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solvent : Chloroform
-0 ~ 3,000
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Name : Hong Kil Dong

- Professor : OO0

- Phone : 010-O000O-0000

- E-mail : hongkildong@unist.ac.kr

- Dissolve solvent : Chloroform
- Mass range : 0 ~ 3,000
- Matrix : 2,5-DHB

- Self-User2]
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mailto:홍길동@unist.ac.kr
mailto:홍길동@unist.ac.kr

pa TR

< = L
= m___ﬁ_ B3 U kMO0 GO ol
< T = = T W &
mm oo ud & o o3 =
u e o H@o = Bl o
| < pres mjn K M S _
Ik} o 1o T . 0 gz =< 9
r n ok o O ., sz K
_I._ T _ K ol (] Jod =< <
. ” D < Ymom oo W
K E_ o o SX KO E g0 M
ol M - P F = ¥
K Bl = S L 2
= H@M R oF ol W 15 wlr m_“__ o3
<k K of =~ Sl o K uo <k
e T
IR = S I T |
I = o Mu_u o BRI NN
ol_.._ = m_t 1l = ol |_ML oK ._.__.._._ =
o fNQJA ol M@ S Hom ol
iy I 1t 5y 04 I Kt By T W - Mo
o Rl B = ol U o7 W &0 KM m_o o =
gl a g o K ome
% s gR3 B Koy oK KB AU
<Ko+ o170 MW .o o <0 Ho R,
- N J/ Q_o i < w0
= =n = oU L ulb E| K H ——
2 ¥ s S E LI &
I+ = 10 ofo Ol o3 okor = O m_ Ol ghu
o e & o o xo =
0 e = oW g X T UUF
=) —u <D Sl B = < T .o
- or U o e N TR T e
ofJ %0 on T 1l oo & Rl o i 5z«
Jor = 0 A o o o1, =R o HORNYung
= o1 RIKOT Ho & o 10k K = 5 iz
<k 0f0 771 O ofo TF _A*i__ﬂwwm_: & T T opRo
ERTE = T o OB ok R o roHo
o7 o dmlgm LTI A T
? s grRD Nolyzu o D0 B
R e L RS S :_uq.o_oﬁlwm
S S pr 3o 810 IFoTrrzu HgiHH S
X = o] o0l Wgore B8 & &opR0s
T S Dol Ol 7, ol o — 1o & oo
ol RO Dy L = 300 &2 HFi0grgl @ Jm <o 2
ol D N KUlgagn = 3 = ool
R TCTG TE Tone @ ol =g
K O w1 K B0 gl — o ol |_A._||E__.|1_H
- Dlr.D.oL||_ﬂ_o @uTnxo_u. B o_.._mum_-P_._._._|x._
o ol W o © &K H_rg K o< orol
—~ TO S — S %0 —_ Dq_m.__._._ Ho - _._._.__|._| 1w o
oF B mmxﬂouﬁ e KO |y K AT It g
3 oroproop™py ®WOMIR R O MoggHog i
— — Ol Ol < ol — 373 ol (\._lﬂAﬂHmEAﬂE.__._._.__ﬂ_
Ki Kk oK IHon KO Ki ' %ok Ki= np - 1H & o7 o3
KK RoadladawmT ® THOO TIAQOH @ol @<+




o o o g - O
E - Ll i = = < Op
oH 5 o <L R
= = N Kl
- K — o < = :
@) il mo- =< .
S T -1 et S
= m . 10 oK 7;/.\._0;LI 10]
= = "X L L SEL )
ol < T2 — KO &6t
or K 2 ©O < =0N=F
ol A o) H oo B Lr 10
= 0 jo wr 7T ZXoRioor=-io 4
(| o O_Ll - - < .X_Iml ._A_I
= olu N X0 e ok " ojo
L S o W e riou
ot wmy P = STROAgyrEAr =
4 & wEp gon SEONRED
S B Woly gy HETMyEME
A5 Kk gol Bgdgzdld
LI [0 20 < =S <X NWE_ZFH
= sund (SR R R Y <010 |1 T
W B gl W gozlinss
|__L - O KO - o] KO = o =5
- = - oju o ©F ol oo~ 2
3 o 1= | |_._._._ ol < T-—KOTJIS
KO oo EHETo === _—_=9
e Hp 2 BUS_TT&K
ss or Ik < KKF s us
0< o= ok 7 oor's 2yUle
- i 0fo = LQ_A Tl O
i T <RIG) =TS
aewm_._m._ kolsr =3lay Z2° ok of = | ©
Irz% Tom pomm KUY EE 6
RFER BT L o=, ToJOH =%l ~mp
My Kd ~ O = o ._n.urﬂ__.__:.__l_Hu_l q_u_l_HLfl\
ol ol =~ m._o._ < KW = %0 < o N
Rizp®! B9m0 ooy o0 =M™ =
gXR o BN =g
dom M RO <o RIgrols ®Ealn)
< OU=1m =5 n®5 __0olS 3l
o__u_: =Rt "I YT iuzom
o_u_._._m_._.nA_. il i @ Kool 4W_IE._ il :E.__A
R =Hs: 3 Soyatlo
Oz 38F gkroTg¥olclk
~ o~ F<d  Of o= RO R igd — KA {0
d._lA_O—/ O_Lll |mIEO._OL|_/ |W_A| |r_”_
Dol TR AT T 0= p I E W
N R ey N U AU
mmm_x ran m%au._._Mﬂ_.AM).A M)xo
oo goopR = ok o S U
—_ —_ ~ — -] 50 o . L
WEM.A < <T m___h__l__.Ao_E.Al_.__._IB.Amwr_
S ouronT ol Smlouolm g RO A E
KogrpkRroo: Kgrarogyro< S &KE
RNQOBT O+ TROTO®O0SQkr3 @




=
Kkl
<{F
T
ol
olo
<
o
0
Cll
=
olo
<
oK
K
OF
T
o =5
_|_| —
S
8l =
5 K
LU
" K
g M
o7 oK
[
of Ik
oo
L Bl
K &
60 g
< =z
PE =
ok I
H__l .__A.o
ok 61l o
K~
81— 3N
K
@Wo__
01 T KR
RO N
00 G0 X
<XLILK
< _
O o OI
K — 100
mﬂbﬂ
Bo_u_.A
=

o o+ of
3 i I g
E..A_E o o% DI 51
= = T
X0 __n__._l i = )
Wog, 0 m o
r R oy R
B S = I K
®0  f0 = U1 i
< Ol .T.A|Dlo_|
A H.s o
& o© Woolo= zr
: L Sest k
S HPB O ©
o o He = <
do ™
I L
go I ooy oz
B0 =M gR<f
- - ol & = |
M ., & PN
Bl &0 Ol
— R RS o UKo
oK %0 o 1070 ROklo
— < (@]
< N
LTINS Tl T
= X .___%._o_aaﬂ
= KO E?A?WR
mlo = o_mu.__/qoﬂo.._AlA._
< w_w o__o___:m_m_uww
Of E%Wﬂue.ﬁo
b W RO B
B OF  Zruogo - K
L K utlxunMuxﬂ_o
Kot b oo R oK
5381 —KoK-<"ap
ol , = = pfr B0 RO & XM
oY B = 50~ 1
g0 dHiluomr 0.
Mol =R T I =
= N K =
oK 2 San W’ o
o8 = U oy O = ol
< oK oF - ny
Mﬂm.LoE@BAol_eﬂu_.AT
u_._e._lro_._kl.___oM_.TE_l
K . 1= — |_.._A=._
@Ry - Ol R0S © BIK __
~mT A k= R0, K0
YEads FoR T < lad
RN < X EIm
N o7 il ___o_:. -or
Wz &Ik A KlogooF
Mﬂu_._moa_e%:l%ﬂﬁomo
TH g0 1) oR T Lo gr )
o0 2 oK o < OT 3% g o7 oK
< - —_
(mﬁﬂ?&@ﬁﬂﬁ
%_&lur_momgx._.AMmuu_.._ .
TOOHOOOON O

2rt

M10z=(Z|EH O] X[Ho| Aldo| 2Rt 7Bt M & Atet2 2t 28 #7380 @t




m_._._ LO (a0} (9p] — — (90} — — (ap) (a0} Lo Lo — ™ (a0} LO Lo
ﬂ_
oK
=0
<
o
K0 pl
o) [m]
o g
3 ol
10 W
M| %
= ol
oF il ol
IN0) H ojn
o KO tjo
; aF
< ) G
XF 1) Py oF
ol < il B
[l B KR
® Gl S|4 K
= 3 ok i) e i
e T 0 mﬁ oH -y
- e — — 0 0| = n
by by —_— It <
= | K ) & 1l = . Sl [0 P
= oo or ~ - = ol| T 4 <
Ik = = R A R otz ||| &
= | W G 1l XF Kk B
gl I I O_._ L_L Q_o 1
KO 2o | D 0 T | 20| & 1+ _ 1 g Bl
| K= B —_ | o e — < H | & =< Ho
= SRS KIr — | = =
(DN 5 || = 0| K I = | &l
< | o3 o er|OE | Ro| nT| RS
|..A| Q_o KO =5 — x._ <
EL = s < oF | ol S ol on
= ajo =0 10 | K =
ol =| 2|0l = n ~ | a1 il e =S
= S | KO < i 7] oF| &
ot | R A~ |H o | —| =
= o ls| N 1oF el m _|or |~
=t mm T s ~ - o | U Q| 20| 5
N D < [ ko | | dw A | = [ K N |2
=~ o < | 0o o KC| 3l U Ki_ =
~ mjn K| = | | = | 30 K 0| 5 | od < | | Ho
Sl IF |5 2T (Kl a5 |G| F| o
10 ] o | | =| _| = K K M| X0 ._Mﬂ o 4
=) KO sler| 2o = DofE ] H | g0 |
oo | = _|=|o| K| DI N || g %0 | H| o
o N 5|2 |z~ | XY =) wa | | K° I
<|X|K K| = = | uo ol =o| 4| |of |K o
BT =5 |2 5= M0 | koW | K
alul N i S| % || K| | = | R 2|2
T =)= S Il I R 3 i ol - I S
o} < Tso| & HIol | x| go| X[ | T T4
._WM ._oﬂ_v %L < ¥ = w.t ._.__Mo oo | T | T | 4 oo | <l E.\_”_
[y L HE o mv._l_.u_ A._ .D._“_ ._I.OI _AO |_ |_ _AO m o N _”__,_._._
2K of LI 1 b ol | o 2=
5| 5| % EIEAENE: Ko | Ko | g | F [0 | RO BK ) 5y
| or|or alor|er| e X o | oo | I | T | 00| | MR T
G- N ARG T || X x| 0] g
m|= 2| g == L) =T %00 B\ U
RIS HRIEIESE: KO| KO | < | X | KO| U0 pp| S | OF | w
s I Rl AN B N TR IR IS I B IS =1 ) Rl B -

R




UCRF ZXX/7/=

= TR 2R Y E
(ZH| AL X} 7H 2D
5% OfAb ZH| YA AFEAL S X|=u=0A O|HYE SE(ET 8F o4 Al FH| ALEO| 3747t FX[EZ2
- C SRDSE siie ARE XIS HHE LHL S 7[7| A 0f| H Al

WA A FatEl BY it

= [ = Y

8% OfAt YH| HYAIE AFER R R =m0 A ALEALS| s FH| AFEO| 37 HF SXI=LD MR £ AHEO0[ 7t
[ | - - .
© sgS Ol R SESL XN Ens0H SZ Z&, oig ALEALS] ©- LIS 7|7[20 A Al

omopy  [BH EEATI SRS 5 & fa Aol 9 157 014 Al ST BT siE BH| A8O| 3B

S ARMOIN S BHOf Ofs SHBEOlHES S

of @R 4% US| St

28 o mop [H HERERIE @00 SE @70l slE FH AHB0| 34T BNHE N2 B2, Kz ato0|

S by 32 ws s gl W Y 217140 A
somoly  |PTHEERON RED5o 2% SM0 B 257 014 Al g eFUS| @R AL HH T

AFE0| 17187 BXEE oYz S5

SY ARMON BRX YRS HH

H|o) Cfst0] @TY A% SUE

Aol S S B psopy |OTHBERON NED50 £ ool ST B0 ARABER HH Yol AB0| 1422 BX
22 oYz S8, NEDH0H B2 Us, oY BN LoAS ATX LR Ao HAl




®)] What is MALDI

Matrix-assisted laser desorption/ionization (MALDI) is a soft ionization
technique used in mass spectrometry, allowing the analysis of biomolecules
(biopolymers such as DNA, proteins, peptides and sugars) and large organic
molecules (such as polymers, dendrimers and other macromolecules), which
tend to be fragile and fragment when ionized by more conventional ionization
methods. It is similar in character to electrospray ionization in that both
techniques are relatively soft ways of obtaining large ions in the gas phase,
though MALDI produces many fewer multiply charged ions.

MALDI is a two step process. First, desorption is triggered by a UV laser
beam. Matrix material heavily absorbs UV laser light, leading to the ablation of
upper layer (~micron) of the matrix material. The hot plume produced during
ablation contains many species: neutral and ionized matrix molecules,
protonated and deprotonated matrix molecules, matrix clusters and
nanodroplets. Second, the analyte molecules are ionized (more accurately
protonated or deprotonated) in the hot plume. Ablated species may

participate in the ionization of analyte, though the mechanism of MALDI is still
debated.




(®)] Matrix Properties

Torwards the mass analyzer

iox
©5 Protonizing  §
O§'De—protomzmg

Matrix crystal with
embedded analyte

Target plate

Matrix Properties*:

1) Mix well with analyte,
and separate
molecules of analyte.

2) No chemical reaction
and no adduct
formation with analyte

3) Absorbtion of UV

4) Desorption upon laser
irradiation

5) Support ionization

* Michael Karas, Doris Bachmann and Franz Hillenkamp; Anal. Chem. 1985, 57, 2935-2939.
* Ronald C. Bavis and Brian Chait; Rapid Com. In Mass Spectr. Vol.3, No. 7, 1989

* Michael Karas, Matthias Glickmann and Jurgen Schéfer; J. Mass Spectr. 35, 1-12, (2000)




L Laser

Sample plate

Variable Ground

Grid

+20 kV

Grid

v

. Sample (A) is mixed with

excess matrix (M) and
dried
on a MALDI plate.

. Laser flash ionizes matrix

molecules.

. Sample molecules are

ionized by proton transfer
from matrix:

MH* + A > M + AH*.




@] What is TOF MS

TOF MS is the abbreviation for Time of Flight Mass Spectrometry.

Charged ions of various sizes are generated on the sample slide, as shown in
the diagram. A potential difference VO between the sample slide and ground
attracts the ions in the direction shown in the diagram. The velocity of the
attracted ions v is determined by the law of conservation of energy. As the
potential difference VO is constant with respect to all ions, ions with smaller m/z
value (lighter ions) and more highly charged ions move faster through the drift
space until they reach the detector. Consequently, the time of ion flight differs
according to the mass-to-charge ratio (m/z) value of the ion. The method of
mass spectrometry that exploits this phenomenon is called Time of Flight Mass

Spectrometry.



(@] Linear TOF

time delayed transient | photo- Computer
diode Int/cts
< 4_m1 m2 m3
\j\ Laser ) tart | )
t/ns
Analog
signal
m3, v3 m2, v2 m1,vl | out
& ®— —> |
L I I Epo=Eiinn  Ein=1/2 mv2, ml<m2<m3 ——> v1>v2>v3

\ 4
\ 4

HV

Digitizer
|
Digital signal out
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(®)] Reflectron TOF

lon gridless design
source

<

\ SERRRRARN
Urefl

Reflector — R2
Detector )/:

|Sl ISZ

» The reflector or ion mirror compensates for the initial energy spread of ions of
the same mass coming from the ion source, and improves resolution.

* Increasing of resolution and signal-to noise by focusing the ions in time and
space!




(®)] Features of MALDI-TOF

» Soft ionization - analyze intact biomolecules and synthetic polymers
» Broad mass range - analyze a wide variety of biomolecules

e Simple mixtures are okay

» Relatively tolerant of buffers and salts

» Fast data acquisition

» Easy to use and maintain, no water or gas hook ups required

* High sensitivity, superior mass resolution and accuracy




(®)] Choice of Matrix

Important parameters

- correct mixture using suitable solvent, matrix and cationization agent

Matices
DHB

HCCA
Ferulic acid
IAA
Dithranol
DCTB

Hydrophilic
Polymers
/\ Polyethylene glycol
Polydimethylsiloxane

Polytetramethylene glycol
Polymethylmethacrylate

Polystyrene

\/ Polyisoprene

Hydrophobic




Matrix Guide to Sample Preparation

N 2,3,4-THAP
—[ mass < 6.5 kDa J)
2,4,6-THAP

[ oligonucleotides ]——

—{ 1kDa<mass<30kDa |——  3-HPA l
—{ mass < 5 kDa F—  Hcea ]

[ paptides!protelns]—— SA I
L mass>3kba 25DHB |
| sous ]

SA

polar
25DHB |
polymers
IAA
non-polar

DIT ]
25DHB |

[ carbohydrates }—

SDHB

e

* Please refer to the attached file(MatrixSelection.pdf) for details




MALDI-TOF Matrix in UCRF

Matrix Abbr. Formular CAS No. Solvent Compound
HO THF Peptides, Proteins
Ni : o Aceton Oligosaccharides
2,5 D'hyd“.’gybenzo'c DHB 490-79-9 | DMF Lipids
el OH Acetonitrile Synth.Polymers
MW = 154.12 OH Water Small. Org. molecules
\ THF
) e o DMF Peptides
¢ Cyano 4 hyd'ré)xy CCA / 28166-41-8 EtOH Proteins
Clurehne gl HO OH Acetonitrile Oligosaccharides
MW = 189.17 Water
a DMF
trans-3,5-dimethoxy-4- SA i:i EtOH )
o . . . .. . -59- L Prot
hydroxy-cinnamic acid (Sinapinic acid) N/ oH SHl-Ee Acetonitrile roteins
MW = 22421 y _ Water
HO
O, S A
3-Hydroxypicolinic acid 3HPA m 874-24-8 Acetonitrile |\ cjootides
\ / Water
MW = 139.11 e §
OH (@] OH
1,8,9-Trihydroxy- . THF
- Dithranol 1143-38-0 Chloroform Unpolar Synth. polymers
MW = 226.23
HN
HEEIrele-EEy it IAA ! 7 ° 530-59-6 THF Unpolar Synth. polymers
acid o Aceton P ynth. poly

MW = 187.19




@] The Preparation Method

Application Methods

\ 4 \ 4

Soluble polymers Insoluble polymers

A 4 A 4 A 4 \ 4 A 4

Dried droplet Spray Spin Solvent-free Solvent-free

Preferred application: fast and homogenous (flat)

- no separation

- high shot-to-shot reproducibility



Selection of the right MS-Operation method

Linear or Reflector / Positive or Negative

. Reflector mode is used in the mass range up to 7 kDa, where the

isotopes of the oligomers can be seen

. Sometimes it makes sense to use the reflector mode to obtain oligomeric

resolution also in the higher mass range

. Linear mode is used for masses above 7 kDa

. Normally polymers are observed as cation-attached species

. Anions are only observed in the case of present negative charges in the
polymer such as Poly(styrenesulfonate). In this case all cations have to be

exchanged against ammonium
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) BYELDE

Spot: tG12:l'.l | Geometry: 17 10

Carrier: | T_0209520_0021223_185

| (2]

®

Method: :_IHP_F'epHix_Zm 31223 par

'B] Sel&ct“.ll [#A Calibrate

4. @ SelectE =21 A2 method=
Reflectron / Positive
Reflectron / Negative
Linear / Positive

Linear / Negative

M EH

L—

=

ef LICY.



| AutcXecuie | Sampl Corier| Detecton | _ Puocesss : | | usoecute | Sanple Cater | Detection | Spectomete | Pocesing | Calbxaion | Setup | Status|
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