HBHA T AT 4 7 ADIEE

AHEMR (BENLGERAIFERT)




T 714

. BEnMElE
BOHTHEBIEENGEFLUD

2. 'ﬂ:Aq:%O)EIE/f
{EEYDERE ERE
ARROZH R

3. NARAARNJRIILVZHEHEET S
D50 AT—23Y

4. ARGRILDLDIEEHETE
HEEFE
T—3)V)—2R




F—E> 7k

» F—EVIRE = ZIEEYMIIADOFVY

NREVIHERE, REETHIE,

» BEDRYUVTILERE ., BEITHOTARIILERIE
O K RERIE—H4009 > T )L, 6 FLL EEZ8FRTE

VAR TIEISFLULEZRE, I0F&KF
(DAL T EFNHIGAE)

TH.EH0H-T?
BHTH=E, "M OBREFMLELND

= RPZAn - RE SR

BB

| P2E |
AR LS S

= T

s ATINT =

i 2 e KBy

: —

Pl ey TSR0

D )

N 5k 2w
Wl ¥\ T4 p——

HEES I\ O R HE S EEEH T HH S

 HAHELY



H

N

EE

w0 B
/\*ﬁ

HADOL

HAETRAARGRLELND,

A E A A MELTHIERNZRIEL . TDH%

BE

BFf8 CH,COOH MARYIKIL

Mo BEEZE|YE

,-"""’
19,
afﬁ; :u:':ul,a

@@

S FAA
G35° ;er}\ + Q ol

Sty BERT

100 —

30—

50—

40

Relative Ihtensity

20+

HaC”

Q 45
C m#z

[Zwww.chem-station.comd& Y
. +
w0 B 0 . (0 Q
H3C'C“O'H HSCf'C*D’H HSCP*C%"H ch(-,
MiTRD méz43
o & S
Co M
mfzda
ARARRIRERRS i%ii%%

O II! IIIIIIIII|IIII!IIIIIIIII!III
10 15 20 25 30 35 40 45 S0 S5 60 65 70 75

m,/ z

CH4'

miz 15



(24l T AR

Deﬂectit:m,_,

AFMEFEZDEN
El ... electron impact (ionization)

ESI ... electro-spray ionization

MALDI ... matrix assisted laser desorption

ionization
BEZHEILIFEDEND
Q.. WEHE

TOF ... RATHFfEI &Y
FT.. 7—)IZiHBE

) R AV DT AT (1912):
EEmGn, RALEHEZEDOHFZRELERILK T
(LT EF0EA)

TOBRBEIL B=ICHAITS

ﬁ_

Thrust or
Motion

Yﬂf’l@-—r

N

%*
A
/ ! QMS, TOF-MS, FTICR—MS\
AF IR > TR
El, ESI, MALDI v
AF &R

B =7 HTET (mass spectrometer)

—



https://www.youtube.com/watch?v=EzvQzImBuq8
https://www.youtube.com/watch?v=EzvQzImBuq8

WE DA A LAk

BEnMETORNEIEERKIZEZE
y AAAEIXE S F R

‘ =7 EFHLBL TS
» BAHEIX DS AT

Wik i B B LS Fundamentals of MS by Waters
» LOBREEENDHND (7 YouTube videos, 2018)

EI,Cl EF, EFA4F 21k
FEFZ OIS EFEE Mass Spectrometry
o (Royal Society of Chemistry 2008)
ESI ILYMARTL—
A RIESCRD
(VIRAF 1)


https://www.youtube.com/watch?v=9AWBAI-Owzk
https://www.youtube.com/watch?v=J-wao0O0_qM

rax b7 4 —IZK5HEN

y ARYATRT ST74—MS
BEERMYE. FEAKIE. E
HEIZKD/NNAT RIIDE
FEHEAEL., £BLTEHASNSAE—2IIE KZ500
ZDH>HRETETESHRKFMIE50M53001FE

y IR T 5 T4—MS
¥R 713HT L ESI
HS LBIERICES>THRRIZIZENDS
LeES T L, EHRlSN S E—21X 70V =1V1000~2000
ZDO6EE TEHRBEMIL50M53001FE
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W \E_A
BiogH B

~N

» R 12.0000, 7K3 1.0078, EE3 15.9949 ...

R AZEZEEL-FHE = (RFEF512.0107) TIEEL,
E/T7AVEVIBEFRATETHEITTER

B

» BEE = (unit mass) 7T RELCTYH...

EFfE CH,COOH 60.021 |
k% CH,N,O 60.0323
T14% SiO, 59.9667

» WEDEEDHETX/DARUTI~4HTETHMND
<5 ppm THIxMILZ LY



5l A4 (isotope)
y 12C 12.0000 98.93%
y 13C 13.0034 1.07%
» 12.0000 x 0.9893 + 13.0034 x 0.0107 = 12.0107
» TERBEARICEHDTLVSDIXZDE

» Bl: THY CH;-CH; HE=(X 12x2+1x6=30
f=t=L. 2/100 OH#EZET 3| 002 0001

ol _E_H 1/10000 D#ERT 32
L RBEBICHAILTHEVNDEEE—Y L }

30 31 32
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Atomic Weights and Isotopic Compositions for All Elements

Relative [sotopic Standard
[sotope Atomic Mass Composition Atomic Weight Notes
6 C 12 12.0000000(00) 0.98393(8) [12.0098, 12.0116]
13 13.003 354 835 07(23)) 0.0107(8)
14 14.003 241 9884(40)
7T N 14 14.003074 004 43020} ) 0.996 36(20) [14.006 43, 14.007 28]
15 15.000 108 898 38(64) | 0.003 64(20)
8 0 16 15994914 61957(17)) 0.99757(14) [15.999 03, 15.999 77]
17 16.999 131 756 50(69) ) 0.000 38(1)
18  17.099 159 612 846(76) | 0.002 05(14)
16 § 32 31972071 1744(14, 0.9490(24) [32.059, 32.075]
33 32.971 458 9098(15) 0.0075(2)
34 33.967 367 004(47) 0.0425(24)
36 35.947 080 71(20) 0.0001(1)
17 Cl 35 34.968852682(37) 0.7576(10) [35.446, 35.457] m
37 36.965 902 602(55) 0.2424(10)

B DONISTRTIE,
TEDEHE=L
XETHohnsd,


https://www.nist.gov/pml/atomic-weights-and-isotopic-compositions-relative-atomic-masses

Glucosinolate

L

4 775**4[:%**‘»61’&5&‘”@ d 5 oK’
y EFODHIVDOEvET B *}WJ
» BEDOHE, =T CH,KNO,S, |

» SDAFY C i H NOS,~ DAIFEIL

sinigrin
Sinigrin; LC-ESI-QTOF; MS

Ilazs Bpectrum

Be2E—7 358.03 (vaFzrAAY) roe3)
BCHORBIAE—S 359.03 (IxI0%) ...
USOREIGIAE—S  360.03 (2x4%) o=

2.0e+2

0.0- . il .
3&50.0 a60.0
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» EAFUFEDED

Jaky M+H M+1.0073
M+2H M/2+1.0073
2M+H 2M+1.0073

TR L M+Na M+22.9892
H)o L M+K  M+38.9632
TR M+NH4 M+18.0338
7+r=K))L M+ASN+H
M+42.0338
A2 /=)L M+CH3OH+H
M+33.0335

TOHMAEHELE

» BAFUEEDDLD

ErkJF M-H
M-2H
2M-H
M-H20O-H

g% M+C

BE M+Br

X  M+HCOO
BEfs M+CH3COO

ZTDMHAHBENHERGE

M-1.0073
M/2-1.0073
2M-1.0073
M-19.0184
M+34.9694
M+78.9189
M+44.9982
M+59.0139
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Glycine oH
MASS SPECTRUM zﬁf Mass: 75.06688

100~
i CH2NH?2
80—_
o 1
2 80
Q)
= 1
T 40—_
o
20- |
i H20 Parent ion
| COO C2H502N
0.0 ' T |II‘I 'I|‘|| ! I"'|I' T ] T | I T T
0.0 15 30 45 60 75 90
m/z

NIST Chemistry WebBook (http://webbook.nist.gov/chemistry)
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Glycine, N,N-bis(trimethylsilyl)-, trimethylsilyl ester?sf;

MASS SPECTRUM Mass: 291,150
100+
i CN+2TMS...174
807
> |
B 60
S - Si(CH,), ...73
= :
o 407
m -
20 2TMS... 147 CHNH2+3TFS...248
: CH3l..276
D.O_ | | | !|J | || |"]|| ‘Il L‘ | I| !|| | ||| I| | I'ul | | | | | | | | |-|h| |I
0.0 50 100 150 200 250 300

m/z
NIST Chemistry WebBook (http://webbook.nist.gov/chemistry)
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» BEHETET-IINMR

. BE7HMET (MS)
XEHIOTNTST74— A EDHETHIAL.
BIE CEHILEMEIIEA,

2. NMR
BEEETBML-EEYDRBEREICAVNSA, FHRIIKE
SMTLEHEE,
AlETESHILEMITIH T,



EREAY R QI V7 AR2DOHA4 Fo14 2
Z51Z TRIELI=1 (identify) ElFZE(FELN

Level 0 |Identified RIELT= NMRIZ&KY . ILRIEFEFET—E
Level | |dentified RIELT- Gl —H3s CRIEL-12EYE LR ER
= ARTEL-BIGLR D e E . D]
EE2OL EDEEREMN—I
Level 2 | Putatively HEL- BEARITMLOZDMDYIEILFR
annotated BFEOSCBENERE
Level 3| Putatively HSREELT- | B TR CELNARRI N LER
characterized FE1uL
(class)
Level 4 | Unknown FE0 REYDEEIIBHSHIH LB EOTE

FEMNHMSELY
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» HRZEFTOT —RLERA AT HE
HRNEAIXBRLES £ET —REFAXHBKRE KT
S AR RE (R —7 U DRERICLES)
REPZDOMEIT TSRV DHATRIK

M Arita “What can metabolomics learn from genomics and proteomics?”’ Curr
Opin Biotech 2009 20:610-5
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Polyketides Terpenoids

from acetyl C2 units from isoprene C5 units

» macrolides » terpenes /@JVL/L

> aromatics « oo > steroids

T T j o » carotenoids

“\.u,__ -

Phenolics o_or Alkaloids

. “‘:'—{.(_é.:' HO,  OH . .
from phenylalanine a**"“;ﬂ;‘_“ 7,  from amino acids

i OH g
: = o= : :

» flavonoids "N, 44,  » amino acid + others

» polyphenols 5~ "L

- ] .;;_{;,—n- =
=t = R
L8] } HO—, ) i A—OH
; _RH WO oHd R
HI  OH H a o
o=,
& o
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y B 100-1000 amu

» et

highly apolar <€

lipids carotenoids phenolics amino acids

fatty acids chlorophylls alcohols organic acids

waxes steroids amines

terpenes flavonoids nucleosides
alkaloids

» volatility, solubility

» pK, (acid dissociation constant) K, = [AT][H']/[HA]

> highly polar

sugars
phosphates
metals

salts



1,25(0H),D3 Progesterone Q Bile Acids ~ Triglycerides

Estradiol (E2) Testosterone  Cortisol ; Free Fatty Acids TC
Cllnlcal Chemlstry : : 5
MS-based Lipidomics | | . Cholest?in]rgl 1
: Cholestery! Esters : S D ] AT ] P ] m!g!} | ”m _ I
Triglycerides I|Il.]II'I][QI]Illﬁlll[llll'ﬂIfl'lllﬁ[!!;_aﬂs;lﬂlf___lflf_'lﬁ[u_'n'_:fff[_f 1
B : ~ Diglycerides A R A {1171 Y Im;;I | :
L= =N Free Fatty Acids 1555 [k :
'f&nﬁi%o)%ci Bile Acids I T ? i
: : e i
*ﬁk - Phosphatidylcholines (PCs) 11 T o A 1Y PEISIM.III ISUIm [T I
: f Phosphatidylethanolamines (PEs) (I N 1
(NIST O)mlﬂﬁjgﬁ E : Ether/plasmalogen-PEs : IIIPIGM!II Ii;IEu:iﬂim%f4 T :
SRM 19500)@‘“;\-&?) _ Ph?sp'hatlc.iylg!ycerolsg LI i mE o
: . Phosphatidylinositols (Pls) | [ || S A |
Phosphatidylserines N S| :
Lyso-PCs NI (TR TT A R TV R U |
Lyso-PEs N |
Lyso-Pls N I ' i
sphingomyelins B O 1 AT T A |
: Ceramides Crmmrmnt o :
: _ Monohexosylceramides NliE) | MM_‘ i
Burla etal. 2018 ) Lipid ~ Procvemmas 1|
R : Trihexosylceramides Q_MLSW I
€s. : - Sphingosine 1- phosphates | | [
_ Oxylipins MR 0 |||| T
ProstagEandms __1 3
Leukotrienes B| : _ : : : :
1 10 100 1 10 100 1 10 100 1 10

pmol/L nmol/L pumol/L mmol/L
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L AEEYMOT—ER—X
ACS SciFinder ($57000/year)
MRELFIATELEBEDT —HEN—X
PubChem (NIH), ChemSpider (RSC), HMDB (Canada) ...
2. ARYGRILDT—ER—R
NIST LibraryM B % (405 HIEE)
ZHNEHONOGETEHEAESNHE—IDDB
MassBank (Japan), GNPS (UC San Diego), RIKEN Prime 7% &
3. HERZFAIREICT 27RO T—2DRIMN)
NIH MetabolomicsWorkbench
EBI MetabolL.ights
DDBJ MetaboBank (I0R[ZR&Z—F)
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AR MV 6 DOREEHERE

MS-DIAL

890

in silico RT - MS/MS DB
(+MassBank/NIST DB) MS-FINDER

Retention time
Isotopic ions Precursor m/z

e °ce Experiment MS/MS spectrum
gl To identify this peak... Search '] HmDI,VIS/MS No :
e z | Formula finder
A ?‘3’50-
g' § 504.2871 C37H38N206
E Precursor window 3 ol : th * i Structure finder
g 3 e | Metabolite DBs + PubChem
s " Reference + Ranking
= . o MS/MS i in silico fragmenter
] 200 400 600 800 1000
o m/z Vs,
Y 86 8.8 9.0 9.2 Experlment MS/MS
Retention time (min) Yes C?
..,WW/M/\/\/U\ --,!I»\/.\,-,
Tsugawa et al. 2015 e =
Nat Methods Identification




N XN
. y
—" - N — N ~ —— - Y HO < ‘
N — O
77///0)777}/7 /3/ o_ N N’)
, . OH OH
adenosine [M+1]
C10H14N504 251.1
178.] a——  — »C10H11N404
C7H8N50 268.1 €10 ©
121.0 )
C6H5N20 331
109.0 C5H904\‘
C5H5N20 3¢ | CSH?&)I;.O
C5H6N5 119.0
/ C4H704 1030]
94.0 C4H703
C4H2N3 C2H8N3 85.0
67.0 l C4H502
%gthsCSHSNZ 730 + c4|—;L72)7'20
C3H702 C3H502 59.0 /
C3H70
70 ! 650
650 ¢ :
C3HN2 C3H50 710 v CaH50
610 C3H302
: 55.0 '
C2H50 43.0 C3rs céLs 39.0

C2H30



KBNS A F2 REE—7)

adenosine [M+1]"

C10H14N504
268.1

119.0
C4H704

characteristic fingerprints

73.04
RATNEEH TERELTHS PO seer
5T A DEFE, 57.0
ChEFRATENRITRLY, C3H50 710 ¥

C3H302

450 C3s0 41.0
C2H50 T 43.0, C3H5

C2H30
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HH: RRAARIRILHIMGEEZ T AL =LY
FENER: BEHE— L, EEDEE

» Network similarity (GNPS) gnps.ucsd.edu

» LDA (MS2LDA) ms2lda.org

» Kernel Method  (CSl:FingerID) csi-fingerid.org

» Rule-based (MS-FINDER) prime.psc.riken.jp



GNPS Molecular Networking

bioRxiv “Human volatilome”

- doi: https://d

® Biood serumistandards s O

® Biood seum ¢

® Mouse blood serum
Adipose tissue
Cerebrospinal fluid

3 Skin
Sputum

© Breath

© Urine

@ Fecalfood

@ Fecal

Q Cheese

O Beer

® Soi

@ Bacterial cultures

@ Building air

@ Plant (Arabidopsis)

@ Plant (Grape)

@© Plant (Peach)

@ Plant (Tomato)

@ Frog and frog skin

oi.org/10.1101/2020.01.

13.905091

35,5R.8aR)-3-Butyl-5-methyloctah
/ . =
3R.5R 8aR}-3-But sthyloctahydroindolizine

Iodw:dndollziné-yl)nmsn-zol]

9-{(5R.BR BaS)-8-Methyl

| VAR,

Z




LDA: topic modelling
» Latent Dirichlet allocation (Ida) (FBRAEEDREVIZEHETE

I H5=80DFE

A=

ER

(X&E:8E, BHE - HHE—)

b P AR E AT BEERICE ST

10%

5096

4096

P2 w27 %R ESCEA R

i 0.1%
. # | 0.1% .
feds & o1 > iER

Zf—w : - SRR
EET kS
L] 0.1%

A ol B = 51

: 0.3%
] 0.1%

b et S BB S N B R EN T E LN TES

https://haripo.com/articles/20 | 6/LDA-for-Pokemon-analysis/



T A 60 Kernel i (SVM

=

Boeckerfy

EEMZEEIEE
(T4 A=)k
DEREEEZ, BRD
EvraiHoNEIDNE
jj_*)l/ii-csj:ﬁfé-d—éo

' @

process each compound
from spectral library of
known references

spectral library

@ compute molecular properties from molecular structure

compute
fragmentation trees

for each molecular property,
train individual SVM using
multiple kernel learning

compute all-
against-all kernels

@

. . .
e a
e e i
. .
7, [ 1 B
SVM 1

[EEE EEEEEEE EEE  SEEEN]|

o " :

o

N
@/\r “NH,
phenelzine

@ MS/MS spectrum of
unknown compound

o |

® compute frag. tree

process each structure
from structure db with
query molecular formula

®

molecular structure
database
CHy  CHy e
Oy N N NN
WY e Y
OH [+
propylnitrosourea
NHp o
HgN’)\N/\)LOH

guanidinoproplonic acid

trimethyinitrosourea

""j‘f”m,\c“fm

creatine

. ; estim. Platt
@ compute one- @ use SVMs to predict fingerprint ® babiliti
against-all kernels probapbiiities: ¢
¥ o o 0811
PR S E—— ot 03017
POKR N — . oum
- o wia
ALGND N S = i 00399
ALGN HENNEN N D ~ °, ® 01217
ci DEECEC S E— o . 02351
CP2r S TN S SVM 1 i
CGly E— EE— 00971
CsC N C . 0.9981
FIPP 0.0767
5 . P
u N OB R - Soo00
0 ] 01077
NE T CE— 03166
n e paae
SC N CE— R
RlE S N R — 03117
LI g R ——
@ compute molecular properties
from molecular structure . sort structures
& s compare each fingerprint by score
= to predicted fingerprint
HaN OH - CSl:Fingerl
Buanidinopropionic acid L i .
ne
{1 difference to prediction) MW
NH 2. guanidinopropionic acid g
@ e L R wine
3. trimethyinitrosourea i :'?:’
(7 diff. to prediction) "CHy.

TR
trimethylnitrosourea

4. propyinitrosourea

propylnitrosourea
(8 diff. to prediction)

T

creatine 5 e

O
I

hase

scoring p
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Positive ion mode Negative ion mode
BEAHA % First bond cleavage
%Jﬂiﬂ'éf:&), S :|‘R2 R1 —xj~R2
BEMNDKE +on o L
tRETH, K Y ¥ Y
FDE %L, RuleP1 Rule P2 Rule N1 Rule N2~ Rule N3
FTTHEIZEDT IM-HI+ [M-+H]+ [M—Hl-  [M-3H- [M-2H]-
Bib, C.PS P,S,N, O C,P,SSN O CP s
Second and later bond cleavage
_|_ —
Tsugawa etal. Ri1 <|:X_] IM+aH]+ R1 {x_' IM—bH]-
2016 +H “H +H “H
Anal Chem ’/ \ ’/ \
Rule P3 Rule P4 Rule N4 Rule N5
[M+aH]+ [M+(a—2)H]+ [M—DbH]- [M—(b+2)H]-

C,P,SSNO CPSNO C,P,SNO CPSNO



Example (negative)

fiIiE b THRT HLEE,
O-SEEADSAIIL—ILIE . A -
OAaaOSRL—LE . 3 indoxyl sulfate (-) i
2H DEE: H2503 -2H a4 o /A -
H DEE: H2SO3 . H A on i °—=! b heterolysis m/z 81
-5
071 )
. \ )
\ PR, 9] | .
C{j} S sfi b’: homolysis m/z 80
RD
,79.9588 I
o8 Y pProson g0
R1 —X:I—RQ Z 5 g%
8T 50- . 80.9665 T
v ¢—2H A S5 H,0,S-H ~0Q
Rule N1 Rule N2 Rule N3 @ 0 . . a
[M-H]-  [M-3H]- [M-2H]- 80 100 120

C,P,S,NO C,P s m'z



R1—X:|—R2 AR

"o iod ©
4 ¢—2H " P DI
Rule N1 Rule N2 Rule N3 f e d

[M-HI-
C,P,S,N,0

[M-3H]-
C,P

Example (negative)

b 2'-deoxycytidine 5’-diphosphate (-)

b @
! OH OH
I i n | n

i i i
HOH=-P+0-+-P—0O
[ [ O

=

b <
C«-

‘Z

_5H Dt<

B

=
I
P

i

[M-2H]- - L
HO =
S e ——— L
| ]
T P L S * o
100 - E_;f? $:||: -:rmm =0 Eﬂ_m EG“’
mE 0a. ©0. 30, éﬁ% “?Bﬂ o%
= 0
— o ™ [} L i = o
5e 20 P T | 27 a0 WO [0
x 3 o - d c .b a
m {:I I.I.|r 1 : 1 |I 1 1 1 I
100 150 200 250 300 350

m/z

fIE b CRHNTBEE, C-NFESDOCHIIL—ILIE -2H

FIEHE -3H DAAUNELD

(LB ¢ THIWTBEE, O-PEADOPRIL—ILIE -H
97 HH OH K-> THEIZ -H LD T -5H (2155
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. HAT—H20E . HAT—H20E
FiiE, R—RT/ R H R—ZX3a—)L, HEBERE
2. TIAAVR . E—O%H . TrVUIIL EGTFHE
OIS LD EER aAVTA4TER. T/ T—F
3. AT IIRE. RE 3. HEEERR. RIE
FEETHERE FEETNRIIA/BEE

4. BRE, FYNIT—UFEN 4 WRE RYNT U
| ﬁﬁﬁ S —— :/X;AE%E o Fe,
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s
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