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1.1 bli%ﬂgiﬁs

5%

18864F Goldstein & I} IE FAf B F

18985 WienF| F R I 17 % IE A 1T &5 T ¥

19125 ThomsonffH| S5 F— & BuE{Y, NeEEZH LT

19175 HBREYVEIAKWLI (FHEN T FRIE)

19184 Arthur Dempster B %5 5 F1 E5 (Electron ionization) iz B2 £
19195 Francis Aston f5Z{XZR(MESOZ M E R, B —IKELER)

19344 Stephens ¥ S B #:17

FREM L E BB/ T Herzog F1 Hintenberger BB #4172 &

BFEFERA

A&

19405 fE/R(Alfred Nier, “father of modern mass spectrometry”)i& i+ H B2 B £ 7%

BLiE{Y (%3°U, 238U,Manhattan Project)
19024 $— A ML

19464 Stephens ¥{THY 8] FiiE (Time-of flight mass analysis)
19534 PaulfSteinwedel U1k #F 4> #7828 (Quadrupole analyzers)
19545 InghramAHaydenRiEHTandem R 4t, BIEEXHIFIE RA (MS/MS)

19554 Wiley & Mclarens K{TRja] By ;

19567 Gohlke and Mclafferty S AR & 1%- FiiE BEx FH (GC/MS)

Beynon 549 #¥E1E (Y (High-resolution MS)

Diagram of Wolfgang Paul's patent for a quadrupole mass
filter. Image adapted from US patent 2,939,952 A (1953).



19605 JE/R(Nier)iitHFFHIRK T —& /NN RLEFUE(L;
19655 HippleZE, =EFOlfetL#x(lon Cyclotron Resonance)
1966 Munson & Field{ % B8, B8 (Chemical ionization)
19675 McLafferty & Jennings, EREX[fiiE(Tandem mass spectrometry)
19734 Mclafferty JRAHEEIE-FRIEELA (LC/MS), FAREE 7774
19744 ComisarowFIMarshall {837 M- 25 #2585 {E £ R B 1S (FT-ICR-MS)
1979F fRIEHHLC/MSEAMAFI =M,
19814 BarberZ [R[EFZE 5 = FIZ(FAB MS) /\N53>—F 2000 A
19825 BEFRLC/MSEOHIN;
1984F FE—HFHEBMEBRIENESTE;
19894 John. B. Fenn HHIFEHE

Koichi Tanaka £ [Gidm B e L R FH S
19904 Katta & Chait A ZE A EFIEM R ERRERNET
1993F B FEERIEY
19955 {8 B M B [ fie R B X (S ESIFIMALDIEX F )
19984 /¥ K1THS 8] T3 {X (Delay Extract ReflectronFR)
20004F i L PLIE &1 BT 1 Alexander Makarov



Glacial landforms can be dated by mass spectrometry, using radioactive isotopes such as #C and 1°Be.
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@ Joseph J. Thomson (Z&, 1856-1940) HXtTS (AN EIEL
FISLRe I 53 1 B TRk T & IL L £ 3419061 DL/R YY)
g

@ Francis W. Aston (3£, 1877-1945) A & B IE A S T E H
RIBMMNREFHAL T BB IR1922F 15 IUR{ILER.

@ Hens G. Dohmelt (£, 1922- )#1 Wolfgang Paul (&, 1913-
1993), HE-FHAIN FA3K1989F 17 IU/RYJIE K,

@ John. B. Fenn ( £, 1917-)F1H & #f— (Koichi Tanaka,
1959-) LB T XA Ko FHITIRAI LI 2 HTHY
g 73 7A3K 2002 F 15 TR FER . (5ENMRTTENE)
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The Five Mass Spectrometry Nobel Prize Pioneers

Joseph John Thomson
1906 Nobel Prize for
Physics

"in recoguition of the great
merits of his thearetical
and experimental
investigations on the
conduction af electricity by
gases"

Francis William Aston
1922 Nobel Prize for
Chemistry

"Yor his discovery, by
means af his mass
speciragraph, of isotopes,
in @ large number of nown-
radicactive elements, and
Jfar kis enunciation af the
whole-number rule"

Wolfzang Paul

1989 Nobel Prize for
Physics

“Yor the development of the
ion frap techrigus"

John Bennet Fenn

2002 Nobel Prize for
Chemistry

"for the development af
saft desorption ionisation
methods (ESI) for mass
speciramatric analyses of
bivlegical macromolecules"

Koichi Tanaka

2002 Nobel Prize for
Chemistry

“Yor the development of saft
desorption ianisation
methads (MALD]) for mass
spectrametric analyses of
bivlogical macromelecules”
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I S SIES f:j deflected rays on a
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2 Reproduced with
% permission from Proc.
L. Thomson \jt \/ % E % Roy SOC. A 89, 1—20
: PR UREE 3 (1913), J.J. Thomson,
i— ‘Bakerian Lecture: rays

of positive electricity’.



Francis W. Astoni& it G (s



m

R RS FH AR —
(John. B. Fenn (Koichi Tanaka
1917) 1959)

i g
XTRR ER A K PRt TR
o F e R 17 HNEI KT
| |
J

FERYE HEFES
Kurt Withrich
1938
2

A ANMRIS AN E R
RREMIR T =4
EMR TR

FEYRSFHETERS S, ANEHEE




m— l it

| ""\.,‘_ |
FREMEBEZERIERA (ESI) FH F i — B BRI R IR B RS %
JRIE[E NIRIEE]

R T NEDNAFEARSSEY
K5 FRIZE ) o) 25




U

% 3

1.3 1Rl RENE—MHAESHEEFHREMFERE{LE

Electronics
lon Mass
sourc analyzer

Inl
Vacu

S|

etect

Data
system

{
Ll

Mass spectrum

BNRS, KERS. BTSRBEMBUERERSAEM



1.3.2 EE RS

m

PO E FRMRESISRTERFREST
WS, ED—RRTE 73

® FHARIFETFIRAIKT2;

o AIEMERFH/LTFREESSIEME;

o S|EFINEF—a RN, MERMFRD,
IBEIEHM




8/ . |
a. RIBUSREER%

Mr.& Ms. LC Emess
*Vacuum reduces the chance of an ion colliding with other gaseous
molecules or other ions.

*Higher the vacuum, greater the Mean Free Path.
«Lower the collision rate, greater the chance of detection.

«Introduce more ions than gas, but gas carries in the ions, therefore more
gas means more ions, but more gas also means lower the vacuum.

*Vacuum determines
Sensitivity
*Resolution
«Applied voltages

*Two Kinds of vacuum pumps are predominantly used in LC-MS
Mechanical or rough pump
Turbomolecular (Turbo) pump

*Vacuum problems, forget mass spectrometry !
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BTWHWREE

BHFZHEE Electron Impact lonization (El)

1= 1k Chemical lonization (Cl)

IZHE, 17#E0% Field lonization (FI), Field Desorption (FD)

REFZEd Fast Atom Bombardment (FAB)

HGHBE YT E Matrix-Assisted Laser Desorption

lonization (MALDI)

FFEE=E H B Electrospray lonization (ESI)

KEEHLZFEHE Atmospheric Pressure Chemical
lonization (APCI)
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Matrix-Assisted Laser Desorption lonization (MALDI)
MALDIA SRS A E LN L &Y H EHE ST
B
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® B HIAREB LIRS
EA B2 £ (single-focusing)
W EE £ (double-focusing)

J L

R

B HT32 (quardrupole mass

analyzer)

® =I-7PBH (ion trap)

® K{THYE i (time of flight, TOF)

® {E 7 HTHLFIE (Fourier transform mass
spectrometer) (FT ICR)

® FHEPIEPHEIE (Orbitrap)
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Time of Flight (TOF)

Developed 1n 1950’s
Popularised in 1980’s

Advantage: no upper mass limit
Disadvantage: poor resolution

R =2~5, 000
Time between 1on generation & detection
Approximately 107 seconds

Very fast electronics required
Very low maintenance

It 1s just an empty tube!
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Fourier Transform —Mass Spectrometer, FT-MS
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BB, (lon trap) , H
—XEIREZEERR (ring electrode)
A7 2 X i A2 A9 um =5 AR
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¢ ETHRAZEEETRXI, BT S5REREAER.
¢ YARZMETHE “KREH (LRETH)

“Penning[#t” .
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|
Orbital traps |
Kingdon (1923)
O =Alnr+2B

Proteomics. 2006 Sep;6 Suppl 2:16-21

‘5 - .‘,M-l Wit
Orbitrap

Knight-style Kingdon trap
~. (““ideal Kingdon trap”’)

1488 RRaRRRES RN RRR RS PR R RE RS

Mass Spectrometry Reviews, 2008, 27, 661— 699



http://images.google.ca/imgres?imgurl=http://kcfac.kilgore.cc.tx.us/mobleypageap1/images/mouse%20helmet%20trap.jpg&imgrefurl=http://www.visordown.com/forum/forummessages.asp?utn%3D315840%26dt%3D4%26srchdte%3D0%26v%3D5%26sp%3D&usg=__m1mwKsmqCzAGylJwQUvGhWC2RT0=&h=289&w=544&sz=17&hl=en&start=50&itbs=1&tbnid=2DK1pDPCNdZqgM:&tbnh=71&tbnw=133&prev=/images?q%3Dmouse%2Btrap%26gbv%3D2%26ndsp%3D20%26hl%3Den%26sa%3DN%26start%3D40
http://images.google.ca/imgres?imgurl=http://kcfac.kilgore.cc.tx.us/mobleypageap1/images/mouse%20helmet%20trap.jpg&imgrefurl=http://www.visordown.com/forum/forummessages.asp?utn%3D315840%26dt%3D4%26srchdte%3D0%26v%3D5%26sp%3D&usg=__m1mwKsmqCzAGylJwQUvGhWC2RT0=&h=289&w=544&sz=17&hl=en&start=50&itbs=1&tbnid=2DK1pDPCNdZqgM:&tbnh=71&tbnw=133&prev=/images?q%3Dmouse%2Btrap%26gbv%3D2%26ndsp%3D20%26hl%3Den%26sa%3DN%26start%3D40

Anal. Chem. 2000, 72, 1156-1162



« Only an axial frequency does
not depend on initial energy,
angle, and position of ions,
so it can be used for mass
analysis

« The axial oscillation
frequency follows the

formula
w=,——
m/z
W = oscillation frequency
k = instrumental const.
m/z = .... what we want!

A.A. Makarov, Anal. Chem. 2000, 72: 1156-1162. .
A.A. Makarov et al., Anal. Chem. 2006, 78: 2113-2120. Proteomics. 2006 Sep;6 Suppl 2:16-21


http://images.google.ca/imgres?imgurl=http://apod.nasa.gov/apod/image/9801/saturn_vg2.jpg&imgrefurl=http://apod.nasa.gov/apod/ap980118.html&usg=__XqKPgEKXu29z13aSD2SQsGs2RCw=&h=408&w=524&sz=19&hl=en&start=65&itbs=1&tbnid=hVUCLNxiXD0GJM:&tbnh=103&tbnw=132&prev=/images?q%3Dsaturn%2Bring%26gbv%3D2%26ndsp%3D20%26hl%3Den%26sa%3DN%26start%3D60
http://images.google.ca/imgres?imgurl=http://apod.nasa.gov/apod/image/9801/saturn_vg2.jpg&imgrefurl=http://apod.nasa.gov/apod/ap980118.html&usg=__XqKPgEKXu29z13aSD2SQsGs2RCw=&h=408&w=524&sz=19&hl=en&start=65&itbs=1&tbnid=hVUCLNxiXD0GJM:&tbnh=103&tbnw=132&prev=/images?q%3Dsaturn%2Bring%26gbv%3D2%26ndsp%3D20%26hl%3Den%26sa%3DN%26start%3D60
http://images.google.ca/imgres?imgurl=http://www.yantaimarket.com/BackAdmin/ProductImages/200691910333250197.jpg&imgrefurl=http://www.yantaimarket.com/cn/product/list.asp?page%3D7%26keyword%3D%26IndustryID%3D11%26catalogID%3D82&usg=__jcHrpE_oSdrcdN-Ylpqf5035gQw=&h=518&w=524&sz=68&hl=en&start=17&itbs=1&tbnid=_NuNdZib3GQ0UM:&tbnh=130&tbnw=132&prev=/images?q%3D%E9%92%9F%E6%91%86%26gbv%3D2%26hl%3Den
http://images.google.ca/imgres?imgurl=http://www.yantaimarket.com/BackAdmin/ProductImages/200691910333250197.jpg&imgrefurl=http://www.yantaimarket.com/cn/product/list.asp?page%3D7%26keyword%3D%26IndustryID%3D11%26catalogID%3D82&usg=__jcHrpE_oSdrcdN-Ylpqf5035gQw=&h=518&w=524&sz=68&hl=en&start=17&itbs=1&tbnid=_NuNdZib3GQ0UM:&tbnh=130&tbnw=132&prev=/images?q%3D%E9%92%9F%E6%91%86%26gbv%3D2%26hl%3Den

Proteomics. 2006 Sep;6 Suppl 2:16-21
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J. Mass Spectrom. 2005; 40: 430-443
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1.3.7 R EEIBIFR

O REVEE: AT K A L. X5 s 76
NETHIREER:; XZHEAET, RS T RENT
J& 2 T A UM DL B 3

@ R E (sensitivity)

HIEsRE ST B B RIRR; BRNHEE KRR E—
RAHRTE—EERIEKS TR TR RREMRE.

® 43 ¥EZ (resolution):

\=1



R EJ5Fl(Mass Range)

ZNEENE 2

AFEEXK:

VOt #F: 1~600Da, 1~4000Da,

B4R #E: 1~10000Da

KATE A L. C B FR

EFBEFRRE: 1~2000Da, 1~4000Da

S k431 1~300Da

SAEEEFRE: 1~600Da, 800Da
HHLRE: 1~2000Da

A¥)4rF: 1~10, 000Da, LA FI50/5 Da



5353 (resolution):

R= M/AM, MAT] 433k
I U B P38 SR

Ri00,= aM/bAM (SEf3)

AM ST 73 P 7 e

KIREZE: aNHEH
I DB by
T 5Y04L H V& B

WFFT-ICRETOF: R=M/AM MAFTMERRE; AM
R G FE BT DL R R



* Reported in parts per million (ppm)
5, 3 H
ﬁ%ﬂ%ﬁ(Resolutlon Power, RP) *How close is the mass measured by the MS in

ﬁ}FWi/I\QBj& E%u@ H‘Jﬁ% 7'7 . relation to the theoretically calculated mass?

% Pﬁﬁ‘*ﬁ@ﬂﬂéﬁﬁﬂé@fﬁﬁ?ﬂé%m Measured mass: 545.4200
10%(EJ25%, 50%)’ M%)‘ﬂ%ﬁ Actual mass: 545.3234
}FB‘JO rel. error: 0.4200-0.3234=0.0966

0.0966 +545 = 0.000177248 or 177 ppm

Therefore the mass accuracy of this
instrument is 177 ppm

m, m,
A AT B: #5541 IF CA 43t
5y HiE 5y PHEE S S E

R
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m m
Rp-—+_-—1
Am m2—m1
m
RP = —

0.8

0.6

0.4
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-
1000.0

(50 % Max. = FWHM)

10% Valley
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--------------------

1001.0 1002.0 1003.0

(1) my Am IR P> HH 4108 ) o7 B4

(2) mfRRE IR &, AmfUaRFig
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Bl : RN 288y =FP D SARLBISTRR S

£ 28, EE45F | #HAAT
(6{0) 28 27.994914
N, 28 28.006158
C,H, 28 28.031299
AR HE AR, tRP=200, MXf LA E=AN 0 FANGe 0 TF, IR — U

BT NIRAED), Wb FTH W R r#E/

CO/C,H,: (RP), =27.994914/(28.031299-27.994914) = 770
N,/C,H, : (RP), =28.006158/(28.031299-28.006158) = 1100
CO/N, : (RP),=27.994914/(28.006158-27.994914) = 2490
AR PR AR TT0N,  HEe K4 CO/CH, »

AL 285 HE Ik F 11008, BE4% 93 CO/C,H
YA HESIHE L 25000, = F 40 TFF
— AR A HU AR AE 200045 47 10000 LA B B 2 4 7%
FT-ICR-MS4# J1n[ik2H /i -

FIN,/C,H,
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SR, SRR, BB BRI
BTHIREN: SIS, SR ABARREN AT AR REES
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Htﬁﬁ 22 E*b liﬁ

A-P-N-D-F-N-L-K
(MH+ 918.5)
H+ . -
e X3 Y3 Z3 X3 Y32 T3 X V1 4 B-ions
72.0 A s P N=D=F=N—L—K
L] [l e \ 283.1 A-P-N D-F-N-L-K
HN=Q NGO NT-Or GG COOH 398.2  A-P-N-D F-N-L-K
H H|H HIH H|H 545.2 A-P-N-D-F N-L-K
I O O I O O O 659.3  A-P-N-D-F-N L-K
a; by ¢; ay by ¢; a; b; ¢ 772.4 A-P-N-D-F-N-L - K
I Illh |||LIL||||.LIII‘ " } I| “I | . ] | l 11 “ . ‘ . :li—i 'l;'I i “lé\ |
‘T‘T"N"D"F""L" ’
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HH == ; =
Samples Chromatograph (GC or LC) Mass Spectrometer (MS)
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B teaieha
-IJ-I—I—l
D ettt be

Sample Separation Identification
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Liver tumours’ odd metabolisms mightbe
their weak spot

People with a certain type of liver cancer die sooner if they have higher levels of
some metabolic proteins.

— "B R BT B R"

The way to beat liver tumours caused by a common virus might be to target their
peculiar metabolisms, according to a detailed analysis of the genes and proteins in

NatureE€XiFi€

- 03 OCTOBER 2019

such tumours.

hitps://www.nature.com/articles/d41586-019-02970-1
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inicgrated Proteome Resources PRIDE Archive - proteomics data repository
iProX is an integrated proteome resources center in China, which is built to accelerate the worldwide data sharing in proteomics. iProX is compesed of a data submission system and a fic PRIDE e is a centralized, standards comp
proteome database. The submission system is established under the guidance of the data-sharing policy made by ProteomeXchange consortium. Registered users can submit their 7
proteomic datasets to iProX in public or private modes. Once an associated manuscript has been published, a dataset becomes automatically public.

It is recommended to use the latest version of Firefox or Chrome browser.Please refer to the simple user manual for the new iProX.
As an official member of ProteomeXchange Consortium, iProX will assign ProteomeXchange identifiers (PXD) to datasets submitted to iProX.

The PRID

data, &

‘When using iProX, please cite the following reference:
Ma], ChenT, Wu s, Yang C, Bai M, Shu K, Li K, Zhang G, Jin Z, He F, Hermjakob H, Zhu Y. (2019) iProX: an integrated proteome resource. Nucleic Acids Res, 47, D1211-D1217.

Please refer to iProX data license and CNHPP data license (in Chinese).
Choose submission option below
B 5 -
roX Basic Statistics P s Pariel Submission
<o T
¢ ¢

The iProX database currently contains: The iProX datafiles currently contains:
ublic Projects] last week: 132 Datafiles (108.89G)
751 Public SubProjects) last month: 399 Datafiles (333.23G)

last year: 12920 Datafiles (9122.86G) e 2

https://www.ebi.ac.uk/pride]

Submit Data to iProX

arch"iv‘e/

i

rmation and uploading data files. iProX encourages and welcomes users to submit their proteome experiment raw data

iProx employs a web-based process of filling experimental infof

https://www.iprox.org/

owse data Melp Publications  About PRIDE Archive

Download Project Files
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o % % Ledipasvir:90mg, Sofosbuvir:400mg
H
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Ledipasvir Sofosbuvir
Chemical Formula: C4gHs4FoNgOg Chemical Formula: Cy,HogFN3OgP
Exact Mass: 888.41 Exact Mass: 529.16
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El 824 77 e igiEs R
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1E (sofosbuvir) BIME
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Ledipasvia) HINH 7=+
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[Brand name] Victoza Subcutaneous Injection 18 mg (changed from Victoza Injection 18

mg)
[Non-proprietary name| Liraglutide (Genetical Recombination)
[Applicant] Novo Nordisk Pharma Ltd.
[Date of application] July 14, 2008

[Dosage form/Strength] . o | *IJ j:jz %HK ZEE _ %\l:l:l A H% _-I%_

A solution for injection in a pre-filled pen. Each pre-filled pen (3 mL) contains

: . . L M\ 2
18.0 mg Liraglutide (Genetical Recombination). *}::‘g' % *i Ht —1 ( GLP—1 ) gl?
[Application classification] Prescription drug (1) Drug with a new active ingredient 1 \ % A *}::E }:. K
[Chemical structure] [')\ |ﬁ y i /A )T = 7]( ’ﬁ o

Molecular formula: C75H24sN4305

Molecular weight: 3751.20

Chemical name:
Modified polypeptide of 31 amino acid residues with a covalent linkage at the
y-position of N-palmitoylglutamic acid to the g-amino group of Lys. The polypeptide
is produced in a recombinant cell by expression of DNA encoding amino acid
residues at position 7-37 of human glucagon-like peptide-1 with substitution of Arg

for Lys at position 34
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pH is adjusted, _ buffer and - are added, and - are isolated
(Step 7, _], After - from Step 7 are dissolved in a buffer containing .
impurities are eluted (elution 1) with - exchange chromatograph and then liraglutide precursor
is obtained (elution 2) (Step 8, - exchange chromatography) which is further purified with
-chromatogmph (Step 9, - chromatography [.-HPLC']), pH of the eluate from Step 9
is adjusted to . to . and the process solution is cooled and the precipitate is isolated by
centrifugation (Step 10, precipitation). The liraglutide precursor from Step 10 is substituted on the
g-amino group of lysine in position 26 with _ palmitic acid under -
acylation conditions to give the target substance, liraglutide (Step 11, acylation). After further
purification with - exchange chromatograph (Step 12, - exchange chromatography) and

chromatograph (Step 13, lHPL(f). pH is adjus to - to . and the precipitate 1s
isolated by centrifugation (Step 14, precipitation). The precipitate from Step 14 is dissolved in
aqueous solution and the liraglutide solution is - at .°C to ."C under pH
about . for about . - and then freeze-dried (Step 15, freeze drying) to obtain the drug

substance. If the drug substance does not meet the specifications of total viable count and loss on

- by repeating Step . If it does not meet
- by repeating Step . and Step . and if the
acceptance criteria of the in-process control test at Step 10 (test method, RP-HPLC) are not met,

- by repeating steps I I, and .

drying and

For in-process control tests, infection of the remaining broth is set at Step 1, sterility and infection at
Step 2, pH. sterility, infection, phenotype, and structural context of expression plasmid at Step 3, pH at
Step 4 and Step 5, liraglutide precursor and impurities (rRt ‘) at Step 6, load and i
and
impurities (rRt ) and host cell proteins (HCP) at Step 10,

concentration during elution 1 at Step 8, retention volume of the main peak at Step 9,

concentration and pH at

Step 11, load and ) at Step 12, concentration in eluate,

at Step 13, hydrophilic impurities and Peak 4

-liraglutide and liraglutide) at Step 14 and pH, temperature, and

time at Step 15.
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