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Analysis by Mass Spectrometry
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With the development of proteomics and precision medicine, it is increasingly using protein
targets for disease diagnosis and prediction. Two often-in-use methods are electrophoresis, which
is time-consuming and with lower accuracy, and conjugation of antigen and antibody, which
can identify specific proteins, yet, is a bit expensive for each detection. Alternatively, a mass
spectrometer (MS) can provide the information of mass to charge ratio (m/z), such that recent MS
techniques have been accordingly applied in clinical, microbes, food safety, and drug development.
Here, we will introduce a MS method for the detection of large, and intact biological molecules.
Over the variety of mass spectrometers, we will discuss all its instrumentation via the motion of
in-trap charged particles. Usually, it is not easy to ionize the intact protein, for its large mass and
complicated structure. Thus, protein research indirectly uses enzyme digestion to cut protein into
peptide pieces for traditional MS analysis. Here, for the direct detection of intact proteins, the
method of matrix-assisted laser desorption ionization (MALDI) is tactically arranged nearby the
inside of the ion trap. Together with one innovative charge detector, phase-modulated spectrometry
can be introduced for intact molecular ion analysis.
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peptides (500 — 3,000 Da)

MS pattern . . . I I .

Mapping Connect to database

1. Most mass spectrometers focus on the small molecules (less than 3,000 Da)
2. Commercial MS have limited sensitivity for masses above 20,000 Da.
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Small molecule R&D ESI Triple quadrupole, ion trap, Q—Tof, FT-MS
Small molecule DMPK ESI Triple quadrupole (MRM)

Protein pharmaceutical R&D ESI, MALDI  Ion trap, FT-MS, MALDI-TOF, Q-Tof

Protein pharmaceutical DMPK ESI Triple quadrupole, ion trap
Proteomics/biomarker discovery ESI Ion trap, Q-Tof, FT-MS

Proteomics/biomarker validation ESI Triple quadrupole, FT-MS

Tissue imaging MALDI MALDI-TOF, MALDI-ion trap, MALDI-FT-MS
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a: extraction rate, b(t): permeation rate, c(t): remnants 0: the onset of extraction
y(0): the initial amount of surface proteins to: the onset of permeability
z(t): the amount of extracted proteins t4: the onset of membrane rupture
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case 1: sample & matrix are miscible
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B (e} Binary phase diagram

case 2: sample & matrix are partially miscible ...
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B P SR AT -

TR R ENEORRE - fE5 & " Sl B EE | IR EERE S » — R
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.04 - cOnjunction modulation; Eemr: nonlinear/gas damping/ion-ion interaction; breset dispersion; ¢,

& cy;: preset for the off-set.

1. Nonlinear : lDDIT«f’rﬂ”*%%%#ﬁ%ﬁ?lﬁﬁﬁbT%“ﬁﬁi
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3. Ton-ion interaction : BN BT Z M EBEFRTER T -
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5. Dispersion : A
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BB (1) -

Front-End CSPD
_ Q/V-conv. + I-comp.
Viest (1) |: 5 (o _..A Vs .
Iest() V'L R = C5 V_B1 R, =10 GO
Rs ki1 (1) Co=1pF
R2 =10 KQ
Cq4: GND-coupled R5 =30 KQ
capacitor
(as coupling A e ~20 ms
node ...) r~1us

Vg1 : the voltage at charge-p|=at9 (~ GND, by JFET-diff.)
Vz: the voltage after Q/NV-conv., before I-comp.
V, : the voltage output after I-comp.

V+, V- the DC-powers, heavily filtered (simple rectifier relation)
Viest : the voltage at the test input of front-end . R5+R2 _ A
V,ef: the reference for JFET-differential —B1(OR R7 Va* RoCoVa

10 AR A R ER U R AIELTE FEEH— NLATR TR — ML IT FR

The test scheme:

T Viest '::

100% 1p Vg1 = constant

|,/B1 ~Charge plate

[rF~20ms
_Lzg~1us

. — Orange trace: Viggt, test input

i — Green trace: V,, 1st-stage output

Interface  Function Osculo-
to CSPD  generator scope
[Charge test mode] ' [Current test mode]
Square wave 1 Vpp@10 Hz Sawtooth wave 5 Vpp@10 Hz
5us 1V/ 5V/ i 50ms/
! 2 WA NP N 2 N N AT
W= ; 1 AmVm | g | b | L
20mV/ | ; f \L /" R\ \[ Va
= i R \-.J \\.."
TRH i 50 mV/ 7 \
better resolution ! [/ G
| 9 | 9
e Charging bump ! Charging-to-the-plateau !
K-Va(t)=K-Va(0)-e RoCo with discharging tail ~ where
e (= = _tt 100K
X nit-t)-Fee 4{“"@"2“”’2.(“”2}2{(&ik,).{m Ro%}no}-& K= 30K+10K’
° ,=10G, Co=1p

11 AR BB R A ERAIR ~ TR EHMAR aXofé’J/!?fr AKX e BRI ARZ
VAR EIFe B By R B T  RTIRA S B AT AR T ALK -
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(5) BIBRIRIREETE
IR T E HE A - ERE G & B B S AVRE I T AR - (o iR A 2 Sl

BN - BRI R BOR B T YRR

i B AE - EAHBEIMERAGE P ER - AR AR IRHE IR AL
7= BERE AT E A -

i FHEARERE © (LA AP RSB R 25 koA s(CE R RE BN LA - PRkE
ARl B R AR

iii. JERFEM : ROm G (TR ZIAbER Sy - Dl—REREDAN (P10 S 1m) AURTR
P~ SR F R EARIA - 202 - /N - BRI R AN - SR T B]
o TR MRS A R EA -

PR T AR E o SR ] A ERE KRR T - S E S R e O
LUR R R e A e HL g R M E RS E TR & -

iv. STENFRESE A RIBERE S A E T BN ET (BT RRE) SR FREFRERER - DURAIET R 5K
H & RS RUE (S FLVA47 7 » Poisson distribution) 8¢/2 [ 7 Tl X E (=853 76) ©
v. SHENFRE SRR R T REER R — » BEJGRME - R IR - BEEE R
T Al =B RO 2 BRI -

5. KAFEREFIEFME - LUEREEXEER RG]

B E R - TR - AR SR BN E 285 - DIRRE - RiCEER
Y] ZFE RS T RIEGHEBEEEE (protein marker) 2 B KIZHET (protein ladder) 5B 5
HE - FHRAEELEHEENEDE - HEEE R TEMRET (kDa) ik  (FBEEKER
o OEENENE - AEEDETEENS TENANSEA S - EREREELZ
ZEEEEOMNRAGEA - EANENRE LBIR & F - T8 A ERHEE & - (FBIkKE
T~ 5B EREE AN R LA BB R B T K EE &)

B B B R E AL DAFUK R - FII I ERERCER SR (1% TFA / ACN) #E{TERER(E
o MR EHE ST (protein aggregation) ~ & FHE $E5R 8 (protein misfolding) (& H
'H % (protein denaturation) ° PRIVEEEEHIZFF + 7 HINRE —EIEEREE (SA / acetone)
ETRG B BT EEHRE SRR E KT - AR T E AR - R E
REE AR R A S+ - HEEEREE 2 HIEE - sewE SRR R EEE
e (IR 111 e

Bl R 2IRHE I E RS (AMS-200, AcroMass Tech. Inc) ZETEH o AERE
ff AR ET b AR T AEALERE] ) RIFERE RS B HEERNE AT - DIHOBER - DU
(B AL b T8 - (EAEE IRIE ~ 7 B (1] 12) - AGEFTREEE (5 k— 180 kDa) AYHfE T
BB

SRS IS - EiFe DErTEREGE - MR~ TR - KR — bR - gLIZEER
BHEEGE ~ BEETHY T A RMERIRE AR 310 - IR ETEBE R E - W/ NE R B a8 iR E
T ERERRERHC %R > SHENHEREENERSE - DIy BREETSERN - F

ZEGH - ST EEREEERE -
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Nozzle 3 QIT CSPD User (PC)

C
= j MS-platform (RT-FPGA) 3
\ t?ﬂ :lS'gnaIl Ei
! S}/ Data acquisition ‘ B
I
/3

W\ N |
\\\ L/ :
N s f |Real-t|me embedded system |
i ’13 ﬁ\ I in Trap
/ W [E Phase-controlled MALDI - CSPD
/6/ ”\\g\x\ waveform synthesizer §5 3
1 |
( & 1'1, {r ‘ ml lHV amp‘ lHV amp|
- = —=main =

Peripheral

t
VT\ Pk /\Vt'COS(IQdX) control — ar
| %f N \ELaser Charge-sensing,
U Pumps,  phase-modulated
[ " ] VL aw] | C2U9S " in trap MAIDI IT-MS

L Relays ...

12. InTrap MALDI Mass Spectrometer, AcroMass Tech. Inc. °

EHEKEELES R - RENWEARSY)  HE-2EEERFNIELER - A
8K 2 B AR T R R R TE BBV YEET o 0E— RS SR - R
EHEREYRA > HE—-2EEEERRHER AL ABEUNFSEE - (SRR Z
R MEA D T SRV NVE R RS - (HRE EE AT (] 13) -

EOEEXRERELRE (ZEERFH)

Intensity
= N N
[6)] o [¢)]
T T T

N
o
T

[6)]
T

o
T

20000 40000 60000 80000 100000 120000 140000 160000 180000
Mass size (m/z)

13. AR EETHEZERHAERIZESAFT T E2RT I AETEELEITFTN - B TLF
#EE % SkDa £ 180 kDa » FI R %5 H & 238 & X BATIFH 30 £ EITEHF - K3
FEE B B A SkDa £ 10 kDa M3t > fo e KH 2 B Bl &% 8 3800358 -

HRE RS BRI S EE R TE TN T | (5 S
B » AT EBF R R (B 14) - & EREEOIEL - WRATRE - AR - 1
SHEHBERERI . + A2 BRI  ACH $EI0 SR R T8 2 P
FE -
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E0EEXRERSERE (DRIFE)

30[

Intensity

20000 40000 60000 80000 100000 120000 140000 160000 180000
Mass size (m/z)

14. AR TR SER B RAZERAFH 235 N ETH 20 BITH - % E 347
#5E % SkDa £ 180 kDa » AR 4 B ATH 77 X AHRETER 30 Eo9dihh - BRIKF
HEAZFHHZX > MIVEZRERXEBSENFH EA2HM HEMARBTHF LN - HLF
H & £ 14 (difference of mass value) 4L % 3g/m - A A S EIFR T X » THEZEGH ERiFER
EHBRARAT @ 2ZREHRGEZR -

EMHE R A FE B R A E B R o R B - BRI T B A E R £R -
BRI - (KB BB ENE SRR - HFAHEE AR (EAERAER G - £
AR E W BB R EARE R S - AR REE R W B IS AR 1R R -

It - SRIGEE IR AR AGETT B 3T - e S E E W R i S sl SR
ERDIIFIE - 5 ARIGEEE AR AAGET R - BIERERMRE S PEK D
Afi - ATLAFHRE R e A5 E S ERAVE W B - FERC S ERATRRE] - MR E B - 2GR
T E TR T B

HETEL TR - EHHRAE DRI B PR BN REE R i - E R E R R R
HERIKERELIEHE K DB R - U N RPEE R EAR - DUEBNAR (0.1% TFA/ACN) &
FREFTEH - S0 S H s s r e R et (8 15) -

+=A
— " iiAAM

FEFHE TR MEREATEEER ) B TAGCERTIE RN ) AR AET - FERCRAR R AR
(LB - 1R AOS SRR DU R R e m] DA i~ BRATRET) « BRA BB S EIRE
HoHreREHBEER - EHERIKEELELRETRD - 15 ER 7AiM e
EH THEER - RAGRHHE DT RPIIRE A BETETUER - DUl ERE =
B EHIEER R -
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(b) MATLAB
QIT explorer display
Power raised = 1 Power raised =7
(a) 30 S25APLNIIRIKRSNIm2E00 5 S25APLIVIITRIKAIKIM2 630
175 25| e : }wl
2 : |
-130 35 - |
-90 222 2z 3 & IIIL
70 X 25 L 825 ' ‘
—) o4 -~ |
60 € = =P 2y |
50 - 10 15 | !
IE .1 a ‘n l ‘JI
40 5 f " .
05 ! l' A') ',J‘ .!' el
%5 86 67 83 69 90 91 92 93 94 95 B5 86 87 86 89 90 91 92 93 94 95 : ‘
Mass size (m/z) x102 Mass size (m/z) x102
-30 30 S23APLHMISIACIEMIS0T 5 S23APLGHMISIIGIGMII0T )
B 45 - |
c t -
§ > f l!’
-20 -E > 20 | N ~3
= 2 Z
o 515 1 525 b l l
o = =) 2 “ I}
_15 »n .
p 10+ 1 «
"“‘i" _10 2 1.5 . ” ’i[
o 5 1 - . i '! I ||‘|| Iy
05 ‘; I ‘ ‘ o g
%5 86 67 83 89 90 91 92 93 94 95 B5 86 67 88 89 90 91 92 93 94 95 Rl
Mass size (m/z) x102 Mass size (m/z) x102
15. A A %%F’%’Tj '%n ‘@/7]( \%ﬁ‘fé‘kﬂ}]}‘%\ﬁj 1% & Gtk ik’ﬁ—’g 'JT‘/\*)T (a) ﬂ‘l‘%é ﬁ,E? %/7](
1R AT B IR AR 0 GANEE o B R R B KN 0945 A o AF 90 kDa 4 B B &5

A% AR RE S B A28 90 kDa Ko ﬁ-kﬁ"ﬁg 67\79? b eI LREEGE
TR Mk & A A S TR RS B R HER A BB o #E T A

R a1
BRI S HHE S A E A 2 182 B3 J% r?ﬁiké“‘}?%é’ﬁfi,“iﬂ—m,‘lﬁiﬁ,44@JL
Mo T o
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