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Abstract: For decades, the microorganisms in arctic soils
have been newly discovered according to the climate change
and global warming. In this study, the chemical structure of a
lipid A molecule from Pseudomonas sp. strain PAMC 28615
which was newly discovered from arctic soils was character-
ized by mass spectrometric approaches such as matrix-assisted
laser desorption/ionization time-of-flight (MALDI-TOF) and
MALDI multi-stage tandem mass spectrometry (MS). First,
lipopolysaccharide (LPS) from Pseudomonas sp. strain PAMC
28615 was extracted and subsequently hydrolyzed to obtain
the lipid A. The parent ion peak at m/z 1632 was determined
by MALDI-TOF MS, which also can validate our lipid A puri-
fication method. For detailed structural determination, we per-
formed the multiple-stage tandem mass analysis (MS*) of the
parent ion, and subsequently the abundant fragment ions in
each MS stage are tested. The fragment ions in each MS stage
were produced from the loss of phosphate groups and fatty
acyl groups, which could be used to confirm the composition
or the position of the lipid A components. Consequently, the
mass spectrometry-based lipid A profiling method could pro-
vide the detail chemical structure of lipid A from the Pseudo-
monas sp. strain PAMC 28615 as an arctic bacterium from the
frozen arctic soil.
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1. INTRODUCTION

L A AAA 715 Hep7h =3 559 225 ST
off w2k, 54 Y75 ES (permafrost) e 712 0.2 T2t
ol -§- S A SHAl =31 ek [1,2]. o] &2 1, 7] EHA
A RWD M2 T A EE0] 52 FA EFo 2R
AR L o)A, 2 A E = FA] v ol oieh B&3t
A, 71554 vl gt A7t Eds] A3 e ar %‘J‘%
4]. sHA|RE, ‘%k$ At =2 v e S ol 8ot kel A &
A= A ] 93 =)l o] /lofA] ’“EHX*OEJ
A e Alat Ul*“‘joﬂ it =4 W A At v
v] s}t A}3to| .

A FESZOREE AadYy ndE F I S48
(Gram-negative bacteria)2 U] =4 (endotoxin)2} & 2]+ lipo-
polysaccharide (LPS)7} ZA)3}=1], o] = A} E = 2150
A%, BR300 FEEY 2L WA F4E Ao
= F dolo g 2astr} [5-8]. o] ot 1 2447 Y =4
= Zj%ﬂ © 2 Limulus Amebocyte Lysate (LAL) HIAEE &
OH A 75 A B 5 QAR 7] A =49
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stolsli o] S wlel B £4 Blo] Bestol gt
[9]. whebAl, 2 A el Al P& =4 B2k Stk A
ol glof A = % Aol chsl BTk R0l Beha] B S
ol 7129 -7 FHY v ESo] 2L Q= LPS 29}
ulae) Eo2M 27 0|4 go] 2 BAS o 29 B 4 9
= A7l Bast

LPS= 3ot ft22 0 & F7 0-3¢ (O-antigen), 4] &
2] 125 (core-oligosaccharide), 12] 11 X| 2 A (lipid A) F-E2 O
2 A 03U F5o] B thE P2E A7) i g
off A olA = A o= FHFHOE 2§35t [10]. F
420 nge 0519 8 A4 A xpolo] 47 Ao} glo
1} keto-deoxyoctulosonate (KDO)Z F+A & o] Qlch. 1
Il A A As 2g/d Hn LPS7} A2 Q] uhof] 317 & of
Q=S Pt 1) A1 Ak v 4 Fobh ok shoba] Lz
£ 7HA AL, ol o] whef BEeHA S H A A2 W =4
AT T nE, A4 AY BPA & BAL A E
= 3B dod o Sle 549 F3E Tetst=d 9l
o1 4] o F-23lct. 53] 112 A% o] gloiA obd At
(acyl chain)®] 9172} 744 2 Q14| o] Zf G574
A 2 A AT 12 AW A T2 BAL I3 A
ALE0 Qo] A=, MAL7|-EH E3L7] (nuclear magnetic res-
onance (NMR) spectroscopy) [13], 21 7] &5 A=A 7] (elec-
trospray ionization coupled tandem mass spectrometry (ESI-
MS/MS)) [14], 242+ A 7] &= R2FE4 7] (capillary electro-
phoresis-mass spectrometry (CE-MS)) [15], @ tjEHA B
o] 25}/et 2 A e B A 7] (matrix-assisted laser ionization/des-
orption time-of-flight mass spectrometry (MALDI-TOF MS))
[16]5 thefstA o] &ato] 13 S+ A1 A9 35k +
=% st

1 Aol A, chabeh AREA A2
g B3 EEZoRRE 223 AT 3% 048 2|4 A°)
saba] 728 ushelch WA, A A32de 34 o)
ME-L& 16S RNA sequencinge £5}0] Pseudomonas < (ge-
nus)® S &215}91 ©. 1, Phenol/water extraction ¥H-2 7|1t
O 2 gtkitg o]l LPSE &3 7, 7H-2dll & &l 25
o2 At} F lipid AS 84 81T} [17]. MALDI-
TOF MS&= A& A% & of 5 9l o d 5= Adas &2l
AAZG 0w, Bk A SEHE P2 242 99 e
ZZFE A (tandem mass spectrometry)©] 753 MALDI Al
27} o] LE® (QIT) TOF MS (MALDI-QIT-TOF MS)Z o]
&aho] A2 A2 ob4 Ae] 4 W 913, Q4] B
ARl ool £4) 78 AEH LR T sl

2. MATERIALS AND METHOD
2L A EFAEAA

H Ao A A3 EOFL 2014 7Y 0] Svalbard Science
Forum (RIS ID: 6752)2] 3] 7}-2 Wko} Svalvard 2] Ny-Alesund

Al o] 9|3t Midtre Lovenbreen ®stofl A 2 3 = 3ict. B
3} 9F 0~5 cm Z 0] 9] EoFS W4 50 mL Falcon tubeS 9|
sho] 2385l o m 5°Cof| Hashgith. o] &, A HH B
& -70°Co] m] 2] dE ofo] Aol Tl ASF& o83 A
AHE &0, WH golE 22 wj7hA] 4°Coll A Hist

At

o ofo

2.2. Arctic Pseudomonas®] 2] 9 dfj <k

Qs =X E9F 1 g¢& 10 mL2] Nutrient Broth (Acumedia)
¢} Luria Bertani (LB) broth (Merck KGaA)o]| %38} 11, 20°C
o A 2447t F3t 57] 271 0 2 wjoFst it 1AL oA
3] A435le] 100 pLE Pseudomonas Isolation Agar (17208,
Sigma-Aldrich) Zd| o] E¢of (Peptic digest of animal tissue, 20
g/L; Potassium sulfate, 10 g/L; Magnesium chloride, 1.4 g/L;
Triclosan (Irgasan), 0.025 g/L; Agar, 13.6 g/L; pH, 7.0£0.2) 4,
15,20 718] 11 25°C 27 © & 2% S0 Wukujoka ). thof
# 22U 5 o A E sl 9ot gL 2Aoe v
wjof steich. ol £ Fal Bl 22U 2 Helshdn £ 2]
5}7] 93l 16S tRNA sequencing2 43 5} th. 22| ¥ Pseu-
domonas25-€| A& DNAZS =£35}9 1, 16S rRNA &A=}
+ universal degenerate primer?] 27F (5’- AGA GTT TGA
TCC TGG CTC AG-3’)2} 1492R (5°- GGT TAC CTT GTT
ACG ACT T-3)& AF&-3}9] PCR (polymerase chain reaction)
2 53 Z2ZH It [18]. =5 & TOPO TA cloning kit (In-
vitrogen)E AHE-5Fo] HA45F9] 1L, 16S IRNAS] F-A A H& &
o15}o] Al Pseudomonas % 2.2 Polar and Alpine Microbial
Collection (PAMC, http://pamc kopri.re kr)oll 555} T} (Pseu-
domonas sp. strain PAMC 28615).

2.3. Arctic Pseudomonas®] A& A &
Hjoksto] A8 S &3)517] ¢ 3l LPS extraction kit (Intron
Biotechnology, USA)<] lysis buffer 1 mLE 20 mg®] Pseudo-
monas sp. strain PAMC 28615 A 32of| A 7}elal 7237 &
o] g3sto] 35| &afd whriA] skt o] &, A7t
L3) 5 A]&of 200 uL2] chloroform=- % 7}t & 13,000 rpm,
4°Cof| A 45271 A4 EEskleh. el E A4S 400 uL
3 &, LPSE A A|5}7] 95} LPS extraction kit2] purifi-
cation buffer 800 pLE A7} @ &3} -20°Co| A 2417 5
oF Hts}GlH). o] &, A|RE 14,600 rpm, 4°Cof| 4] 1027+
4l BEE dto] AAHE LPSE At doj%l LPSE 70%
EtOH= 23] §H2-5}0] A 23} &, Speed-Vacuum A X 7] & ©]
&5to] A=A Z

LPSo| A X & AE 4 7] 913} 1% acetic acid 200 pLE AX
%l LPSof| 7FeF 3 100°Cof| 4] 907 7FE 5ko] 7F=5-3f 5}
gt} Aol A 4131 & chloroform 400 uL2} methanol 200
uLE A7} 9 531519 a1, 8000 rpm, 15°Col| A] SE7F ¢4 B
2l5Gle 240 o A1E AE 271 918l ofef 9] chloroformZ:
= MZL L5 mL tubeo]] &3] F A4 7kAE o] §5to] A2
AT,
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2.4. A A A2] S 3. RESULTS AND DISCUSSION

EFQIAE -2 o] thH I} 2] A AQ] 3= HLEQI Chitobiose?] =

2 ZAE Ago] ZojA G HE A7) Y 48% 2723} 3.1. AF AL MALDI-TOF MS ¥4

FaAE100 pLE H7Fsto] 4°Coll A 4817 &2t 7k afisl S SEolA A2 B E o F &2 H Pseudomonas= 16S

At rRNA sequencing 21}, |22 £0 7 1T} (Pseudo-
monas sp. strain PAMC 28615). Phenol/water extractiong 7]
2.5 MALDI-TOF MS &4 uFo & 3} LPS extraction kitZ o] &5}o] LPSE 225141,

MALDI-TOF MS 5412 ¢]&}| A%% 28 A A ZE 50% (v/ 5223t LPSo| 1% acetic acid 200 pL-& 713+ 2 100°Co A]
V) HSE/EEREE 10 pLoj| H7FeFIaL | uLE matrix € 90+ 53¢k 7h=&afisto] 2| & AS F=35}%th [19]. MALDI
ol (50 mg/mL 2,5-dihydroxybenzoic acid (DHB) / 70% (v/v)  7]5t B Z A of| A parent iono]| th3t fragment ions©] WAY
acetonitrile (ACN)) 1 uL&} £3Hsto] MALDI £4]-8 &d|o]  8}7] ofjiZof o] & §3 A1 A AY] F2A K 2lo] §-o]s}o]
Eof 1 uLE H A3t & 20 A XA Zth Microflex LRF - MALDI-TOF MSE o]-§-3t A4 A9| 282 3513t}
MALDI-TOF MS (Bruker Daltonics, Bremen, Germany)®] ~MALDI-TOF MS®] A gk 4] Aw}9} o] A 48] AL Eo]A
negative mode?} reflectron modeo| A XA A EA1-S =85t  H 1% Pseudomonas A& A2 AHIAQ L& 7|Hlo &
a1, ~2HEEHL spotd 200 shot¥] Z4ZF Th 2 571 9] spoto]l  Pseudomonas sp. strain PAMC 286152] |2 A 25 3HQ1g)
Al gFsto] 1000 shotZ A GIth MALDI £4& 7H& Hef = 4= A3 (Fig. 1(a)) [20-23]. MS AH E o A 2243k )&
20 kV, o] A k4= = 60 Hz, o] &2 1 A4 =19kV, o] A FL2of| 3Fsh= m/z 1632 7] 2.8} 1 @ 250 s
L AA2HSd=16kV, HEX AL =98kV, A&7 &5 = d=m/z1552, m/z 1462 18] 11 m/z 1382 4| 2 E0] WA= ¢
5.8 18] o] A A7) = 55-65%2] 2702 2aatdcy.  th(Fig 1(b). m/z 1552 m/z 16326] 4 GIeN T C-1742] ¢ o}

Q1 A} (phosphite group)©] Z& L2019, m/z 14622 GleN 1T
2.6. MALDI-QIT-TOF MS" 84 C-3'A2] 9] ‘A2°0}Al AL 10:0 (3-OH)o] 7}7to] A 5h=
214 A0 L2E AASH7] ¢4 MALDI-QIT-TOF MS (Axi-  GleN 119] Q1AL7] o] 2]3} ‘charge-driven’H3 0. & 34 A&l
ma Resonance, Shimadzu, Manchester, UK)E A& MS" & §- =X (neutral ketene derivatives) Fe| =2 2] L9 913
A& st A8 A9 o] 23} B HARE o] A] (90~ = FRIE Tk 123l m/z 1382+= m/z 146201 4] GIeN 1€ C-
100 power)2 Q13+ H A (337 nm, 3 ns pulse width, max pulses 1 2] 9] 0}-Q1 A} (phosphite group)©] 3t} G oA L3921 A
rate 10 Hz) "4y © 2 o] )X et thekA] AgFA S flaff o] o2 ZRIE Sl o, m/z 15528} 5 U5HA GleN 19| C-12tg]
52 344 o] EFY (2x107 to 2.5x10° mBar)o] E3t3]m]  of 4] WA ofelato] Ze]i= o] =, GIeN 119] C-48H A Hr}
71 ¢tef| A CID (Collision-induced dissociation) 474 gk (100~ ol 2R3} AbA YA}l 7177] W&ol B4} | AR} B+
120)0f] whet oA E 2 Bl gt FOor Aoz Eetgsto] o o iAo &Jsf Fof

7] 417] o]t} [24].

(a) o . (b)
.
HO. I o.# 9'(') 02 \s o Q o4 100- 1382
P 5\ 12y 0P
HO 0% HO™ \o« ~
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Fig. 1. (a) The proposed structure of lipid A in previous researches; ‘GIlcN’ indicates the glucosamine (b) negative-ion MALDI-TOF M
spectrum of the lipid A; the x-axis is mass to charge ratio, and the y-axis is the relative intensity (%).
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Fig. 2. Negative-ion MALDI-TOF MS spectrum of the dephospho-
rylated lipid A; the x-axis is mass to charge ratio, and the y-axis is
the relative intensity (%); the described structures were neutral mole-
cule.

MALDI-TOF MS 2402 22 A9] olA7| & 5}ol3}7]
913 525 2|2 Ac] 48% B0 21824k (HF) 100 uLE
H7kshaL 4Col A 4847 9T ujoFstel kel skete Sayst
it} SlAFSHEl %] 4 A MALDL-TOF MS £4] 23}, m/z
15520] ofu] 3] =2 FEE L 2L HAsTt (Fig 2). o]
AT G4 S AT AP AY MS HA AT A Lo miz
15523 m/z 163201 4 Q14717 el A 729 7)=9]
2L YFaH Aol 3, o)t A Ac] 14717 ZFH o]
912 oul it

MALDI-TOF MS 7|dF0 & 5} 2] & A9 13 BA A7}
A Adll Q14717 EAfaH 2L Eelshel o m 10:0 3-OH)
of bl ARgo] EgEC] 98 RFY 4
MS BATEO 2 obdl A 3l Qlab) o] 0} 91X 2 o 4
3 MS 2HEA AE Zulagel o3t EX] e
a7 429 Vs A0l 97 WR), 2 B a5S 2ol 1 g
Z3o] A A A LZ2E Q2817 27140 2 MALDI-QIT
TOF MSE o] §-3 chebA) 2 14 (MS)E S 5tgict.

3.3. MALDI-QIT TOF MS 7]¥te] MS" B4 & B8 3
AT

MALDI-TOF MS &4 o]l A 533t 2| & A9 25 Y53t
7] 9J8) &3 A2 AS MALDI-QIT TOF MSE E3] MS"

A A9 2Rt = [M-HJofl 8l 8h=m/z 1632.32 1] =9}
10:0 (3-OH)9} obdARE T} QA | 71 2l Sz ehal o e =
m/z 155238, 1462.25, 1382.32 5]Z7} A2 9k a1
MALDI-TOF MS E4 oA HE&H A & m/z 114820
m/z 136431 258 12:0 2-OH) o} Al A}Zo] 2 T2 1
AZMH, o] F Ff 12:0 2-OH) oA AF& 9] 2R & IS
AT 53] o] m/z 1148202 o|5 A2 71 obd 5
o] oFAJ A1) Al & of] whE ‘charge-remote’ I} of 2J5}Fo]

1364.31

1004 163232
1148.20
80 4
g 960.11 138232 1552.39
= '
2
£ 60
e
Q
P}
£
o 404
‘E 1462.25
-5
&
20 4
0- Lty
900 1000 1100 1200 1300 1400 1500 1600 1700
m/z
Ms
Observed Calculated .
No. Interpretation®
mass® mass?
1 1632.32 1631.98 M, —HJ
2 1552.38 1552.01 M, - P, —HJ
3 1462.25 1461.86 My — A2¢pr —H]
4 138232 1381.89 [1462.25-P]
5 1364.31 1363.88 [1462.25-P,)
6 1148.20 1147.70 [1364.31—Clcge]
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20bserved mass and calculated mass are the form of [M —H]J~.
M, lipid A; P; phosphite group; P, phosphate group;
CDF, charge driven fragmentation; CRF, charge remote fragmentation.

Fig. 3. Negative-ion MALDI-QIT TOF MS spectrum of the lipid A;
the x-axis is mass to charge ratio, and the y-axis is the relative inten-

sity (%).

o] 2|9l AL (free fatty acid) & 2 E o] 2] 0]t} [25,26]. ESL,
olu] 10:0 (3-OH) o} Ap&o] &7 FLxof| 3Fdt= m/z
1148.209] 4] 10:0 (3-OH) o} A A}& o] A gFghE Z}o] 7} U=
m/z 960.110] AZE 11, o] ATZ A& Ao & 719 10:0
(3-OH) oAl Ab&o] QL3S &1E 4= AUt (Fig. 3).
MALDI-QIT TOF MSE ©]-&-3F MS" 4] -2 ion trap U] 2]
EA 1329t A Els}4] collision-induced dissociation (CID)-&
7IHro 2 o o] & u| 5 WA W HE5H7] o] MS &
Atz o2 B4 A& Z3E A9 Waljrt Ao Hrh
st g ehet skshA SR A o Attt [27]. whekA
MS" B4 Al AEH T o] 252 ofu] o] 2 0 2 RE {2
S Zo| B & MS Ao A g1 T o] s A 50| XA
AS] 273 & [M-HI oA -2 A DA H5317] 98l
m/z 1632.329] gt MS* 248 =83} 3t (Fig. 4). 71 A3t
m/z 1364.30, 1346.29, 1148.203} 7ro] MSE-A 1} £l 3} A2k
< 2= 0350 AE5 0 m/z 1632.32 9| 25 E {2 E
AUE &lskelar, whekA MS 48 &8l 53 10:0 (3-
OH) o4l Ab& E Q4] 7F 24 8k= A& Y58ttt
783 MS 9 MS* A Blak2] 55k 2] A A2 of A A
< gQlst7] flal ShAf =elE 12:0 (2-OH), 10:0 (3-OH) o}
A&} Q147 7} ofu] FRl 20| st m/z 1130.202
MS*S 2=ttt (Fig. 5). MS® 24 A3} m/z 1130202 5
B A7) 7F - m/z 1032.25 9| & Fa A A7 5+
N 2AF-S 891819111, 12:0 (2-OH) oFA At&o] 23 m/z
914.06%= 12:0 (2-OH) o} Al A} E3F T 771 9SS Hol =



= k=2 S o = SIS =
ZTEM AARES 0|2t X EY Fel M 0| ME2| X[HAZSIE 71X 2M 267
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80 4 804
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2Observed mass and calculated mass are the form of [M —HJ~.
M, lipid A; P; phosphite group; P, phosphate group;
CDF, charge driven fragmentation; CRF, charge remote fragmentation.

Fig. 4. Negative-ion MALDI-QIT TOF MS2 spectrum of m/z
1632.29; the x-axis is the mass to charge ratio, and the y-axis is the
relative intensity (%).
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c
K] 942.11
£
9 404
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K.}
&
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o4 A
800 900 1000 1100 1200
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Ms?
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No. N N Interpretation®
mass’ mass’
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CDF, charge driven fragmentation; CRF, charge remote fragmentation.

Fig. 5. Negative-ion MALDI-QIT TOF MS3 spectrum of m/z
1130.20; the x-axis is the mass to charge ratio, and the y-axis is the
relative intensity (%).

it} 12 a1 o] A= MS*of| A m/z 1032.252 5 €] 12:0 (2-

OH) o}4] Aro] 22l m/z 816.080] A% 024 A 2ele

20bserved mass and calculated mass are the form of [M —H]J~.
M, lipid A; P; phosphite group; P, phosphate group;
CDF, charge driven fragmentation; CRF, charge remote fragmentation.

Fig. 6. Negative-ion MALDI-QIT TOF MS4 spectrum of m/z
1032.23; the x-axis is the mass to charge ratio, and the y-axis is the
relative intensity (%).

4= 9k (Fig. 6). 2] 2 m/z 1130.200] 41 10:0 (3-OH) &1
2z0) Fsl= m/z 942.100] AEZE QT 2 A Aol = 72
10:0 (3-OH) o} AF&0] 9128 &913} ¢t}

MS" &4 Atz 353 A" A9 7 obdd AR5 9 Zof et
= L)AL QA7) of Awkat =5 gl 4= Ql9lal o] A ket
Fig. 29| m/z 7299} m/z 825 3] 3.2 £3) 2 Q47| @ o4l
AHEEY SIAE BT 5 ARl whebA MS 9 MS" 24
< %3551 Pseudomonas sp. strain PAMC 286152] 2713t
AE A F2= 2 FIAN OJFA & T2 A= G
T} C-4'9)) 3t 2251, 10:0 (3-OH) A WA C-33} C-3'
off | AE Ajto & o} AstE o] gl o, 12:0 (2-OH) A A
o] o} Al 5} 0] Q)&= 12:0 (3-OH) A WAL C-29} C-2'0]) ofu}
olE Ago g opdstE F29 S Flsk ATt

4. CONCLUSION

T FAg A 23R ) H5 U HT T ES EY0]
=il glom, IR 2L T FA nEo] gEER
S7FetaL Y = aL Qlek 55 17 S92 AFE B 54
oA AHAHQ HH F4E o= F Yo E e
= Q7] wiZof o of] thgk A A A Q1 =4 AE7 vl F a5t
o} & AFoM= FA EFCRRE A2 WA H Pseudo-
monas sp. strain PAMC 286159 | & A FL2& t}ofst A

B4 A 2HE BEto] UFTsTh 1 S| LPSO]
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