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Analysis of Reaction Products of Lysozyme under the Explosion
Condition by Matrix-Assisted Laser Desorption lonization
Time of Flight Mass Spectrometry

Liu, Suhong” Xia, Pan” Zhang, Chenggong™” Zhang, Li** Guo, Yinlong*
(“ Shanghai Mass Spectrometry Center, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)
(® Shanghai Institute of Forensic Science, Shanghai 200042)

Abstract Identification and determination of explosives and explosive residues were a subject of continuing strong interest
in analytical chemistry and forensic science. In this paper, the reaction products of lysozyme under the explosion condition
were analyzed by a MALDI-TOFMS (Matrix-assisted laser desorption ionization time-of-flight mass spectrometry) method.
There was no difference in the tryptic digest between the normal lysozyme and the reaction products generated by detonator,
while some adduct peaks such as [MH~+17]", [MH+18]", [MH+28]", [MH+32]", and [MH~+44]" were discovered in the
explosives. This may be attributed to the reaction between the lysozyme and the active small molecule gases such as NHj,
H,0, CO/N,, O,, CO,, which were generated during the explosion. Characteristic peaks which were produced by lysozyme
and the active small molecule gases from different explosives can be used to discriminate the six explosives. For example,
H,0 molecules which were generated during the exploration by tri-nitrotoluene (TNT) can specifically react with VFGRCE-
LAAAMKRHGLDNYR (m/z 2307) to produce a characteristic peak at m/z 2325 (2307+18). Also, H,O molecules which
were generated by hexahydro-1,3,5-trinitroazine (RDX) can completely react with [IVSDGNGMNAWVAWRNRCK (m/z
2177) to produce a characteristic peak at m/z (2177 + 18). Characteristic peak at m/z 1301 was produced by
GYSLGNWVCAAK (m/z 1269) and O, molecules for the identification of pentaerythritol tetranitrate (PETN). While for black
powder, O, and H,O can both react with [IVSDGNGMNAWVAWR (m/z 1676) to produce product ions peaks at m/z 1694 and
1708. However, only the O, molecules can react with IVSDGNGMNAWVAWR for pyrotechnic composition. As for ammon
explosive, which is a mixture of inorganic explosives and organic explosives, CO, molecules can react with a plurality of reac-
tion sites of lysozyme to produce a series of characteristic peaks signals such as m/z 1313 (1269-+44), 1720 (1676+44), 1848
(1804+44), 2722 (2678+44).
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Table 1 The major peptides of tryptic digest of the reaction products of lysozyme under the explosion condition

m/z(FHXS E 5 E 5/ %)

e IKBURA M = - = —
e TNT RDX PETN & HHK 2 TiFj
— _ 874 (47) 874 (47) 874 (47) 874 (54)
1 HGLDNYR 873 —
_ _ 874428 (53) 874+28 (53) 874+28(53) 874-+28 (46)
— _ 937 (77) 937 (72) 937 (75) 937 (82)
2 WWCNDGR 936 937 (100)
_ _ 937432 (23) 937+32(28) 937+32(25) 937+32(18)
— _ 1269 (80) 1269 (73)
3 GYSLGNWVCAAK 1268  — 1269 (100) 1269 (100)
_ _ 1269432 (20) 1269444 (27)
— _ 1429 (88) 1429 (88) 1429 (88) 1429 (86)
4 FESNFNTQATNR 1428 1429 (100)
1429444 (12) 1429444 (12) 1429444 (12) 1429+44 (14)
1676
1676 (78) 1676 (52)
1676 (77)
5 TVSDGNGMNAWVAWR 1675  — 1676 (100) 1676 (100) 1676 (100)  1676+17 (11) — 1676+17 (12)
1676432 (11) 1676432 (48) —
— — 1676+44 (11)
1754 (96) — _ 1754 (95)
6 NTDGSTDYGILQINSR 1753 1754 (100) — —
1754444 (4) 1754444 (5)
1804 (87) 1804 (67)
7 KIVSDGNGMNAWVAWR 1803 1804 (100) — — 1804 (100) 1804417 (13) __ 1804417 (17)
— 1804444 (16)
2177 (33) _ _ _
8 IVSDGNGMNAWVAWRNRCK 2176 2177418 (100)
2177418 (67)
_ 2307 (56) _ _ _ _
9 VFGRCLAAAMKRHGLDNYR 2306
2307418 (44)
_ _ 2337 (70) 2337 (73) 2337 (83)
10 NLCNIPCSALLSSDTASVNCAK 2336 _
2337432 (30) 2337432 (27) 2337432 (17)
_ _ _ _ _ 2678 (73)
11 GYSLGNWVCAAESNFNTQATNR 2677
2678444 (27)

B & S VI ARE L U (SRR A INE & DA g/ P L O RO NE]

R2 AFSEL AR AR N>R

Table 2 the active small molecule gases from different types of
explosives

FE b RGNS T

TNT H,0, CO, NO, CO,

RDX H,0, CO, CH,0, CO,, N,O

PETN H,, CHy4, H,0, CO, N,, NO, O,, CO,

ok 2y CHy4, NH3, H,0, CO, N,, O,, H,S, CO,

JH K 2 H,0, CO, N,, O,, CO,

T E 2y NH;, H,0, CO, N,, O,, CO,, N,O
2 g

A3z F R 5 Bl O AR — AT IS 1) 5T % 1) 7
W T AERRYESCAT IR TRBE I SN ). — 28D & i
SWMH+17]", [MH+18]", [MH+28]", [MH+32]" Al
[MH+44] %[RRI R N 0645 5 3R 13 T e 2
T AR B b A2 B RNE P /N 43 SR (U0 NHS,
H,0, CON,, O, CO,)Lj ¥ Bl g S I B SO 7).
VA 2 AN [F)KE 25 R NE IS AR T — R AR IR 1) I
NEFER), TR R AL P R AR OB AT ) T X e 2 1)
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fil 3 i e 25 (PR R4, RDX) HEMRIE S HEZ KB,
PETN). LHUMEZ: Bk2h. MKZy. WENEZ: W,
JE 25 g ot B TR A= PRt W TR 8 (lysozyme, FW
14303)0t [ I 2546 [, 2 1 B (trypsin) 4 1 Sigma 2
7], =T 3 (tri-n-butylphosphine, TBP)I [ TCI /A #).
A0S B0 A (s 2l A . Ml-Q 25 B P K
(Millipore, ELPaso, TX), 18 MQecm ™', JLAXIXH): B
A JRFE A N il
3.2 B

4 5 mg/mL [ B B S MR ke 204 |, 4%
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FE b 23 2 g 8 R AR J, 384T MALDI-TOFMS %3

2137

http://sioc-journal.cn/



BHlLE W5 IR
100 142 1755

90

80

70 1430

1678
60
1
50
40 07
1481
1676 + 441677 08
2337 + 32
1429 + 44 1754 + 44 22752337
1676 + 17 1804 +17 2165 2460 2678 2678 + 44
o \] / ,18040+44 ‘
l e ‘L LL o o | . X
800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
miz
B 1 NS IR S R Y Y BEAF Y MALDI-TOFMS Jiti% %]

Figure 1 The MALDI-TOF mass spectrum for tryptic digest of reaction products of lysozyme under the explosion condition with am-

mon explosive

#r.
3.3 BIEMk BRI

M 2 g BYEMEZ, B9 H 2 mL 50 mmol/L
NHHCO; ZZM (NS 8 mol/L JRZEA 20 mmol/L
CaCl,, pH 8.2)%5fi#, A 2 uL = ] 3L, 37 "CILW 3 h
LR BEER AR 50 0 1 (wiw)Eul in Nl A B, 37
CHEMF 6 h, BEMEBAFIAE—20 CUKFE & HI.
34 N

5 WO il W8S A — AT IS TR] RGBT IS A
(AXIMA Performance, Shimadzu Biotech, Manchester,
UK), FTA ik B LE I 31 SO N 2T R AR,
KSR AR 100 (K. FTHEA IE K H MALDI-TOFmix (m/z
700~4000)1F h HhFx.
3.5 MALDI-TOF MS &k

DL a-ff3E-4-F2 35 AR (CHCA)E 3L . CHCA
W10 LIEKER(N 0.1% TFA), it 5 mg/mL
BEFURWE. F 1 pl FE OB T ANV R AL, SR T
S, WO AR R 1 uL BEERS T B2, Bk

TG, BIRT e S IR AT B o0 4.
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