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2 ok Mol =e] A FHoIA, 0-Methylisourcat= ol =e] 54 obl kel gol4le] 532
3ale] s HElo]=o] AT E SR 7] Wil FMEfO] =S matrix-assisted laser desorption/ionization-
mass spectrometry (MALDI-MS) £4J3}7] 98] &3] AF&-5=t], o213t 24 guanidination®] 2 &
At} Guanidination> WHg- Z70] w}t E&¢] WA ot & AFolr= EFACRE st E 1)
QF=H w4 71| thE WkS-A]F (O-methylisourea, S-methylisothiourea, 2-methyl-2-imidazoline)
& AH810] 65 °C o4 1 A1 ek TR pi 22 (pH 40, 70 3 10 5)01%1 guanidination ¥F3-& 4
Pt =, 48 Z3} O-methylisourea$} pH 10.50] 713 £& < Yeridleh 2o 2 0-
methylisourea €} pH 10.59] W& 27A& o] &35l &, nlo]a 23}, —l—’ﬁ“l’]‘ ’6“’]{' e gk 270l Al
ZhE HSAIA 7P guanidinationS 78RS, €S 01838t 60 & St WA= Zo] 7P &
FHolAtt. AEH 2 O-methylisoureas ©]-8-3t] pH 10.5 &ollA DL o]&sled 1 A7k <L 65°C
oA 7tEsh= Zo] guanidinationd $18+ 2 9] 27| 3it).

Abstract: For the qualitative analysis of peptides in matrix-assisted laser desorption/ionization-mass spectrometry
(MALDI-MS), O-methylisourea, which is chemically bound to a specific site of an amino acid (e.g. lysine)
of peptides and improves the intensities of the modified peptides, is frequently used prior to the MALDI-MS
analysis of peptides, where the process is called guanidination. The reaction efficiency of guanidination varies
depending on the reaction conditions. We investigated the efficiencies of guanidination of tryptically digested
myoglobin using three different reagents (O-methylisourea, S-methylisothiourea, and 2-methyl-2-imidazoline)
at 65 °C for 1 h with various pH conditions (pH 4.0, 7.0, and 10.5), where O-methylisourea and pH 10.5
were found to be most effective. The guanidination with O-methylisourea at pH 10.5 were then applied with
different reaction conditions such as heating, microwave and ultrasound at various times, where heating for
60 min was found to be most effective. Conclusively, guanidination with O-methylisourea at 65 °C for 1 h
at pH 10.5 was found to be the optimized condition.

Key words: O-methylisourea, S-methylisourea, 2-methyl-2-imidazoline, guanidination, mass spectrometry, MALDI-MS

% Corresponding author

Phone :

+82-(0)42-821-5477 Fax : +82-(0)42-821-8896

E-mail : jkkim48105@cnu.ac.kr

~114-



thekst Z 7104 #Elo] = 2] Guanidination HE & ¥ A 115

A S Ao A5 A Sads
EA (rypsingt 22 7HEs] A o]gate] 3
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EAete 4 71ee] dE AMEEA Sl EYRlS
o] 8314 =W arginine¥} lysine o} =Ake] C-EHR
8 AdsiA dc AR 4 Adog AL el
o] AFkt doleuo] 28] o] 23 HEeto|=9] A
FoS vlastr R whuld g gelsh= WHEE SEo]
= A A7 F4Y (peptide mass fingerprinting)©] 2}
3 3h=dl? ol g WS o] &dte] TE s o]
7153 Matrix-Assisted Laser Desorption/lonization-
Mass Spectrometry (MALDI-MS)$} 7+ F &4 7]
£ B2 WS 4o mEA st
MALDI-MS Z#ZE4olM= Al 55 matrixet 37 4
oA MALDI # $jol] €3 £ go|x & A8l AR
£ o] 2311t} o374 matrixi= 014 <] AJUAE
Azl Adete] A5 olslE F& TS gl
At 0 2 matrixe WA THE T3 {7140 EE
olgste=dl, AlE F7ol Wt 54 marixE A H ko]
EA5HA At o & o] @A 2] A9 sinapinic acid
& AH83ka, 3Elo] =& a-cyano-4-hydroxycinnamic
acid (CHCA)E AF&-3tt}l.  2,5-dihydroxybenzoic  acid
(2,5-DHB) matrix2] 7-¢-, @uld Z2 sglo|=3 To
PR LRAL A ARE-E AL 53] Q1AHSHE AR 24
o AHg-€th’ MALDI-MS®] 255 F31A17]7] 913
o8 7HA] =g o] glo] gk=vl, CHCAS} 2,5-DHBE
S3sked binary matrix® AHg-sl] S BAE e
W= S §714F matrixel]l §714 E2& H7hst
] ionic liquid matrixZ A|Z3}] AH8-517] = 31}

MALDI-MS9| A lysines X3¢+ FElo]=5e
argninineS X3t el =EHT U0z v
2 A5 E JEPATE? kA lysineo] X 3HE e}

=
+ $4 <& guanidination®] 2} 3}=H,
S Bt dgRAoa e HE AT E
Al 4= A F b3 Guanidination©] 2 Elo]=2]
MALDI-MSeIA A& FXA7 = S35 lysine?] &
71’35 arginine®] {71 A 7]= Aol 711
<l protonationg &3 ©]
3} g &o] 4 Ao, AAH0E o] B2 HARE
MALDI-MS ZHERS Fall 45 5 Al €t
ARk o 2 seukg-S doZ o, 48 wWol ol &
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AR, H 2ol vlo| 2 Z I microwave)'? &2 XS
3} (ultrasound)''E ©] &3 AX7} BRH T Y}t &
3] mlo] AR TR S & 25 o] g35te] T T}
FEsl 24 A4S FT/HITE A7 e 11
A Jot B AF-oA = guanidinationS Al 71HA]
T2 Wk&-AlF (O-methylisourea, S-methylisothiourea, 2-
methyl-2-imidazoline) & AH&3Fe] o 2] pH “dE] ol 4]
g o83t o] REGA| o} oj= pH e 7}t 7HE
FAQ1 W ZZAJNAE Dol A} b} wEdh o
gk Rk 27(8, vholAR g 283 5)E ol &3t

Fg- AIZHS WASIAIA 7hEA 9ES-S Falste] of
5 Al7Fe] guanidination ¥H-3-S ¢
£ gRlstarz} st

%or R o2 o

2. M ¥
2.1. A2
HEe AlgE Sigma-Aldrich (St. Louis, MO, USA)
oA T TE oA FE A BE =R

A EE oI,

22 tHiHEol 4 Il ol

# @A (horse heart myoglobin) 10 mg= 1
mL o &3)3}l] stock solutiong #|Z 3}, Stock
solution®l] 4] 17 puL (170 pg)= FH 3L 762uLe] 25
mM NHHCO; 3 &3t &, 6.8 uL 0.5 ug/ul EHAI
(Promega, Madison, WI, USA)S 7}8F % 30 =7 ot
aFaL 30 27 A4l §, 37°ColA 18 AlIZF 7hE
ZH TEUA] 7 st o] 2 A sted 100 uLe]
100 pmol/pL 7HE-3l SJEto|= g5 FHEA FTh

2.3. Guanidination

Guanidination2 {84 A 712 o2 A FS o] &
sttt Fig. 1< B Agol M AHEE Al A9l Aok
HAFAL ek, 7k Wk AlF 50 pmole 100 pL 57
ol GANAA 05 M §AE FET 7HEe
Elo]l= & 20 uL, ¥H-& AJeF 20 pLE 0.6 mL tube
o Y3 5% trifluoroacetic acid (TFA), /%, 25%
NH,OH &9& ©]&3sle] z}7} pH 4.0, pH 7.0, pH
10.591 100 pL A 7Hzhe] wkg- Al ke 3]
Az} oA S F 9 /) A} FHE T 27
o] A 8YA EPo] =9 F= 20 pmol/uLo] H T}
)" NS 30 27 it 3,30 27 YR8

3, 65 °CollA 10, 20, 30, 40, 50, 60 ¥ E<F z}7}
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lysi N lysine - N ;
ety 1, Byl )
Fig. 1. Chemical structures of (A) three chemicals used for

guanidination and (B) their derivatized forms with a
lysine residue.
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2-methylthio-2-imidazoline

NH,
CHS j<
NH

S-methylisourea

SAZIT), vlo]a R gkel 2505 o] &3l % f1¢t 2
2 AIZF ES RESAIXIT mlo] AR E el F7] 9
e duk 7148 A A (Electrolux)E o] &-3F
R, 223 7HEF7] el e 4E4dE 221
M2 7] (WiseClean SD-300H (200W, 40 kHz), Daihan
Scientific, Seoul, Korea)& ©]-&3}t}.

24, HEEM 2 ML Fol
MALDI 2 ZHE A4S 93 Matrix £9-& 20 mg2)
2,5-DHBS 50% Acetonitrile (ACN), 0.1% TFA &
A 1 pLoll g3lA1A Az} 7] =g MALDI plate
of AlZ2E matrix 4 1 pL & §F, AXZAIXI T
S92, guanidination® HWEO|= &S matrix &
Aoz 3uf XA T, HA & matrix Yol 1
puLE &3 & ARAIZITh 2 A3 A8-¥ MALDI
A2 7)= Axima CFR Time-of-flight mass spectro-
meter (Kratos, Manchester, UK)Z 337 nm N, ] °]
A Fol e I E AAS 95t Fol
reflectron 4 02 S sIth AbeE B35 @
(horse heart myoglobin)2] ] €-2 Protein Knowledgebase
(UniProtKB) (http:/www.uniprot.org/uniprot/)ol] 4] A1
o™, P68082 &2 MYG HORSES ©]&3lo] g
FI13IH k. EGAICZ myoglobin s T AS g4
7REE S W UEh s o] 82Q1 HEtel=e] ME
2 Z ke ExPASy-PeptideMass (http://web.expasy.
org/peptide_mass/)E ©]-83}9 3, AFH oz Aozl A
FHES ol BT BlwEr] $lstedA = ExPASy-
FindPept (http://web.expasy.org/findpept/)= ©]-&3FR =,
o]w| mass tolerance= 2.0 Das ©]-&-3}5Th
3. 4y & &
3.1. Guanidinaton & MME
Guanidination®] & 3}+= lysine®] 714 < arginine

F R

RREREE

Al "} Lysine®] 971488 2 &719 = e-amine
o guanidino groups =Y EZH F7HAE F UA
Hr}l. Fig 1-& guanidinationS $JaiA & Aol A}
S5 Al 719] ¥Eg- AJ2F (O-methylisourea, S-methyliso-
thiourea, 2-methyl-2-imidazoline)3}, guanidination 5~ 3
H lysined] X2 HoF Tk

O-methylisourea ©]-88t guanidination®] 73 -9, ©]
©7]E methoxy group (CH;0-)°] =™, lysine2] &2}
2o 42,0 Da(CN,H,) TH5- 5718 it} S-methyli-
sothioureas ©] &3k 73 -$-ol|+=, o] 7]+= thiomethoxy
group (CH;S-)0] =™, lysineQ] HA}8-2 O-methylisourea
9} B IAI R 42.0 Da (CN,H,) 9+ 7184 |
2-methyl-2-imidazoline® WF-3- A]eFo 2 o] &3 ¢
ol =, ©|¥ 7]+ thiomethoxy group (CH;S-)o] =™,
lysine®] #A}3L& 68.1 Da (C;NH,) W+ Z7138H
Hr

Lysine 7)ol £2)38l= g-amine?] pKa % <F
103 o], HElo] =] N-EtHo| =23+ amine?)
pKa %2 tigk 102tk 2] wj<oll, pH 10.5 =79
A T BE BE guanidinationo] dold = A g
AA Aol o&] thF-H9] guanidination WH-S-&
Lysine 2+7]9) ZA3}= g-amineol] dojubA Ho}3

32. Guanidnation ¥tg Alote] ME H|I
A 70 <] guanidination ¥F-5- A]<F (O-methylisourea,
S-methylisothiourea, 2-methyl-2-imidazoline)®] & &%
) w3k7] 95ked Al el ThE pH 27 (pH 4.0, 7.0,
10.5)& |83}, 65 °CollA & AI7F &t vhe-& %
B3t Th AA7FA 2] guanidinationS O-methylisourea
< ol&ste] FRHIE, & ArdAE F A &
A 2ES EYste] g B8-S vl B} sigl
o Fig. 2= g 5 AGE A E] A 29
d A3E HE, BRE S A2 )
2] pH 105 W, guanidination &-&°] 7} 34 =4
t}. pH 4.04 73-9-9l& guanidination®] #
o] FYFR] 249k, pH 7.08 7d-F-olli= guanidination®]
F7F FEE AL AT = AU Table 1= o] &
2191 monoisotopic [M+H]" ©]->2] m/z &3}, pH 10.5 =
7oA guanidinationA| 71 4% UEhE AEZHQ
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Fig. 2. MALDI mass spectra of guanidinated tryptic peptides of myoglobin with (a) O-methylisourea, (b) S-methylisothiourea,
and (c) 2-methyl-2-imidazoline at three different pH conditions of pH 4, pH 7.0, and pH 10.5 from the top to the
bottom for each guanidination reagent. Each guanidiation was performed for one hour at the specified pH condition with

the specified reagent.

[M+H]" o] 2] m/z 35 WEbHaL Qv o] & vie =
ANl 719] guanidination ¥H-3- A| &g ©]-8-8}] myoglobin

S HZANAE A$, Y= myoglobing] AE &<l
% (sequence coverage)E T-3FH, O-methylisourea, S-

methylisothiourea, 2-methyl-2-imidazoline®l| tf&}o] z}
Z} 100%, 95.2%, 65.8%C 2 EFSTE HE3F Tuble 1
< 0] &3} guanidination =& Y| EF S W, O-
methylisourea”} 78 &3} 0]} 32, S-methylisothiourea
7F 2 ool Slth 28] 3, 2-methyl-2-imidazoline=
7P Zgo] oF & Z 02 UEiHT ol#s 889
ztol= olg7]e] B4 wjiolzta AEn. AF =
7]¢]l -SCH;7} -OCH; H.th o]&7]ZA] b4 A o]2tar
Azbste] wkgo] Y& & 9 Zlolgta Azt
-SCH;2] steric hindrance”} -OCH;E.t} =7] u] &9
lysine ZH7]91 g-o}R19] H & Wallshs Aoz Azt
Hh
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3.3. Guanidinaton gt3S2e| AlZhH =Z|Xs}

Guanidination ¥H-8- A]2F2 2 O-methylisourea”} 7173
A3elg o2 2 O-methylisourea S ©]-8-3}o] A 7HdE
W B&¥) v s mE vk &% Ao
olu] &&#HA 37 °CollA guanidinationg X8 3% 2
A7k o)A Wk-8-& A A} guanidiantionS &1 3]
AL = A 2719] guanidinatione 37 °Coll
A A= Q=M 2 o #2514 guanidination &
2 A orE Wi olE 65 °CE guanidinationS 53 81
o B AP e ukg 2EE 65°CE EY
guanidination =38kl o] A% 60 ¥ F= W
S-S A7I9, o] A 3] R FL ol oA

A

9} 7o) skelst &= 9J3iT},
Guanidination ¥H-8- =& AFH 02 AHH7]
sle], Al 79 FEle] =5 A sle] guanidination =

A ¢k HEle] =9} guanidination F FERO]=2] A7)
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Table 1. Theoretical monoisotopic m/z values for [M+H]+ ions of unguanidinated and guanidinated peptides and experimental
m/z values obtained from the guanidination at pH 10.5 for 60 min with three different guanidination agents

Peptide Theoretical monoisotopic [M+H]" values Experimentally observed [M+H]" values
Sequences peptides + 42 Da + 42x2 Da + 68 Da O-MIU S-MITU 2M21
47-51 672.4
44-48 684.4 685.0 685.0
135-140 748.4 748.8 748.8 748.8
98-103 735.5 777.5 819.5 820.0 777.0
147-154 941.5 983.5 984.0
33-43 1271.7 1313.7 1339.7 1314.2 1314.2 1271.0
1340.0
65-78 1378.8 1420.9 1446.9 1421.3 1379.1 13793
1421.2 1447.0
135-146 1360.8 1402.8 1401.0 1401.2 1401.4
47-57 1361.7 1403.8 1445.8 1443.4 14443
120-134 1502.7 1544.8 1545.0 1545.0
18-32 1606.9 1607.3 1607.2 1607.4
89-103 1669.0 1670.3
135-148 1651.9 1693.9 1693.0 1693.0
2-17 1815.9 1857.9 1859.2 1816.6 1816.3
1859.2
104-119 1885.0 1953.1 1885.9 1886.2 1886.3
1954.0
81-97 1854.0 1923.1 1923.0
49-64 1858.0 1900 1901.0
104-119 1885.0 1927 1928.4 1928.4
33-48 1937.0 2005.1 1939.0 1939.0 2006.0
80-97 1982.1 2050.1 1983.0
2051.0
47-63 2005.0
80-97 1982.1 2024.1 2066.1 2025.6
2067.0
79-97 2110.2 2109.7

O-MIU (O-methylisourea), S-MITU (S-methylisothiourea), 2M2I (2-methyl-2-imidazoline)

7F WEE Al7tel| wlet ofBA| W= E HES 1
o] Fig. 3o YeRHSATE Al 7 SEo] =+ ofn| =
A¥ 33-43 (LFTGHPETLEK, m/z 1271.7), A4 65-
78 (HGTVVLTALGGILK, m/z 1378.8), A& 2-17
(GLSDGEWQQVLNVWGK, m/z 1815.9)°|t}. ©] A
7Nl S E}o] =& O-methylisourea®l] €] 3t guanidiantion
o] o3&l 42.0 Dao] 571l = Zhzt m/z 1313.7,
m/z 1420.8, m/z 1857.99114 &2 =4 Hth T o7
of EA1E m/z 352 [M+H]" ©]2] monoisotopic
mass®] T} AWbg oz dh-gA|7bo] F7tsle] wheEt
guanidination =] %] 932 FEfo]= 0] A7) ZpelA| A
guanidination ¥ ] Ele]=9] M7= AR o] FFAEHS
th 60 o= WHE-S AAEIoY & S AA

()

SEE 65 ocz AP WRo] HAa
o] 1.0 Da #AA & deamidation®] 7}s3ke], 919 Al
Hepol=oll M= AFE A kAT Table 1914 B
nlo} o] A EAFF A = deamidatione FHEHE|R] o
OLJ—, IRALF M= deamidation® 2 24 F= HEL
AR 2 Ao AHEE ARFEA 7)€
A%50 2= deamidation A &) Felo] Erlssldc).

xS

33. Olo|m3zutel x=2ujojo|a=IoE 0|28t
Guanidination

slo] AR TN BAte] BYL F7IA7)7] wjE] f
NG &3] AFEHE T nlo] A2 9 o] &5}

guanidiantionS 33t 79, 20 £ o]l = F4
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Fig 3. Comparison of the mass spectra for unmodified and
corresponding guanidinated pepetides of (a) LFTGH-
PETLEK, (b) HGTVVLTALGGILK, and (c¢) GLSD-
GEWQQVLNVWGK. Guanidination was performed
with O-methylisourea at 65 °C for various time
durations.

s ;‘]’301 A A7FEY 2FEHS <8717t
AR, 2 o] Tl M= 120 £7HA wH-&E SFAAIRE
guamdlnatlon e §80°] 10% WRte R Yeh} &

ok
o] gg whgH T X e ukE 88
< AlE 9E ske WO E AMEEAE
o Hole @A heRao] vfEo] AR AL
ATED 2 AFA A 8E E2 7Hgshs tiAl 2%
92 78] & 7% guanidination ¥H-3- F-89] 3% U
wo g u]$ ok A|7F Z7te] wE ukg §go
A& 2717t ol sl
Fig 4= €, 25, vlola2y} &

% O
2y

M 7FA] guani-

Z7A0)4 HEFe] =9] Guanidination ¥ T-& ¥l

A 119

(a) Heating at 65 °C

100
80
60
40

20 30 40 50 60

.g ; (b) Microwave
g 8
S 5
c 4
S s
© 2
ISI
RS
T
T 20 30 40 50 60
o5 (c) Sonication
2
1.5
‘|_
0.5
O N
20 30 40 50
Time (min)

®1313.7/1271.7 ™1420.8/1378.8 ™1857.9/1815.9

Fig. 4. Comparison of guanidination efficiencies of three different
conditions (heating, microwave, and sonication) at
different reaction times for three peptides. Y-axis
shows the ratio of guanidination, which was calculated
by the intensity of a guanidinated peptide divided by the
intensity of the corresponding unguanidinated peptide.

dination W2 ZANA A7+ Wslo W} ¥k §
vl wate] Jep I ok 2@eA] B vk} o
L 0] 83998 AL 7P Hke g 8o =9kon
o2 wolass}, 223 /g Ggo] v A

Nvu — (o
g]o E% ifie3 [rlﬁo

Table 2. Comparison of the peak intensities of three peptides from tryptic digesion of myoglobin prior to and after guanidiation
with O-methylisourea using three different method, (a) heating at 65 °C, (b) microwave, and (c) sonication for various

reaction times

(a)
Heating Duration Intensity (mV) Ratio Intensity (mV) Ratio Intensity (mV) Ratio
(min) 1271.7 1313.7 1271.7 1313.7 1378.8 1420.8 1378.8 1420.8 18159 18579 18159 18579

20 3 22 1 7.3 0.7 68 1 97.1 17 148 1 8.7
30 34 47 1 13.8 4.5 56 1 124 3.8 153 1 40.3
40 6.1 106 1 17.4 3.8 141 1 37.1 12 183 1 15.3
50 2.9 43 1 14.8 3 116 1 38.7 5.7 106 1 18.6
60 24 30 1 12.5 2.3 215 1 93.5 42 113 1 26.9
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Table 2. Continued
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(b)
Microwave Duration Intensity (mV) Ratio Intensity (mV) Ratio Intensity (mV) Ratio
(min) 1271.7 1313.7 1271.7 1313.7 1378.8 1420.8 1378.8 1420.8 18159 1857.9 18159 1857.9
20 39 12 1 3.1 12 22 1 1.8 7 39 1 5.6
30 22 49 1 22 49 21 1 43 10 40 1 4
40 2.1 6.8 1 3.2 6.8 19 1 2.8 1.6 10 1 6.3
50 5.1 10 1 2 10 54 1 54 38 26 1 6.8
60 54 13 1 2.4 13 20 1 1.5 39 21 1 5.4
(©)
Sonication Duration Intensity (mV) Ratio Intensity (mV) Ratio Intensity (mV) Ratio
(min) 1271.7 1313.7 1271.7 1313.7 1378.8 1420.8 1378.8 1420.8 18159 1857.9 18159 1857.9
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