000 r/min #5.0> 15 min, IR EIE5 R 2
#z5 HRAIFLH DES FEMEAIMNY S IR
Table 5 Distribution of DES inside and outside the target cells in the improved mutagenic scheme
%H DES il A&
Item Dosage of DES added (pL)

0 5 10 15 20 25 30

S20:2 A 0 10 20 30 40 50 60
Dosage of S2032 added (uL)
5 HuN DES JBi Y 2052723 0 1.50  3.01 446  6.09 678  7.12
Dosage of S203%" reacting with intracellular DES? (uL)
L DES f&® 0 1.96 3.93 5.83 7.96 8.87 9.31
Dosage of intracellular DESP (uL)
5 Hu4h DES i S2052723 0 209 437 677 895 12.01  15.43
Dosage of S203%" reacting with extracellular DES2 (uL)
lu4h DES [ &® 0 2.73 5.71 8.85 11.70  15.71  20.17
Dosage of extracellular DESP (uL)
IR 5 PR A 25 & 0 -0.31 -036 —0.32 -034 —042 —0.34
Difference between calculated value and dosage added (uL)
DES & AW A i L3 © 0 41.8  40.8 397 404 364 316

Percentage of DES entering cells® (%)

3 SHEAN/LSh DES ROV S205% B BERIR TR 4 AR & . P2 DES ¥ AN A9 5/ A0 Y i by e i 31585 2 R0

M) S20:> THFERL A 5. ©:
1.96/(1.96+2.73)x100%=41.8%, HA4x2HE,

DES #& AN LR 4MIA DES B& S5l 1M 52 DES BRI, .

2: The dosage of S2032" reacting with intracellular/extracellular DES came from the corresponding value in table 4. : The
dosage of intracellular/extracellular DES was obtained by calculating the consumption of S203% that reacted with it. & The
percentage of DES entering the cells was the ratio of the dosage of intracellular DES to the total DES calculated, for example,
1.96/(1.96+2.73)x100%=41.8%, and so on for the rest.
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1 )
i EHT=10.00 kV WD=12.8 mm /Mag=10.00 K X Signal A=SE2

5 BRI AZZS(10 000%)
Figure 5 Appearance of elemental sulfur (10 000x).
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Figure 6 Existence form of elemental sulfur.

(2) =Y L RER R

X b 0 A5 B ) T T A
(GO, &R 7 fs. FriEiEE S, Z
Mt W A ] 3.527 min; AESLIEEI S, W
U] 3.532 mine XF EGRTHL, A 06 HS W A [
EHRAEY) H G (] AR — 3, fh T E R Y
FEW) 2 — R LI (CLHsOH) .,

S IR B TR I 5 0 BV T SR I TR
PE, BT IoRSFEENE, HEW S,05* 5 DES
KRBT

(C2H50),80,+8,05% +H,0—

2C,HsOH+S |+S0,+S04* (5)

PL S:05 "4 1l DES A TE AN M A 5% T R AT
BT, ANTEREIN S, HO A M) RE P
AN, 5ICERIRGE A e — 8, X S,057
A T2 1 DES 578 # J5 IR BT AE .
3 W54 #

WK DES A C A1 2 s>, R
[ AR 2R 2% B 7] BEAS W] . Xia S22 AR
1) H SR PR SR, A S0 R 2245 5 g
e 1A% B B R LB AR BE 1 RN SRR, B
SREMANF, (HARIS 3] T A A8 b, XA
BT DES AR e R . )i A E T
AT AR G A, it A R 9 728 % TR R 1Y)
TR mP, SRR A DES AR 45 &4 #LY
T T, WIZS 5 15 BTt # vk RS i 28 A8 bk o
ARSLgG XML AT by RS A PR AR
PRE LT TR 0, 2R3 7 PRI AAEE ) B
HBBFR 8 A% A S AB PR o 3 26 58 A8 R (9 Tif 4
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Time (min)

B 7 FYRENSEEIESHER GRS 220 °C; AU 20:1; KA T
M#S(FID): 240 °C; #FFfREE: 1 ul; ®IRTEIE: 40 °C; PIGRLRFEETE]: 2 ming Z4THE : 10 min,

Figure 7 GC analysis of the product solution. GC conditions: Injection temperature: 220 °C; Split ratio: 20:1;
Hydrogen flame ionization detector (FID): 240 °C; Injection volume: 1 pL; Initial temperature: 40 °C; Initial

retention time: 2 min; Operation time: 10 min.
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