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Tk R 2o B U K IR B WL B 5 64T HPLC-MS/MS 20Tl i€ . #6HH] Waters Atlantis® T3 {43
FE(100 mmx2. 1 mm, 5 pm) K& HARSH (5 mmx2. 1 mm, 5 pm) #1750 85, 58 10 mmol/L H R4k (& 0. 1% B
) -FH (0. 02% FHRR) W0 R SIAREEAT BB VR, L 4 0.3 mL/min, #E3i Oy 25 T, HEFFEEN 10 wL, fEH
M55 BB TE B AT WO B, X B AR G Wit AT e ke AT, MR TR S TR m/z 269, 17>
153.20, WEAEERE N 11V, 2/- 2 36-2"- I AR 2 8 B X4 m/z 267. 00> 136. 10, EEERE N 18 V., 2R FH Mk X
T TR 20 -2 - R UM B AT, A5 SRR R R TR 2- k-2 - AU IR T AE 1.0~ 250 pg/L BN Z
P B oE 2 M R BU(R?) N 0. 996 9~0. 999 6, HiXT b fiifii 2% (RSD) N 6. 51% ~8.35% (n=8) , fE& M’
RS T AT INFR KSR 1.0.5. 0 A1 25 pg/L A i BSOS (n=6) , BRIl T B EICEE 97. 94% ~ 104. 46% ,
RSD ly 3. 74% ~4. 88% ; 2'-2 Jk-2"- i SN IR K 89. 96% ~ 107.21% , RSD 4 4. 81% ~ 13.29% , M w] b T Al
2B HE-2 - IR A HH R 0. 003 ~ 0. 060 wg/L, E &R K 0.010~0.200 pg/L, %X RGBS THT
HPLC-MS/MS & & B s ) 4t T F0 2728 -2 I e 1 1 12, 7 S B it ) o | 8 15 8, ot 8 oy, R
S RGO T R BAN R E AR S W R B T E ARG S T RS e M O AR Wk R A
Mo At TR 27 -2 - I A R AR A T e R RO

SRR« RO (- R DR BT s M R A T 2" 2 -2 - M AT s R R
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Abstract: An analytical method was established for the simultaneously determination the pen-

tostatin and 2’-amino-2’'-deoxyadenosine contents in fermentation broth by high performance
liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS). After high-speed centrifu-
gation, aqueous solution dilution, vortex shock, and microfiltration, the fermentation broth
samples were analyzed by HPLC-MS/MS. The samples were separated on a Waters Atlantis® T3
column (100 mmx2. 1 mm, 5 um) using a gradient elution program with 10 mmol/L ammonium
formate ( containing 0. 1% formic acid) and methanol ( containing 0. 02% formic acid) as the
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mobile phases. Moreover, a chromatographic protection column (5 mmx2.1 mm, 5 pm) was
added to preserve the column efficiency. The flow rate, column temperature, and injection vol-
ume were set at 0. 3 mL/min, 25 C, and 10 uL, respectively. Qualitative and quantitative ana-
lyses of the target compounds were performed using an ESI" source. MS parameters such as the
collision energies and tube lens offsets of pentostatin and 2’'-amino-2’-deoxyadenosine were
optimized. The quantitative ion pairs of pentostatin and 2’'-amino-2’-deoxyadenosine were m/z
269. 17> 153.20 and m/z 267.00> 136. 10, respectively; the corresponding collision energies
were 11 V and 18 V. The external standard method was used for quantitative analysis. The
established method was verified rigorously in terms of the linear range, limit of detection, limit
of quantification, recovery rate, and precision. Pentostatin and 2’-amino-2’'-deoxyadenosine
showed good linear relationships in the range of 1.0-250 wg/L. The correlation coefficients
ranged from 0.9969 to 0.999 6, and the relative standard deviations ( RSDs) ranged from
6.51% to 8.35% (n=238). This result indicated good accuracy and exactitude in the detection of
the pentostatin and 2’-amino-2'-deoxyadenosine. The recoveries (n=6) at three spiked levels
(1.0, 5.0, and 25 pg/L) were in the ranges of 97. 94%—104. 46% and 89. 96%—-107.21% for the
pentostatin and 2’-amino-2’'-deoxyadenosine, respectively; the corresponding RSDs were in the
ranges of 3. 74%-4. 88% and 4. 81%—13. 29%. The limits of detection (LODs, S/N=3) and lim-
its of quantification (LOQs, S/N=10) of the 2’-amino-2’-deoxyadenosine and pentostatin in the
fermentation broth were 0. 003-0. 060 wg/L and 0. 010-0. 200 ng/L, respectively. The validated
experimental method was used for the detection of actual samples, viz. the stored multiple pen-
tostatin-producing mutagenic strains in our laboratory. The HPLC-MS/MS method for the deter-
mination of the pentostatin and 2’-amino-2’-deoxyadenosine in fermentation broth offered the
advantages of small sampling volume, strong maneuverability, good stability, and high sensitiv-
ity. Compared with previously published methods, this systematically established and optimized
method significantly reduced the detection time, and matrix effects were well suppressed.
Moreover, the peak shape and stability of the target compounds were greatly improved. This
method provides a methodological basis and meaningful reference for the detection of the pen-
tostatin and 2’-amino-2'-deoxyadenosine in fermentation broth.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/
MS) ; pentostatin; 2'-amino-2’'-deoxyadenosine; fermentation broth
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2, A REe- W BEAE R i shAH , {8 ] Agilent Eclipse
XDB-C18 {434} (250 mmx4. 6 mm, 5 pm) X} & %
WS E A T ARSI A T T U0 (R AR A R R
FPFERT $84 (25 min) , B¢ &) Ath T 4/ 84 B (8] 4 10. 1
min , A TP 177 ELR I R P bl 4 T
e, o B AR, T B — Ak, s R
HPLC-MS/MS, V) &, i@ #- B BE- 2 W& R i sl A, 4
Hypersil ODS2 {7+ (250 mmx4.6 mm, 5 wm),
fEARmE R T 0% B8 B ) 45 %5 21 6 min, (A {H 2% 071k
SRR ST, W% w) T R B B ) o B S | 1T
ARG, T bR AR O™ R AR, AR B AT R
HPLC-MS/MS Xis wl fth T i 47 K, 3685 7% 0. 15%
=R W) S B AR, R ] Shimadzu Inertsil
ODS-3 AR ERE (250 mmx4. 6 mm, 5 um) FAT
YRS B H R R 30 min DL E o LBy B
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1.1 &R GXF 568

Transcend = %0 AH (8 1%- £f BE TSQ Quantum
Ultra JFiig2% & ( 35[E Thermo Fisher 23 7)) ; Milli-Q
Btk #1826 F Millipore 2 ) 3 28T RF- (Fi 1
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Milli-Q #4li/K
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O BRE A FREL 0. 251 0 mg W= fth T A1 0. 253 0
mg 2'- 252 - E R T FR i | FH B 2l 7K 5 A o
257 50 mL, FoH % 5 mg/L bR RS &R, &

1.5 mL B0, T-80 CAF, TR IBGE
R TR 2782 BE-2- M AR A A G A% TR, B ) A
500 pg/L BIR G HIRIERI, T-80 CIRTF, %11,
1.3 HABtiE

5 mL BB, T 4 C LA 10000 r/min 5.0
10 min, J 100 pL 35, FIZKHGRE 500 %5, 48 0. 22
pm 7K R JE M8 , #51T HPLC-MS/MS A,
14 B®Bif&sE

% H AR HE (5 mmx2. 1 mm, 5 pm, EH
Waters /A1) , Atlantis® T3 ¥ AH (%4 (100 mmx
2.1 mm, 5 pm, 3 [E Waters A 7)) ; #::25 C ;i
SiAH A: 10 mmol/L HFREL (5 0. 1% HIR) , i sliAH
B. HEE( 5 0.02% HR) ; i . 0. 3 mL/min; #F4F
fRF 10 pL, BV F WL 1,

R 1 AT - EE-2BERRERO R

Table 1 Gradient elution procedure of the pentostatin
and 2’-amino-2’'-deoxyadenosine

Time/min Flow rate/(mL/min) ¢(A)/% o(B)/%
0 0.3 95 5
2 0.3 95 5
10 0.3 5 95
13 0.3 0 100
16 0.3 95 5

A. 10 mmol/L ammonium formate containing 0. 1% formic
acid; B. methanol containing 0. 02% formic acid.

1.5 Ri&H

B R HLWESE B 1 (BSI) Y ; B T IR £ 350
C; Z N Wil (MRM) | IE B 7R 2 w525
JE:3.5 KV i B < 77 103.4 KPa; 1 < 7.
310.3 kPa; B IR E.300 C, HEF 8 H
T BT RAESEFEHIE (tube lens offset) M il # fig
(CE) W3k 2,

F2 BEEMT - EE B ARTHSNETH,

T RS  EAAE A
Table 2 Monitoring ion pairs, tube lens offsets and

collision energies ( CEs) of the pentostatin
and 2'-amino-2’'-deoxyadenosine

Tube lens CE/

Parent ion  Product ion

Compound (m/z) (m/z) offset/V \%
Pentostatin 269.17 135.10 78.84 26
269.17 153.20" 78.84 11

2'-Amino-2'- 267.00 114.10 77.78 19
deoxyadenosine 267.00 136.10 " 77.78 18

* Quantitative ion.
2 HR5iiE

2.1 FUEFEHRMRA
SRR TS A FLAR AR 475 20K 5 mg/L Y



557 M

AR, 45« o AU € - P 1B 05 ) P 0 R i P R P A TR 27 -2 - R AU Y - 747 -

2 b o AR UK A BT AL A Y 43 il E EST A
ESI 20T, #4724, MBI & A 38 19 L s
3, IR R B AR R T, S5 EOR,
2 Pl AR EST R T ma i (A . AR5 X 3L
BT RESER T, fEEERE - X &R
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22 BIEHEMIERE

ASLHG BT Waters 23 7 £ Atlantis® dC18
3R (150 mmx2. 1 mm, 5 wm) , Atlantis® C18
3R (250 mmx4. 6 mm, 5 wm) Fl Atlantis® T3
@35%HE (100 mmx2. 1 mm, 5 pm) . 7EAR[E Y37 50
FHVEMEARAE T, SR U T ) W T 1 e B 1], &5
IR, Y EEE Atlantis® C18 (a3 A 46 M B, 155 ]
fb TR EE B RIFE 6 min 2247, 04 SEmE 5, 1M FLRE &
K i ) SRR I, 4 B ) s R — 2 w8, A ™
(4 FE IR 42, AR 0 A o RG24 6 4% Atlantis® dC18
iE%AE A Atlantis® T3 (034 i, mt w) i T 76 14 5
W E] EAE2ZE AR, YIAE 2 min 2247, {H Atlantis® T3
AR LR L B R 2 B i ML A 1 B3R Atlantis®
dC18 Ak s hnfL i, i 5 pH i 32 1 Bl B 98
2 TR B K TR R 0 A2 A DA R S B A
19 H Y, S R 4k ] Atlantis® T3 (%4, I H i
T Waters 23 7508 B4R 4E (5 mmx2. 1 mm, 5
) DA A b A3 6 R A AT AL S
2.3 RBhiEMERE

AHFFEAE L Atlantis dC18 4354 (150 mmx
2.1l mm, 5 um) WE&HEFT, 20 %L T L 10
mmol/L FFERE% (% 0. 1% HF R ) -FH B (& 0. 02% H
fi2) .10 mmol/L R Be (7% 0. 1% W R ) - £ Jiis- 1 I
(% 0.02% H R ) 1E R i sh AR B, ms w4t T 0 27-2
H-2- B SUNR T ) O B ISP (] DB TR RN N SR, 45
R, M4 PEFE 10 mmol/L FFFREL (7% 0. 1% H R ) -4
JiE-FR B (75 0. 02% R ) o 3t sl A B, i ) At T
27 -2 - AR AT I T AR, o0 B B 25, 9
JPERH AR (WK 1a) . HPESE 10 mmol/L
FREL (7 0. 1% R ) -HBE (% 0.02% R ) M ifi 3l
AHAS, W R At TR 272 32 - B R T 5 T g 4y
I TR N R I AF (WL 1o) , Bk, SEE e

10 mmol/L HI %% (& 0. 1% H 2 ) -H B (5 0. 02%
HR ) VE A sl A

BT Atlantis® T3 (A 7E A B RN 2 25 s b
aY F R, R Atlantis® T3 (%4 fk 4k
JE R sIAH 10 mmol/L H R E% (7 0. 1% H iR ) -H
Fis (7 0. 02% HR) , % 5.0 we/L (IR A o HE 1A W
#4T HPLC-MS/MS Wl & . 45 W7, Ws w) T Al
2 A2 - AR T SR A B R T AR
Foma WA 588 R4 (LK 1e) .
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FEREN (ME ) s 46 F 5 b R o3 A L ARk 21
OINF AT AL REAFAE — 22 T, AT 52 W 4 AT 45
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30 pg/L 4
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S84
1

50 pg/L 2'-Amino-2'-deoxyadenosine b
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JL
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~
1
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Fig. 1 Chromatograms of the pentostatin and 2’-amino-
2'-deoxyadenosine in mixed standard solutions
using the different chromatographic conditions
Mobile phase: (a) 10 mmol/L ammonium formate (0. 1%
formic acid ) -acetonitrile-methanol (0.02% formic acid); (b,
¢) 10 mmol/L ammonium formate (0. 1% formic acid)-metha-
nol (0.02% formic acid). Column; (a, b) Atlantis® dC18 col-
umn (150 mmx2.1 mm, 5 pm); (c) Atlantis® T3 column
(100 mmx2. 1 mm, 5 pm).
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il 2825 UL WL, R 40 ) LABR 4l 7K 2 1 386 I
VTR, e B B R 100 wg/L BRI T
I 2- S - 2- AR MR AT IR A PR HEV VR, TN FE R 45 6
3, 147 HPLC-MS/MS #il , LA =5 8 A J7 v 1) 3k it
RN (FE TR = L bR e W B AR it/ 1 7
PR BARY & X 100%) Y

WF5E 20 e Rl T A0 27- 2 32" - i A IR 1Y
B RN 3 5 103.65% (RSD Y 2.01%) Al
107.72% (RSD K 2. 14%) , & B b i Hofth 2 4y 4
G —E AT RIS (HSR BT A/,
U AE I 100% , 1 BH A J7 1 ] A %50k e 3 Jo i
oA
25 FEFER
251 ABEXZ BRHRMEER

HER W H 500 wg/L Wt & fth T Fn 27~ 3-2"- i
SR b HEAE AW, R I 1..0.5.0,10,25,
50,100,200 #1250 pg/L AUIR AR EA R, TEM1L
J R T RN TR 25 A IVEARME T 2, b Gl A
JEMEE A TR 27 32 - AR A I TR (y)
fo AR RS 5 2 AR D R (e, pg/L) ., 4
8,2 LA ITE 1.0~250 wg/LIEHENEMH R
UFRERAE R EL(RY) KT 0.99, ¥ 10 pg/L
(TR B b T VR A EARE 8 R, A5 s 0 T L 178 4 XoF
bR 2= (RSD) M 6. 51% ~8. 35% ( W3 3) .

ASZHAY L 3 A5 10 55 L (S/N) HIi
I {ELAE Al TR 2B k-2 - B AR R AT A ARG H FR
(LOD) g # R (LOQ) o Fill 45 R W, Wi w) fth T
1272 -2 B AR IR AT B A Y BR A 0..003 ~ 0. 060
pg/L, RN 0.010~0. 200 pg/L,
252 BHMERKEE

R T IR UEIZ T i I A R RORS 2 L 25 5 5 R
T v I 5% 118 5% A 91 TR S o S 0 e s ) At T 2
GABE-2 - W AERR T ) B TR ) R VR i s

#3 BEAMTHN2-EE2-BHERTHNEIEEE SR,
HERY GHERERR
Table 3 Linear ranges, linear equations, correlation

coefficients (R?), LODs and LOQs of the
pentostatin and 2’-amino-2’-deoxyadenosine

Linear

Compound range/ LiIleflI‘ 2 Lob/ - LoW/
equation (pg/L) (pg/L)
(ng/L)
Pentostatin 1.0-250 y=51806.7x 0.9996 0.060 0.200
2'-Amino-2’- 1.0-250 y=30541.2x 0.9969 0.003 0.010
deoxyadenosine

Y. peak area; x: mass concentration, wg/L.

T3 AKF(1.0.5.0 il 25 ng/L) BITR A An IR
W, AT IR IR, A KA 6 IR
I, 4R AR 4, WER] M TR 2728 -2 AR
R 0 AR B0 5355 S 97.94% ~ 104. 46% Fl
89.96% ~ 107. 21% ., # W% J5 ik H & Pk RLAF, HEH
JERI IR B T K
R4 KEERERPEIRMT 2 -SE-2-HEREN
IR EE B R ERZE (n=6)
Table 4 Spiked recoveries and RSDs of the pentostatin

and 2'-amino-2'-deoxyadenosine in the fermen-
tation broth samples (n=6)

Background/ Added/ Found/ Recovery/ RSD/

Compound

(pg/L)  (pg/L) (pg/L) % %
Pentostatin 101.769 1.0 102.813  104.46  3.74
98.669 5.0 103.818  102.98  9.65
93.649 25 118.134 97.94  4.88
2'-Amino-2’'- 229.001 1.0 229.921 92.00 13.29
deoxyadenosine  215.776 5.0 221.136  107.21 4.81
213.264 25 235.754 89.96  8.08

2.6 EBRTESAET

AR S 56 % Hh BEAT LA — i = 5 R Al T A 58 A
MR BRI R TS, Fi BB 1.3 5 1 A B v Ak B %
0, AU AR ST 09 4 AT i & e e A TR, 75
W AR BRIE E At T Y 77 5 71,32 mg/L, 2'-%
Fe-2 - AR A 7R 168,60 mg/L( WLIE 2),
NS BRAE i i €233 el b nl B A RN B Ak A
PRENT T W TR T

1.2
1 2'-Amino-2"-deoxyadenosine
1.0
° 0.8
2 064
§ 1 Pentostatin
k= 0.4 4
0.2_: L
0.0 - ———
0 1 2 3 4 5 6 7 8
t/ min

B2 EEREERAEIREMT (71,32 mg/L) 0 2'-EE-2'-
Pt EBRE (168. 60 mg/L) Ky ik &
Fig. 2 Chromatogram of the pentostatin (71.32 mg/L)
and 2'-amino-2’'-deoxyadenosine (168.60 mg/L)
in actual sample

3 it

ARICHESE T el RO (2 - £ BB 5 3 A 0 2 T
TR AT 2B B2 R A o3 B T
AT T — ROV IFE ARk, %05 ik T A1k
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