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1 LERs

1.1 ERSHE

F R (54, 28 Fisher Scientific 2AF]) ; RE(#rdll, PEBRAAMTENERAR); FR
R (R ARRALZERNT) s TR (MR T IRAAF, 4 9% ).

LTQ XL B F-Bt B {X . LTQ Orbitrap XL %4 3 5 4> B2 B3 AN Xcalibur FRMH AL (£ H
Thermo Scientific /A7) ) ; EESI B3R! " (VLTI STt Bl 2 5SS E L1 % B A7) ; KQ32008B
RGBS P e 2 (RIS (X2 BR/A 7)) ; Discover-SP BIBIL X i 58 (£ E CEM A7]).

1.2 XBIE
1.2.1 +EBRHRERHE 20 FEDEMWRERTHT 2010 £4 ARBILFEEFER¥RLA
A ARSI Y (E116°55, N28°15" ) KIS IX , RAERE R0 ~20 cm. AR + R EFHLH
(LERHEEEL) , B REMFE T HERERART AR RMEL, RAKETO~4 CRE, 7d
B IR

A1) P o A 2 B 4T A S SE IR v AR CRIEFRR) #ATX LR, $£5£10~20 cm £
Bt, ZEARELHMAS00 g BB 1 o/L REKBE, MFHRC, BEHN EE T EHHR,
3 d ER RS R REFRICA R AR, KRR RIS R4 RO 2 1+ S30RE 25 B RO BR T AR &
FIBRG , STEPSHERM. RIS g HHERES, MIA 20 mLoK, B¥ S min, BARALHE S min J5, BH,
k. WEEESPIMA 20 mL KBS min, AN S min J5, A, S, SRR, BE L
W, BHRRE, &R
1.2.2 A& SBHFRO0.5 mmol HIRE. ZHZBRPFBNTHEET S mL REEF, MAO0.5 mL
AR, BRNESYE THE RS R 15 min, KA MBEE N80 C, HERX 0 W, EhHN
344.75 kPa. LIAME BT T HAL, BERMRRE, XTERENLEEEFRERR, AR
KEH3,3-ER3-BENR.

1.3 Ri&H

R'E LTQ-MS HIE B FRIER, FHEE m/z50 ~300; BIFHE3.5 kV; BHERE 180 C;
BN TR, BES(N,) EHR 1.4 MPa; IERIFARERERAEL N 5 ul/min; BEGHFLE SR
HREOMBER N 5 mm; F/ANEEEMEERR 1 ~2 mm; BREEE 5 FEHREDMAEY 90°, B
I E B Je R 120°, BN BALE SRR DI BN 150°. ZE#fTRBTIE e, BEFH
FEESFER M 1.0 Da, REMEATH]H 30 ms, REIEAER N 10% ~25% . HESH i LTQ-MS R4 A shihik.
BAPRFIEAHER . — RS RE S BE R=60000.

1.4 gt

HTHMAEBEE FHBGRMER, 15/ Gaussian 03W BF A, KA BLYP EEEZ &K
(DFT) F#k, T 6-31G2(d,p) K P EXH 4 FRULMHM BT EMRAL IR E, B AEHY
A E, BT ERATRIE, HMPIEFASHNSEE(BRENE). BdHEMLEEFHRRR
RIS 0 B B BER AL 0 L AG(k)/mol) 1 e < FLRE 1 S8 B ( CID) BB AT B Bk 2.

2 ZR5iTR

2.1 #$3,3-ZHE3-BERAEA EESI-MS 447

mE2 iR, TEERPR3-CHEEI-RENRE EESI PREFAEFENESTET
[M+H]* (m/z 121) B9 FEARRT SR, X RE N L EREREEAER, LSRR S, BB
YIRS BEIR, BERGFSEUNGRHBTRES T LB Lk

A — S REZAEYOEN, EESET m/z 121 HTHEEREE (CID) 417, BN
M= FEHENE 3 Fin. 283 P ERI L EEF (m/z 121) FF LR # R g m/z 223, 73
BEFSHE-MBETER. H0§ m/z 223 3R[2M+2H-H,0]", BEEF[2M+2H]" k% H,0" LR
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Fig.2 EESI-MS spectrum of 3,3-diamino-3-hydroxy- Fig.3 EESI-MS’ spectrum of fragment ion m/z 121 in
propanoic acid in soil extracts from the rhizo- soil extracts from the rhizosphere of Pinus mas-
sphere of Pinus massoniana soniana
Inset shows the zoomed-view of the peak at m/z 121. 48. Inset shows the MS® spectrum of fragment ion m/z 121.

8. BEEEFRET m/z 112 BE—NEEF(M+H] (m/z 121) ZREEECH 9 95 FHig, BRE
TEARRANRAB SIS F. HETH, BEEF m/z 112 fh 83 F[2M+2H]* % 3% H,0
Wif%, 3R F[2M+2H-H,0]" & F. ENLBEE T4 CID B P LF-Emfiom, MBI
(m/z) KRB FRMOBA BT, HHERESETA(M+H] M2M2H] " HRER. BAEF n/:
112 #1223 BH-MEF2M2H BB 4. MAEFXIR m/z120.8 ~122.3(E2 {FHE), TR5
m/z 121 [REHAHZ 0.5 Da(m/z 121.48) F1 1. 0 Da(m/z 122. 10) [ Fig, 4 BEBH —#MHrA—MEF
HIFETE. HA m/z 121.48 1122, 10 B FRMEX EE I HIR 4. 21% 1 8. 34% . R R F 5 T
HiSH: m/z121.5,4.26% ; m/z 122, 8. 53% [+ E 3 WA ST F P HE B (hitp . //www. cjcu. jlu.
edu.cn) ]. BiEHAHZO0.5 Da B FFEEMTREEHAHE 1 Da iy, $iH 3, 3-“HHA3-BEAMESR
SETAER—MEF(IM+H]"). FICHEEF m/z 121 RZFEHF BT m/z 223 #1112 T fEHEE
REJLRSHHT T HEISTHE, BN ERENEWHEITRMEEMHTE. B FAXES FRSEY
FTE, BB T m/z 121 RZBBFBEF m/z2223 M1112 FESH RS FUEREH. Xt EREFH LR
RATREEMYHT THE, BMRTERIEGAEANE), BRERRINSEHESENTEN[ A
EAAERASCHE T FIHHE R (http . //www. cjeu. jlu. edu. en) ]. BEEERIHEAH, 6 3,3-28%3-
RERRERFUET(n/z 121) RBERRET m/z 112 R NS EFHERL E h BT (AC=
43.26 kJ/mol) K TR AN E T m/z 223 B B HEEZIL(AG=-105. 36 k]/mol) , BMESEMER T
m/z223 BFMIE m/z 112 BT, MEEF(m/z 121) B - ZEE (B 3) o m/z 223 AT EREH m/z
112 (XM FERS. BRHERBHBE8E T n/z 21 BEBRAE T m/z 223 3 —F RS> 78
REEAH B H AR (AC=-21.20 kI/mol). MM EIBAEL, _MBETEKR H,0" BT 8
HHEA, XAEEHT _NE FRAENNHEFIHRESEZX H,0°. R, i FEX HO' IBFH
EEAERENEHE, ABEEEIIETES. &%, M FEUKRBZSHEAET, BREZIF T+
EHESNTREMEMRR RO, RN, ZBETFNREEALTF2ANE5E R THBEREA,
mpEE. —HEEPHIFERFEF m/z 103 f93 45 NBEFEL H,0 f CO g, WHZEE
TEEH—OH M= CO. ZHiEE (B3 HE) PHFERAFEF m/z85 RH - RBEHAET m/z 103
#EFEKR 10T HO0ME, TRAMRSEF(M+H] (m/z 121) T ER 2 ~—O0H. BAET m/z
61, 63, 77 #1104 %&%% m/z 121 ﬁ'?]“%% C2H402, C,H,0,, Coz il NH3 F)ﬁg %_tyfiﬁ, i"}ﬁ%
TERPNEE 1 ~=CO, 2 4M—OH M2 M HERHFHBBEER. BREZREFHERLLA
121, ATAHBX 2 MR SE SR TR EARBEE(—NH,). &4iIEEP SR NEERS BN
HWXE 1 iR, RRGAER 3,3- "8 E-3-BEFMR(3,3-Diamino-3-hydroxypropanoic acid).
2.2 ERH3,3-—8E-3-ZREAEA EESI-MS 547

RS 3, 3-“ R E3-RENRKAREH BIEREH, AL RARENERHTE B, 53
#RNLR & W E AT EESI-MS" 0 4. APl R S A (B 4) AT I, m/z 121 (MR F[M+H]*) K
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3,3-ZEE3-BENRNR TLES TE TR I 100 121

Sh, WEREEREN m/z 143 4 TETE, Wi S sof 143

RENYS No BRNBHEERALADIRT 5 o]

[M+Nal*). RERAWN—ZHE (B mz 2 |

143 BFMAM ERREH T e - £ |

B(E2) PR EE, XRENNE BN IREF &

AT KBRS, FFUYE S Na' Bk %0 120 140 160 180 200
B RHAEBSBEEN SR #®ITRIE, miz

EESI-MS FEFERXTEI BRI FEFHER Fig.4 EESI-MS spectrum of 3,3-diamino-3-hydroxy-
BTN 121, 06194, SIS HE (E B MR 2T propanoic acid in synthetic sample

$9.66x107°.

Rk — S RIFE BN, BER TN 3,3-28E3-RERK (n/z 121) ML 3,3- 24
H3-BEFM (m/z 143) 53 BIFAT BBEFE AT, B RRHER R 433108 5 #1E 6 Fim. M m/z 121
i CID EE (B 5) AR B 8 R H B Fig m/z 112 1223, X 2 MFERFBIEH LY N
3,3-"RE3-BEAMNEERKE. HMNMABEFET m/z63 W77 BHEEF m/z 121 5351 &K
C,H,0, 1 CO, Fri&, ZMINE S fin. BHEBEF m/z61 BEEF m/z 121 £XK C,H,0, BEIKETL
RE, m/z103 HRFET m/z 121 E% H,0 M8 SEXBEH BT m/z103 #47 CID 5347, ERITH
E% H,0 ERHBA BT m/z 85(NE 5 HEFR). FR3,3-ZEE3-RENRMWR TR FET
m/z 121 BB FTERABE T (I m/z 112, 223, 103, 104 %) MIZREE MR B FH5 L RE
STER—, RRFEEEFAR, XRH T2 MEMEEREFR. E6 241k 3.3-“HE3-BHE
R (m/z 143, MR F[M+Nal*) - E. RPN FERA BT m/z 125, 111 #1107 BT
BE% H,0, N,H, f12H,0 f78; m/z 97 & m/z 143 [t R —4F CO 1 H,0 FHEH); m/z83 &
FREBEF m/z 143 \PEERTE, LHA0E 6 Fix.
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Fig.5 EESI-MS’ spectrum of fragment ion m/z 121 in Fig.6 EESI-MS’ spectrum of fragment ion
synthetic sample m/z 143 in synthetic sample

Inset shows the MS® spectrum of fragment ion m/z 121.

SREEVERRE BT m/z 83, 125, 111 f197 #AT=F il a4r, FriggEmE 7 fis. B7(A)F
FIRE B F m/z 55 [ NaCH,OH]", REF m/z83 £4& CO fifs; BF m/z 125 i) MS® 435I%E % H,0
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Fig.7 MS? spectra of m/z 143 in synthetic sample
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1 CO BRI F m/z 107 F97[ A 7(B) Fim ] ; BF m/z 111 | MS® M E % OH BEIEF m/z94, I
SR MR AN EEBRABEHA B FigE m/z 129 B 7(C) Fim], BETF m/z 111 &4 H,0 =4
g2 B 7(D) BT m/z 55 F169 43 H%$RE[ NaCH,OH]* [ NaNH,CH,NH, ]*, BR=RFEHETF
m/z 97 43 H|1E % CH,N, #1 CO 8. &35t REMEERM A B =K EESI-MS £ & 5347, #—2HiA
T 3,3- 28X 3-BEARNAAE, HEBAEEELSXMENNRATME.

AN, ME—f BRI R A 3,3-—/E3-BERNREL ST TEELR, KHAH20d
&, RIAE 3 3-C/EI-BREENRNGES. Wl 3 3-“8E3-REARTEKBRIARE, X5%F
SRR NS YEH—. NZLAYNEH RS RERATH, EEERRER B SHEY K
WH AR B RERW—FPEER. BTSSR, FFLAZGE R A] BEA R MBS RE T REAL.

3% A EESI-MS™ #8540 %} be S B ) + 3 . 7EME IR AT A LIS PR B 3,3- & &3-
BERNRNES, MEBARE3dEHNEHEPRAT 3,3-28E3-RERR, HHEEFESHENES,
A RE R MBI SRR BRI ARRIETEL

EEREHRZZEANERT, REXLEHESFAEYEAN. 1o, KRERTIEE B R (Non-protein
nitrogen, NPN) , FIYE N R A B A RIARRIE. R, REER S IKE/ER T RE SRR
MABRBESEHFIWEREEHEDY. Bk, RELAZSEL, TEEFHEEDEREFA. &
HERER, EHSEANCINE) ERT, REWTREAEANR3.3-“EE3-BEARX—T4EY, &
KU EEBREL G EWEREHA A, Hit, EESI-MS AR REA L EEREXUIEONERE
R ARRAE TR BRI AR, 4R, BREEELEFHFAR LI, L3 3-ZEE3-RERAR
FEVEYAE K E M AR EERADR: fIRE N REBAREE 3,3-CE&E3-RERRAEL
B LR BATREEREZEMER3,3-ZEX3-BREABZ ANEEXR; #i—FHR3,3-Z&
HE3-BREARMESHEY - BMEIEF AROBRE.

3 5 R

X F EESI-MS" SR H AT D RMRFR LR, R T Ll —FF ey 3,3-Z8#3-
BRER, ZAEYTRARENERE RS, @ EESI-MS M BiE T HEH. 3,3-28#3-
EERRAKEBPHREARE, RETERREEDETRBIBYFEE. R A EHRARE
et R PLERR L T Hi A0 B 8%, 2% EESI-MS 76 + 32 BT 5 A B9 B AR T 7T 6E.
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Detection of a Novel Metabolite of Urea in Soil by Extractive
Electrospray Ionization Mass Spectrometry

PAN Su-Su', ZHAO Na?, OUYANG Yong-Zhong' , HUANG Ke-Ke** , DING Jian-Hua',
CHEN Huan-Wen'* , YUAN Long’, WANG Xing-Xiang*
(1. Jiangxi Key Laboratory for Mass Spectrometry and Instrumentation, East China Institute of Technology,
Nanchang 330013, China; 2. Jiangxi Bureau of Surveying and Mapping, Nanchang 330025, China;
3. State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, College of Chemistry, Jilin University,
Changchun 130012, China; 4. Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract As an important nitrogen( N) source for the growth of many organisms, urea is intensively used as
a nitrogen fertilizer. A better understanding of urea metabolism is required. Using extractive electrospray ioni-
zation tandem mass spectrometry ( EESI-MS") , a new urea metabolite (3 ,3-diamino-3-hydroxypropanoic acid)
was detected in soil extracts from the rhizosphere of Pinus massoniana. A 3,3-diamino-3-hydroxypropanoic
acid standard was synthesized from urea, sodium acetate and lithium tert-butoxide. The protonated molecular
ion and the sodium adduct were observed in the mass spectrum. With tandem mass spectrometry, the two sig-
nals from the synthetic sample were quickly identified and verified the protonated molecular ion from the soil
extracts. It can be inferred that 3 ,3-diamino-3-hydroxypropanoic acid is a metabolite from urea in soil, and
this study provides clues for future research of nitrogen transformation processes in urea fertilized soils. EESI-
MS is a promising tool for the rapid and accurate identification of trace levels of short-lived metabolites.
Keywords Extractive electrospray ionization; Tandem mass spectrometry; Soil; Urea metabolite

(Ed. : N, K)
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