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W E: WERADIWREHEABRN D — R RN AR ARSI E A e FaUABE 3-8k
M5B BLai R (PAPS) 95 M5 B4, R SIF £ A ikt 2428, B A CIRE M FAF LB EBA ALY,
FEBIRF P AR R ABDL BT RABRISEFG 10 ANE KRR GBI, 33374 B 34T E T L5t 4
BB F A BAK pET-32a b, 85N KA (Escherichia coli) BL21 347 F & ik o B thA3E R A o 5 SR F
7 AR ~f-D—-F 5L (IPTG) WRE VAR AE R 4Ei% , s T . S4 A= S8 &9 F R AA £ TB AL T FFBEA
16 C 4£ M 0.4 mmol/L IPTG #47# F.200 /min #4ik 44 F, M4k BL21/pET32a-Mbp-S4 &) S4 K@ £RAEH
60.6 mg/L. 5t S4 &R EHITLANAME N EI, 4 FOWRERLBEA 40C, RELL pH H 7.0,LE S A
3.3 mU/mg. il i 4 & 2k A8 &35 - Fi i (UPLC-MS) ¥l Bpi5-A5 )5 = 4, #t — T I09E S4 B b FAkib o, F A
A AEAS B S4 69 R Rk A PAPS B AR T F bt

KRR WEILECRENG; 3-BAMRAR TS WEMEGRAR (PAPS) ; JHFEE; KW, #ik
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Expression and Characterization of Novel
Sulfotransferases in Escherichia coli

GONG Qiaolin', YANG Shuyao®, KOU Mengyun®, SONG Yajian', ZHENG Yingying”, LI Jinshan’
(1. College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China;
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Abstract: Heparin is a highly sulfated and heterogeneous linear glycosaminoglycan of animal origin. Aryl sulfotransferase
participates in the synthesis and regeneration of 3’-pho-sphoadenosine-5'-phosphosulfate (PAPS) of the sulfonic acid donor
in heparin biosynthesis, and is a key enzyme to realize the physiological function of heparin. At present, aryl sulfotrans-
ferases have been reported to have such problems as few species and low expression amount. In our present study, the hidden
Markov model was used to obtain 10 sulfotransferases derived from birds, and the codon was optimized and fully synthe-
sized into the expression vector pET-32a, and the E. coli BL21 was transferred to induce expression. The heterologous ex-
pressions of S4 and S8 were achieved successfully by optimizing the medium composition, induction temperature,
isopropylthio-B-D-galactoside (IPTG) concentration and shaker speed. In TB medium, induction at 16 ‘C using 0.4 mmol/L
IPTG was expressed with strain BL21/pET32a-Mbp-S4 at 200 r/min. The expression of the target protein reached 60.6 mg/L.
The purification and characterization of S4 proteins showed that the optimal reaction temperature, pH and specific enzyme
activity reached 40 C, 7.0 and 3.3 mU/mg, respectively. The modified product was detected by UPLC-MS, and S4 was fur-
ther verified as sulfonyltransferase. The successful expression of novel sulfotransferases S4 has provided an effective element
for PAPS regeneration.
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FF £ (heparin) J2& 3l 45 4 2H 22 v RE K 40 i r= A=
(g — Tl BE R IR AL | AR — R M e o By
BUBEIL  PTIMLAE . HTA . A0 FNA ) 40 B %6 B 254
FHRY. S AR, 758 e 1 B FAE R IR I
TR AT A RN SRE T B, R SO SR
E[E 520 & & PR (Food and Drug Administra-
tion, FDA) ¥4 JiF 51 0 F Al freJet ke o 25 5 2 — 11 3%
PSS VNN e S5y VN E 3 G ¢
TERAL AR A i B Y5 Gy ™ o | okl sz AL A ik s 5
W B 7 490 22 RN G R A P R S P R sy 4, |
o RS T2, X FYLRE IR B et
A7 FETHRE 20 b 2k 0k e RE ) A SR X

AR W) - Wl A B 2 RO OB RS E | ) R Ak
R ES I DIEES S5 SO VRS Sy o3 ) e = 3 )
G LR E By ] o 2 R S i A P B R R I
TERE G B2 5, T4 RO IL B R B Ak A Bl
JIFZR U, ik B R RS WA A AR T R 30—
T FR B 1T -5~ Wl 19k A% 2 (3'-pho-sphoadenosine-5 -
phosp-hosulfate, PAPS) fEfili FE A, T PAPS HiA<
m (>1 Jiot/g) Ba o, ARTF Tl db A= ik,
WHFE PAPS U U/ FHAE RSS2 B PAPS i Rifitas
HAT N FME™ ), GRS (sulfotransferase ,
ST, EC 2.8.2.-) Jeda fiEALEISLIE A AN PAPS F#6F4 45
B P2 Ay U A B 3 - AR -5 - (3
phosphoadenosine-5'-phosphate , PAP) [ — 2 iff . i I
HRMHAE T REEAEMAL T, WA ARG
IRBRIR AL, LS4 Fh AL By oh REN ) dod5 A 2 L 4
JA S M2 AR S i T 25 FE R -
LA RERE D, BRI LBV (aryl sul-
fotransferase , ASTIV , EC2.8.2.1) "Va] L {i ] BE 41 1
XA HE IR W g R ER (p-nitrophenol sulfate, PNPS) Flf
fL 1Y PAP A% PAPS, X2 HETFR & MR
FII PAPS FiA: 7k (B 1) o Ik nT ATE S A
FHIHER PAP XS TR SEAE AL B A [RIHiE 12 PAPS
A BT ASTIV ZESZ A4S AR B 4y
T UG —E T ik e, HRk o g ia b, 3%
VR T I A AR, HARR AT, etk 1
Tl = Az R DL R AR

fa o R Al Fe AR A (hidden Markov model, HMM)
R EIERGE AR gE AN AR | gt
MoV TE AR, EAEYE B AR
A A eI T R — AL T RE R 51
A TAB IR AT, X F SR AR AR T 7 51 A B
P, T A A AL IE B PGS SRR R o BRI B S 2R
Al RAHIA] LAZRA A | S5H | 1 RE SRRk SRS T Hb
T TR SL A AL, i PAPS FEA: R HRALHT T
4, XA SRR A P BRE & R T2 A B
TS o A ST R A A MR, MR B K AT
FARUFHI B , T RS — RIS I A ik
IR N . TEADES Y, B ORI SE T i AR iR 1A
(1) SRR RS AL Wl , T AE R I v i T 57
FIRFNRAL , AR PAPS FHAE R .0 out .

NH,
Nj\)\N
4

N <. A

PNP PNPS

1 PAPSE4.R%
Fig. 1 Regeneration system of PAPS

1 HESAE

1.1 &
1L1.1 Hik. k5514

ARSI B Rk EAK N pET32a, FURIARAATE K
W FF 5 (Escherichia coli) DH5 ol# AF 10, #4519 K 1%
FFHE H & BRE N E. coli BL21 TrxB (DE3) .
1.1.2 A 5ME

¥l 514 . 5-AOX (GCTAGTTATTGCTCAGCG
G) , 3-AOX (TAATACGACTCACTATAGGG) , 1%
Frik At BHEA PR A Al G .

2 x M5 HiPer plus Tag HiFi PCR mix, Jt 5 R 4&
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EAEYREAT IR FORRBGAF &, RARA: LR
e (b5 A A F 5 5N AR -p-D-F 2L 5T
(IPTG) . & NR R A RAPE R, bt B iR A R
3] C500096 TEMAREERCAT , A T A TR (1
1) ety A RN 7] 5 PAP Al PNPS, £ Sigma A F];
oAt Al 27703 o 1 101 3% = A i)

ZQZY-98B I KZ w IR R R4, s
BAUEEA PR/ T ; SCIENTZ-207A Bl g B EAL, T
BB 2 HE IR AR A RN ¥ 5 Nexera 30A R
AW AH 8 3% (UPLC) 43 #r ¢ , H A& Shimadzu ;
TripleTOF™ 5600 %IJ5ii% (MS) 1%, 3 [E Applied Bio-
system Sciex /A H] ; Multiskan SkyHigh #4387 K Fighs
IS, FEBR R RBHL 23 A 5 PowerPac B HLTKAY , SE [E]
Bio-Red ¥l o
1.13 #4%

LB Higdk: BELEK 10g/L, FEFK 5¢/L, NaCl
S5g/l.

TB K35k, Webkky 24 o/L, G 12 g/L, Hl
4mL/L, KH,PO, 2.31 g/L, K,HPO, 12.54 g/L,
12 FHik
1.2.1 B #AR GRS SR

I 5y IR W S ASE T 25 4 AR AT T ik L A B il
S1—S10(F& 1), FEHE P HIARHE KT i 305w i
PEFAT B RSFULAC IS 28 f & Tk (b at) BHA BR A
Al G AL, W B RIK AR pET-32a 19 2 5 B o7 A3
BamHI F Xholl Z[0], 7€ N SN JINZE 2EpE4E & H A
Mbp, J A TEV PN .

*1 FEHEEEBEHER

Tab.1 Novel sulfotransferases information

P = GenBank SR K ¥ /aa
S1 OPJ76008.1 BEFERY 576
S2 POI24850.1 TR T3 309
S3 POI29181.1 TR A3 272
S4 POI29183.1 TR T3 296
S5 POI34478.1 TR T3 184
S6 RMB94193.1 FK 466
S7 RMC02322.1 File 197
S8 RMC11524.1 F e 309
S9 RMC13930.1 FK 296
S10 RMC14328.1 HiMe 319

122 XMHAETHRARGHIE

SRR FEA ) DHS o/pET32a-Mbp-S1-S10
Pk, $2HBUTUR. pET32a-Mbp-S1-S10, 1h27 Has sk 4k,
#| E. coli BL21 TrxB (DE3) @itk ; 4 T LB A
B REHERMRIERUE) , 855 120 5k

AEHEAREEE H398 F4

BOATERED TS PCR IRUE, Lot e B0k 1A 5
PRI
123 #$RiL

PREUI E IE A5 59 BL21/pET32a-Mbp-S1-S10 £4
% E T 2mL TB ARSI, B 100 pg/mL 24
WEZRM 50pug/mL RAPEZR, 37 C 220 /min 1K
Rt ¥ MR 1% R e 8 A A BT 20 mL
TB 35775k (100 mL =) 5557 , M Agoo = 0.6 ~
0.8 B, FERFEES] 16 C, iMA 0.4 mmol/L IPTG (&
WIE) , PSR 20 h, BERER)E, I I mL R
£ 4 °C 5500 r/min Z54F T 250 10 min, WAETR A,
A 500 pL BEERER % vhik BB AR, i E VK L,
P AR (B 300 W, TAE 5, %1k 3s, T
YE 10 min) , {7 & H B0 10 min, 259 IR B i
IERREEY), SRR T SDS IR N I I e
HLVk (SDS-PAGE) 434 -
124 FEEMHHEA

A Z T B E T, X E A TR
RRAL, AU R FREE A IR IPTG 2R E
FERFL oW H iR AR KR S SR &
AL LR 2.

2 BEREEHMRL

Tab.2 Optimization of induced expression conditions

gi's BRI WEE/C PTG Z9KE/ (mmol-L™")  #43#/ (rmin™)
1 TB 16 0.2 120
2 TB 16 0.2 200
3 TB 16 0.4 120
4 TB 16 0.4 200
5 TB 16 0.6 120
6 TB 16 0.6 200
7 TB 22 0.2 120
8 TB 22 0.2 200
9 TB 22 0.4 120
10 TB 22 0.4 200
11 TB 22 0.6 120
12 TB 22 0.6 200
13 LB 16 0.2 120
14 LB 16 0.2 200
15 LB 16 0.4 120
16 LB 16 0.4 200
17 LB 16 0.6 120
18 LB 16 0.6 200
19 LB 22 0.2 120
20 LB 22 0.2 200
21 LB 22 0.4 120
22 LB 22 0.4 200
23 LB 22 0.6 120
24 LB 22 0.6 200
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1.2.5 FaEx G4tk

BUA S5 35 KW 0.8 L, 7E 4 °C . 5500 r/min 4%
fFR B0 10 min, WARBA . i A 4fifb 22 vhiik (pH
7.4, 20 mmol/L Tris-HCI1, 0.2 mol/L NaCl, 200 mmol/L
EDTA, 1 mmol/L DTT) F & B, i F i K1 SbLrE
4°C.1000MPa J&JJ FHERFIE A Smin. £ 4°C .
12 000 r/min £57F F B30 10 min, WA FIEWR, 15
SRR -

FIHTER M REEE A C500096 4tk HEH,
FH 5 AR RR AR AT 22 i e U B AR 25 T, KR
B R S TEM IR s T 10 AR FR 5 A 22 opik
TR, B A s A 10 mmol/L 22 270k
RAEUE HE A .

1.2.6 BE5 MR EAE

Rl E PRI AE - B 20 pg S4 IIAEA 50 umol/L
PNPS. 50 umol/L PAP ¥ 50 mmol/L Tris-HCI & &
(pH 7.0) Hh, FHZRIB/K AN ST 2 B ABC 200 pL. fiiH
FEFRACEERIFE 1 min J%E 400 nm AEWGRE, A AR
HEMHZETTE PNP WREE, LIS IS N Ao 14 28 Sk Xt B
fitf 16 77 € Ry s AR 8 ST, B A B AR A
1 umol PNP Fr5 £ R R 1 MBS J7 5000 o

TIEWE : /£ pH 7.0 B9GP AR Z il AN )i
BEF S4 WIS 1, Ll BEE 1o 100% TR AR
fig i 7, 25 58 X FE A S T s

IciE pH: WE A pH MM, 24 pH=4.0 ~
5.0 B, B R - LR il ; 24 pH=6.0 ~7.0
i, e 2— (N-MG ) 2R IR 2% wiR; 24 pH = 8.0 ~
9.0 B, ¥ H = H LR H e Eh IR £h 4% vho - e il
pH 4.0 ~ 9.0 MG MR, TE fcid B I R ), 4R
FARE pH 5440 T MBS 7 o LU & S 11t
100% HEAHXT B 7, 4 pH XS I B52 00
1.2.8 R = H45H7

B 400 pg 2h {0 A & A 3 mmol/L PAPS |
3mmol/L PNP ., 50 mmol/L Tris-HCI1(pH 7.0) A {4 %
Hr, FHZEIRZKAN S 2 200 pl, 7Efid S W 4644 T S
10h, ¥ E—B i RONAK R E T 100 C 48 i
10 min J& , B®HI E =,

TE A L I 55 HL 8 (BST AT, ol A o 0 A
3% (UPLC) R GE 45 4 ik 4 A WA 4 7 4 o i 1)
SeQuant ZIC-HILIC & 3% # (100 mm x 2.1 mm ,
3.5 um) FEATHRAH AL E , 435 LL 10 mmol/L PR
B (A) 1 100% & B (B) b i s A, Wi & K
0.2mL/min. BEEUF : 0 ~ 3min, 90% B; >3 ~

6 min, 90% ~ 60% B; >6 ~25min, 60% ~50% B;
>25 ~30min, 50% B; >30 ~ 30.5min, 50% ~ 90%
B; >30.5 ~ 38 min, 90% B.

2 HRESH

21 EREZE

FIF BLAST FEFFI-HTEE & A 17720 S5hs AL
RSB N 5 BRI , LA A H PR FIEE 11 AR
Pl B 2 WoR THARPE NN, RS2 (Aves)
KU 4 614 S5IFHIWEN BFRYIREE F BEcE 2 . ff
i HMMER #5447 T H T 2775 U EE R, i 3
HMM $dii4E , i H HMM S g 3348 H A i s (A
B, Y2 IR A I A RS i I R R O S AR T
(B , HE e R A 4o BT i A 10 S0k
B R IR SLEE RS I (S1—S10) , {#i ] SignalP 5.0 X%
GITEL AT 5 ARSI X, i 2 2 1 Bk X
22 BHAXBHEREHEHME

¥ pET32a-Mbp-S1—S10 JFoki s AL E] E. coli
BL21 TrxB (DE3) @tkH, FIIHH 7 PCR I uEidEis
FIPHMA LT (B 3) . #hig | S1—S10 PCR il H
R B K /N3 3 s 3171 bp L. 2370bp . 2259 bp .
2331bp . 1914bp . 2754bp . 1863bp . 2319bp .
2332bp. 2340 bp, BEFEAZ R HL UK 5571 1E B 1) TR %
AT e m) BHEATBRA G170 5 2047, K3
55 Hbr p 80 R 47t £5 5 84 F fk BL21/
pET32a-Mbp-S1—S10,
2.3 BERIEREGMRL

X E R BL21/pET32a-Mbp-S1—S10 #1535
ik, A ATEE A EIKG R ME 4 Fos, HWEAKX
W5 LMI IR AR IE AAATE (B 5) o tHIED 4 S5l 5,
S4 F S8 ka5 HAREE I A 43T B AT (Bl
FEAXE 2> F 43500 7.61 x 10° Fl 7.60 x 10%) , 454
JETERINSE R, RIASZIL T S4 FI S8 WP ELEEFS
BEAE R R RIS R TP B F IR

S R IG AT 8 F kAL SR W 21735 2 A I
P2 5 SRR FRREE I IPTG W8 A e 1 3 S Al
G R TREXT R R & | AR K55 D7 A B2
SN ASZIR X R R AT TAG U (L3R 2) ,
PR B R IEFE BL21/pET32a-Mbp-S4 3E47
BRRBFMAL, SR HNEA S4 WATE
PRk, FIH SDS-PAGE Kl AR FE 414 F &M
JEFGRIEOL, S5 RWE 6 fis .
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Metazoa (

{9)~

Fungi(11)—>
Bigyra (5) >
Bacillariophyta (4)—>

1(17720)

Bacteria &42)-»

Archaea (12) >

unclassified sequences (7) ==

Discosea (4) >
oflagellata (3) >
Evosea (2) =

Haptista (1) =

FUBBLEEB $39% B4

Actinopterid683) >

Avesjg@614) >
prfimalia g3516) >
Kiphibia416) >
pidosaurig(411)->
Festudines(171) -

ondrichth es‘123)->
rocod lia‘llO)"
Lep card"i(40)->
armes (36) >
laria (28) =
cidjacea (25) >

peroaria (9) >

Chopdata (141372
Arthrepodat1726) =

Nenratoda (606) = \ hi

MeolTusca (178) =

Plafyhetminthes (145) >

chinodermata (114) =

Ceratodontiformes (1) >

Annelida (86) >
Cnidaria (71) =
Brachiopo?ia(39) -
Porifera(17) =
Tardigrada (16) >
Rotifera (12) >

N

Placozoa (10) =

Bryozoa (9) =

OMthonectida (2) =

Hemichordata (1) =

B2 BEZBBERNRERILSHER

Fig.2 Taxonomic distribution of all search hits

S1 S2 S3 S4 S5 S6 S7 S8 S9SIOM

S1—S10. FHAF#E; M. marker,
3 EARE# BL21/pET32a-Mbp-S1—S10 & PCR I&IE
Fig. 3 Agarose gel electrophoresis of BL21/pET32a-Mbp-
S1-S10 PCR product
S1 2 S3 S4 S5 S6 S7 S8 S9S10CKM

= 1.8x10°

L |
&= ® Lf:0p
w 55x10°

a - 4.0x10°

3.5%10°

. 1(\‘- 2.5% 10°

'wﬂ*- 1.5x 10"
o LOx10°

S1—S10. F#H Fifk; CK. BL21/pET32a-Mbp; M. marker .
4 BL21/pET32a-Mbp-S1—S10 E#kiI RN AT EEB
# SDS-PAGE H ik &
Fig. 4 SDS-PAGE analysis of intracellular soluble
proteins in BL21/pET32a-Mbp-S1-S10

XFHEZH A BL21/pET 32a-Mbp, X &F Mbp i
%, K/NR 429 x 10", AT Mbp bRZERY S4 2 1R/

J7.61 x10°, HREAE TB BFRILAM FRIRE
TSRO F LB 853758, WRREH T TB KigRtmk
8 LB KRR L A, A IR AR

ST, B MR 5T, B 1R B n] A
ﬁuT%EJﬁ%ﬁEE’JLr‘ T R R S AR )
FELA R GK A EAE R T, Fk B 5 5 T LSRR
MIEAAATE. 76 TB ¥t (BRI 16 °C ]
0.4 mmol/L IPTG #4755 . 200 r/min 3 54FT,
itk BL21/pET32a-Mbp-S4 k3 imly (K 6(a)
VKB 4] o

S1 S2 S3 S4 S5 87 S8 S9S10CK M

3.5%x 10"
2.5%10"

l! 1.5x10"
S1—S10. F#Htk; CK. BL21/pET32a-Mbp; M. marker .

5 BL21/pET32a-Mbp-S1—S10 EikA AR RIEES
B SDS-PAGE H ik &%

Fig. 5 SDS-PAGE analysis of intracellular insoluble
proteins in BL21/pET32a-Mbp-S1-S10

¢ ¢ trceqn

1.0x 10
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1 2 3 4 5 6M

2.35%x10°
1.20x10°

8.0x 10"
S4
7.0%x10*

5.0%x10"

4.0x10"
3.0x 10"

2.5%10"

7 8 9 M 1011 12 13 14

M CK 15 16 17 18 19 20 21 22 23 24

3.0x10°
2.5%x 10"

1.5x10*

1.0x10*

1—24. BL21/pET 32a-Mbp-S4 f4IIE I LT, K5 56 KR 546 1 AR gAY ; CK. BL21/pET 32a-Mbp B4 %53 ; M. marker.

6 S4RIFEFRIEFMHMA SDS-PAGE 5347
Fig. 6 SDS-PAGE analysis of S4 expression in E. coli

24 FAEEQAWK
A KWFFE BL21/pET32a-Mbp-S4 #1 BL21/

pET32a-Mbp-S8 Fik M E L 1 N Jiids il Mbp @il
BRaE, I PR S AR 2 0 FHTE Ry s iR S A2 alifk H
MR o B 7 JKGE 1k S4 MR, TRt & KAk
M, aifb e 2y EE A S4 (Bl 7 1KiE 2) . S4
FHEAFREWRE N 9.7mg/mL, 7&K 60.6 mg/L.
S8 Z R AliAbARICILAT BIRE S, W BBt FEE TR
BT & SRR AT, R RS0 S R
FEOTEERIA T S4.

1 2 M

5

s
5

1.80
1.30
1.00

X XX

10
10
10
7.0x 10

5.5x10°
4.0x10°*

3.5x10°
2.5x10°

1.5x10°*

1.0x 10

M. marker; 1. S4 HIBGHR ;2. 2lifb/5EAEN S4.
7 EH S4EEHALRIER SDS-PAGE Bk &H
Fig. 7 SDS-PAGE analysis of S4 purified before and after

2.5 MFMRRAE
251 REBE

AT RN S4 SRIEF 528, HAwdE v i
FERREREE T 36 ~ 42 C (KZBUK S 2KIKR) . S4 11
FOEREZE R 8 FivR . 45 W, 4 X N TRk
£ 40 CHF, S4 [AHXIEGE T 5K (B 8) , Bl#E Fh
T Ak S TE A S 2 N, SR E
50 CHE, S4 B4REE 70% FXFAEETE J1, HoAiiAb 5 v i
FEVL R TE , 5 WA BRIE ASTIV RV IR EETE 25 ~
37 °C) PSP e HA Bt i IR B 7, AT g Tl AR
FEPRACRRUE M | T2 S R 4 AR AR

100}
°\\c 80F T
R
smoo60F
&
' a0t
=
20F
ol . . . . . .
200 25 30 35 40 45 50
7/C
B8 S4MRIERE
Fig. 8 Optimal temperature of S4
252 i pH

S4 WtidE pH WK 9 AR, 45K, MR
pH & 7.0 B, S4 AT 185K (K 9) , 2§ pH
9.0 B, S4 HIFHXTEEETE IR E 50% 247, Hpfb

N pH JEREIEGE , A7 AR VAR & P E A5 A
A, BAT B 0 B A
100} e
= 80 /
=
hrccd 60
N
X 40r
201
oL— . . . . .
4 5 6 7 8 9

pH
9 S4HIEIE pH
Fig. 9 Optimal pH of S4

253 BEEEA

FEREAHE S4 M fRid O 55, R 40 °C . pH =
7.0 MEIRRT, M2 S4 4ilig s -1l
3.3 mU/mg, SEMFH) S EEE J1oh 13.2 U/L SR EGE T
473 1%,
2.6 RE=#4th

FVARZR LA PNPS R IEHEA, 2 PAPS, {H
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J& PAPS TEIRIMEANERE , W ) WA R PAP., 55 SLMik
SLHE RS S 5% 0 AL AR R AT 3 g 0 e
i) S AL EE N PAPS #6753 PNP |, 3408
PNPS, ARSLESRAIE MIER R, B00E S4 VA&
P UPLC-MS A6, 786 AR, A i

[10-680
1

0.1 0.2 0.3 0.4 0.5 0.6 0.70.8 0.9 1.0
t/min

(a) PNPS Frififh

AEHEAREEE H398 F4

FELRB AL 0.680 min AYTRAHIE (1 10(2) ) mi/z
2159770 [ 11(a) ), S50 241 7E £~ B B[R]
0.688 min [ AHIE (& 10(b) ) m/iz Ky 2159772
(11 (b)), BN S4 ROVEM G52 r=H)
} PNPS, E—I0HIE S4 N5 KL BAE Rl

0.688

. ﬂ -
0 0.1 02 03 04 05 0.6 0.7 0.8 0.9
t/min

(b) S4
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