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Macc-cneKkTpomeTpusa:
COBpeMeHHbIle NPUMEeHEeHUA

C.B.AbpamosB

Nekuua 3 3 3



Macc-cnekTpomMmeTpus

e XUMUYECKUN aHanNu3
e CTPYKTYPHbIU aHanNu3
® U3O0TOMNHbLIN aHaANU3
® 3NIeMEeHTHbIX aHanNu3
¢ KOMOMHaUUKM C ApPYyrMMU MeToaaMMm



XUMUYECKUN N CTPYKTYPHbLIU aHanNus3

e buoxumusa
e [IlpoTeomMuka
e KnuHnyeckaa xmumus
e KocmeTtuka, napcgpromepus
e PapmaueBTUKa, LONUHIU, HAPKOTUKMK
e KoHTpOnNb oKpyxawLwen cpeabl
¢ [lnweBble NPOAYKTLI
e KpuMmuHanucrTuka
e HedpTenpoayKThl
e [Monumepsl



ONeMeHTHbIXN aHanNu3

e Apxeonorus
e [eoxumusn
e JKonorusa
e flaepHan 3HepreTuka
e MeauuuHa n TokCuKonorus
e PapmaueBTUKA, KOCMETUKA
e [lpoAyKTbl NUTaAHUA
e Metannyprusa
e [MlonynpoBoaHUKOBasA NPOMbILLNIEHHOCTb
e Hedptb M HehbTenpoAyKThI
e KpumunHanucrtuka



N30TONMHLIN aHaNu3

e flaepHan NPOMbILLNEHHOCTb
e CenbcKoe X03AUCTBO, NULLEBLIE NPOAYKTDI
e MeauuunHckaa aguarHOCTUKa, AOMNUHI-KOHTPOIb

e [eoxpoHonorusa (paguoyrnepoaHbIn MmeTon)
e [eonorua, rupponorua, paspadortka HedTH

e KOHTpONb OKpyXawLien cpeabl

e KnumaTtuyeckue nccnenoBaHus

e KpumuHanucrtuka



[locnenHue
NOCTUXEeHUSA



Go right to the source with your
intact sample for instant, exact

mass analysis.

The new DART™ ion source rev-
olutionizes mass spectrometry by
directly analyzing solids, liquids,
and gases in open air, under
ambient conditions. DART
unleashes the analyzing power
and versatility of the JEOL
AccuTOF™ mass spectrometer.
No LC. No GC. Just the sample
vou want to analyze. With

. wistantaneous results.

Visit our DART board at

v jeol.com/DART and see
what DART has already found
on currency, in dothing, food,
pils, plastics,
biclegical fluids,
paper, beverages,
and more. Or
contact us directly
at 978-535-5900 or
ms@jeol.com to

Asaln
Trethanalamine

Ritalin and Cocaine
on Currency learn more about

our innovative
mass spectrometry products and
the JEOL commitment to
reliability, service, and support.



13C ypea3HbI AblXaTeNbHbIA TECT

(AawarHocTuKa A3BbI Xenyaka u Apyrux saboneesaHuiu, Bbi3biBaeMbix H. Pylori)

Helicobacter Pylori n eé ypea3sa (3H3UM)
CO(NH,), + 2H,O ®

®H,0 + CO,1 +
2NH,

pH = 1.5-2 (NH, ® NH,CI)

1) Bbigox CO, (aTanoH)

2) PactBop 50 mr **CO(NH,), per os

3) Oxupanue: 30 MUHYT

4) MoBTOpHLIN BbIgox CO,

5) W3mepeHue oTHoLweHus 13C/12C
U CpaBHEHMUE C 3TaNIOHOM

“3onoTton ctaHAapT AUMarHOCTUKN”
HeMHBa3uUBHbIN 3Kcrnpecc-meton Ha 6asze GC/MS
3NEeKTPOHHAA UOHU3ALUA, U3OTOMNHbLIW aHanNu3
13C/*2C no curnanam CO,*" (m/z = 45 n 44)

AnbTepHaTmMBbI:
(1) Buoncus
(2) AHTuTENna


http://upload.wikimedia.org/wikipedia/commons/d/d2/Helicobacter_Pylori_Urease.png
http://sdoctor.ru/images/xelico.jpg

[ eHOTUNUpPOBaHUE
MO TOYHbLIM
Maccam




CHWTIbI (SNP- single nucleotide polymorphism)

[TonnumMopdunam nosaBnseTcd, Koraa otTaenbHbI
HyKIeoTua, Hanpumep A,
3aMeHsaeT oguH u3 Tpex apyrmx-C, G, nunmn T.
AAGGTTAto ATGGTTA
Ecnu Takasa 3ameHa npouncxoaut doree 4yem B 1
npoueHTe cnyyaes, T0 3to CHWI, ecnu meHbLUe, TO

%:Eﬁ) MyTaLus. ; !

Genearal

population General T
24% population

F5.9%

Single nucleotide
polymorphism Mutation
{SHP)

L 0.1%




Bcero CHWUIoB B Hawen [IHK 6onee 3x MUnnnoHoB.
Mbl umMeeM 1 3amMeHy Ha Kaxable 1,200 - 1,500 ocHOBaHMW.

Tak Kak Tornbko 3 - 5 NpouUeHTOB BCEU MOCNeNoBaTENIbHOCTH
Hawen OHK kogunpyet 6enkn, 6onbwmnHcteo CHNIMNoB
Haxo4ATCA BHe KOAMPYIOLLMX rnocrenoBaTeribHOCTEWN.

CHWI bl BHYTPU 3TUX nocnegoBaTesibHOCTEN Ype3BbiHYanuHO
BaXXHbl, TAK KaK OHU CBSA3aHbl C FEeHETUYECKOU

npeapacnorioKeHHOCTbIo K 3ab60neBaHNAM-

" nepcoHucpmumpoBaHHaa meguumuHa ".



Kak otimunt TAGGCTCAAGGTTA ot TAGGCTCATGGTTA??

I'enepupyeM “xommiumenTapHyr’ Kk TAGGCTCA nocinenoBarelbHOCTD
ATCCGAGT (mpaiimep) u cuumBaeM ee ¢ Hamret JIHK
ATCCGAGT M1
TAGGCTCAAGGTTA

ATCCGAGT
TAGGCTCATGGTTA

[IpoBOIMM OJIMH 1Iar HAPAIMBAHUS HUTEU U TOJy4YaEM

ATCCGAGTT M2
TAGGCTCAAGGTTA

ATCCGAGTA M3
TAGGCTCATGGTTA

Pa3priBaeM HENH U aHATU3UPYEM Ha MacC-CIIEKTPOMETPE



ATCCGAGTT

ATCCGAGT

ATCCGAGTA

M1 M2M3



Macc-cneKkTpsl IpOayKTOB
pEaKIMK HapalMBaHUs

. nparimepoB PHK

renaruta-C pa3HOTro rEeHOTUIIA

EFE
B
o

=

A) macc-CreKTp
npanmepa
B) I'enornn 1a

C) I'enotun 1b
= o D) I'enornn 2a

i l | E L E) I'enoTun 3a
e il LL._IE:JM.I.'.._J ¥ Sl |~
, — u — : - - - - - : F) reHOTI/IH 4
C : F

RS LATOAPEN040  doil0 1128000 43,6 28102815, 3005
Caperight 0 20075 Amerizan Secisby far Microbialagy. Al Right s Fasarved.

Matrix-Assisted Laser Desorption lonization-Time of Flight
(Mass Spectrometry) for Hepatitis C Virus Genotyping

sdtoass Elena N. Ilina,'* Maja V. Malakhova,' Edward V. Generozov,! Eugene N. Nikolaev
and Vadim M. Govorun'~




The Ibis Approach to Pathogen ID
and Strain-Typing

identification:
Variable DNAsequences flanked by
conserved sequences

Identify genomic regions for

-~ e A

., v v v v
Conserved DNA Variable DNA Conserved DNA

A4 Measure nucleic acid:
% ¥ ESI-TOF (Bruker MicrOTOF)

l T 1 - " 5 | Electron

| |
3 L e 4 [Mutiplier
|

Sl Amplify nucleic acids to
2 measure:

Use broad-range, unbiased PCR
primers

AAAAA

AAAAA

— \/\/ — * calibram

s Identify the organisms:
4 Base-composition
fingerprints




F'f|Masses to Base Composition

Pnﬂy = 2.500 g

Nickel = 3.950 g
Dime=2.268g
Quarter =5.670 g

“400> |

L [ T |

313.0576 amu
329.0526 amu
289.0464 amu
304.0461 amu

800 900 1000 1100 1200 1300
mlz

Mass spectrum

__ Weight = 4.6 grams
\_, . 2 dimes

MW = 32,588.90 amu
. A28 G29 C25 T24

Requires 25 ppm
mass measurementerror

Math takes into account
Watson-Crick base pairing



Derived and Expected Base Compositions
Primer 356 (RplIB) Expected Products

Identify the organisms: g4 ht0c0ccus

Streptococcus
Base-composition fingerprints pyogenes A

pneumoniae

304 29 /30 34
31 \ / ag
Streptocgccus . » 37
equi =
37 Staphylococcus 36
36 epidermidis
Streptococcus R 39
gordonii 35 2
A 34
o4 Staphylococcus i
- )
\ aureus 30 C
Bacillus
G 28
29 anthracis
A34 G31 C29(T27)

30 31



|:I On Demand Event

File View Ewvent Connection AudiofMideo Record Help

ﬂﬂ_{ﬁi{q Moderator is sharing

an application

Broad Range Priming in Bacteria

Primers bind to conserved

regions present in ALL
l (or groups of) bacteria I

> =
Pinet g A R G e
E. coli ACGCCGTARACGATGTCGACTTGGAGETTCTGAC -CTTEA-GA0CTGGCTIC00GAGC TAACGCGTTAAGTCRAC
Cox. burnei G ACGCCGTCAACGATGAGAACTAGC TG TIGGGAAG- - TTCA-CTTCTTAGTAGOGAAGC TAACGCGTTAAGTTCTC
Leg. pneumophila ACGCTCTAAACGATGTCAACTAGCTGTTGETTAT - ATGAAAA TAATTAGTGR0GCAGCAAACGCGATANGTTGAC E
Ricket. prowazekii ACGCCGTARACGATGAGTGCTAGATATCGRAGG--ATTCT=CTTTC0G T TIOGCAGC TACGCATTARGLACTC B
Mycb. tuberculosis ACGOCGTARACGETGO6TACTACGTCTEOETTTOCTICCTIO06ATC0CTE006TAGCTARCGCATTANGTACCE
Trep. palidum ACACAGTARACGATGTACACTAGGTGTTGRRGC - - ATGA-- GTCTOG60GC0GACO0GRACGCATTAAGTGTAC B o
Bacillus anthracis ACGCCOTARACGATGAGTGCTANGTGTTAGAGGG- TTTO0GCCCTTTAGTGC TGAAGTTAACGCATTANGLACTC
Staph. aureus ACGCCOTARACGATGAGTGCTANGTC T TAGGG03- TTIC0G0CCCTTAGTGCTGCAGCTAACGCATTANGCACTC A
Staph. epidermidis ACGCCGTARACGATGAGTGCTANG T TAGGGEG- T CGCCCCTTAGTGCTGCAGC TAACGCATTAAGCACTC A
Strep. agalactiae ACGCCGTARACGATGAGTGCTAGG T TAGSCCC - T ICCaRGGCTTAGTCC0RCAGC TAACGCATTAAGCACTC A
Sirep. mutans ACGCCGTARACGATGAGTGOTAGG TG T TAGGCC - TTTCCGR06CTTAGTGC0GRAGC TANCGCARTAAGCACTC A
Strep. pneumoniae ACGCTGTARACGATGAGTGCTAGGTETTAGACCC - TTTCCGR60TTTACTCC0RTAGC TAACGCATTAAGCACTC A
Strep. pyogenes ACGCCGTARACGATGAGTGCTAGGTTTAGRCCC- TTTCCO06CTTAGTGC0GAGCTAACGCATTRAGCACTE A

Region varies in different

kinds of bacteria ==> A [AwaCyTZ]

< | T
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[I On Demand Event

File View Ewvent Connection AudiofVideo Record Help
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Enlarge

Unknown brucella

4]

ESI-TOF

ESI-

MS Analysis and Signal Processing

Spectral Signal

or —>
FTICR

Signal Processing Base Compositions Map
Masses to Base Compositions to Microbes
- Organism Mass ase Count
E. coli 18234.970 ApsGyC 1 Ty—
5. milleri 17948.926 A G CiaTye
M. leprae

Hofstadler et al. Int. J. Mass Spectrom., (2005), 242 (1), 23-41
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Viral Coverage




anIHLI,I/Iﬂ reHoTunmmpoBaHusda nNo TOYHbIM MaCCaM

el
WA+XT+yG+2C=MW1 T
- 019 NepBon uenm )
XA+WT+2G+yC=MW2

- ANa BTOPOWU Lenu

Q

- E c
Mucleotide

) [A28 G29 C25 T24]

32,785.0 Da AWG C T, A28 G29 C25T24
32,588.9 Da A24 G25C29T28



IedeKkT macchbl

Mass Defect (Da)

0.02

0.01 -

-0.01

-0.02

-0.03

-0.04

C 2, Atomic |

14 13¢ 14y Mass Defects
\ | /™ (Al Different)

12
C

8 160

Mass Defect =

— Atom Mass — Nearest Integer

- Every C.H,,N,O,S; mass 31p//

IS unique! 325 34g

01 234 5678 9101112131415 161718 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Mass (Dalton)



FT-ICR macc-cnektp npoaykroB lNLUP anuiHoun 111 nap ocHoBaHum

]

1

‘ ‘”\h Il

804.40143

800

905.32324

2=38;
887.10901
z=39
864.88123
z=40
843.76215
z=41
.62494
=42

M1 M2

T

910M5416

mm

it

935.11493

‘ h\ ‘1

uh\m D I\M‘M““M |

M2

MZ2+Na

M2+K

Z:3’|7/'

955.64648
2=36

983.06519
z=35

988.69281
z=35

101833026

”H M'ml i hm”ul‘l” L \M HM | H\

T T

1000 1050




FT-ICR macc-cnektp npoaykroB lNLUP anuHHoun 111 nap ocHoBaHum
3apagoBoe coctoaHue -37

OHK nonnmepasa
[OBEeLUMBaAET aeHNH Ha A30 G26 C20 T35 +pA

KOHEL| KaXaon us uenen,  A35 G20 C26 T30 +pA
OfHaKo 3TOT npoLecc f

npouncxoauT He co 100%
9(bhEKTUBHOCTLIO. 920.80948

935.11493

929.73706
: 935.65515

930.38544

A35 G20 C26 T30

931.00665
A30 G26 C20 T35 936.22223

921.38397
921.92487 931 43933
931.76392 936.46606

926.59967
922.51898 925.42609

922.92340

921 922 923 924 925 926 927 928 929 930 931 932 933 934 935 936 937 938 939
m/z



OnpepeneHue HyKneoTugHoro cocrasa ana npoaykros MNUP
anuHon 111 nap ocHoBaHuw

WA+XG+yC+zT=MW1=34441.8 [1a

- Ong nepsou Luenu

{1}
ZA+y G+xC+w T=MW?2=34620.2 Oa

- Ang BTOpOW Lenu

u3 cuctemol {1} Haxoanm: w =35, x=20, y=26, z=30.
Takum obpa3om, coctaB JHK oka3zancsa: A35 T30 G20 C26 ana ogHoun uenun AHK
n A30 T35 G26 C20 gna ppyromn.



NWaeHTUPUKaLMA
OakKkTepuu no
benkoBomy
npodunio




Robust protein identification: on probe digestion

Traditional technique: 24 hours Mass spectrometry: <5 minutes
Cells grown on Amp enriched LB-agar
. ® Mod F oof pegtid
00 " 51::94 Il:Iell?l‘lLlI'm!g;I o :-ag
" i 17835
L]
8o 11434 LD L
o]
o
1388 1mu,¢h.,;“_“ﬁw 1885 i
E. coli + plasmids —_— -
- . @S E PE
(Amp-resistant) e 12194 ® Host £ ool peptide
* *  denbified
1) LELTE 171e
W : ] & 1M3E
gag 10T E‘ﬁ]ﬁ T4H 5 1o 74807
i N
20
[u]

1200 180k i R0 anli ]
Bl 55 ha g e



TpnncmnHonuns
Trypsinolyses

Metoa 1 — MeToa oTnevyaTKoB
nanbues

Method 1- PMF-peptide mass

Finger

protein

| b

CF. - [

Maccbl nenTMaos -

Peptide masses I -
ba3a AaHHbIX NO D
H””! .

nocnepoBaTe/IbHOCTAM R o
I PR LN Rt
Nouck B base R P P T P
Search in data base
DNA and protein sequences  oyeuka gocrosepHoctn \

data base Reliability evaluation e



aHanus macc PParMeHTaums

JH3UM 1(MS1) (Fragmentation)

(enzyme) ) et B
5 -y - i‘_"&?ﬁ'
iy WE YleR
N30anpoBaHHbIN
= nenTua 1' dHa/In3
Benok (protein) - | '\(nl\a;ICSCZ)Z
MeTop, 2 — (MC/MC) aBoiiHas - et
Mmacc-cneKTpomeTpua
Method 2 MS/MS double MS | W
- Maccbl pparmeHTOoB
D NMentupos (peptide
> mm! ~ Fragment masses)
basa AaHHbIX No r : =TT
NMocnepoBatenbHoCTAM | I—I NouckK B 6aze B——
AHK n 6enkos —— Search in the data base \
(DNA and protein sequence ™ OLueHKa AOCTOBEPHOCTH I :

database) (Evaluation of search reliability) — =—-—




S dparmeHTayumsa

Fragmentation wr iy
. 4 ' Gt
TpaHCNOPTUPOBKA B BaKyym Bl G,
Transport into vacuum
aHanus
6enok E MaCC
- Mass
o™ i analyses
MeTtog, 3 — (Top-down) Tavial > S
npAamas
Macc-CneKTpomeTpus _ r g
ba3a gaHHbIX No (tOp- - Macchbl
nocnenaoBate/sibHOCTAM (I)paI'MEHTOB
AOHK n 6enkos T
ad 11 Fragment masses

t - e

rﬁ b A

JocTtoBepHOCTH

(DNA and protein sequence database)S€arch religbility“ ' :
evatuation—* ~  ———



Two forms of acyl-CoA binding protein produced from a single-
subject leukocyte pellet

600 1000 pLGATG:ccETIGAAﬁ:GCTTACAT
b
! WWWWW
9916.96 Da 9948.90 Da 11000.70 Da
M

l l L] l 1 I
9900 IRMPD MS/M 1000 m/z
28 Matching Fragment ions, 10E-25 Expect value 23 Matching Fragment ions, 10E-23 Expect value

M heo=9917.02 M ey = 9916.96, 6 ppm mass error M, = 9948.89 M _ = =9948.90, 9 ppm mass error

p
%QAEFEKAAEEURHﬂI%TI@gS DEEMLE I YGH SQAEFEKAAEEVRHLRTKPSDEEMLFI YGH
YKQATVGDINTERPGMLDFTGKAKWDAWNE YKQATVIGDINTERPGMLDE TGKAKWDAWNE
@RGTSKE@@HH@Y INWEQLK@MGI LKGTSKEDAMKAY INKVEELKKKYG I

11 more ions matching than other allele 10 more ions matching than other allele



IlepBuunHas cTpykrypa

1 20
NH3 Y K ETAAAKFERQHMDSSTSAASSSNY

= =0

WAQVDALSEHVEFTHNYFPRCOCREDKTLNRESK M

58 C
SQRNVACKNGOTHNCYQSYSTMSITDCRETGS

S5 HO
COO —vSADFHYPYYPNGECAVIIHKNAQTTKY ACNP YK
124

IIepBrUYHaAs CTPYKTypa — MacC-CIIEKTpOMETpHUs(Cceryac IouTH
100%!!1)

BTopuyHas u TpeTu4dHasd -

PenrrenoBckas qudpakmous (95%),
SIMP(5%)



ToyHad maccoBas MeTKa
Accurate mass tag

Ecnu macca nentnga yHukanbHa B JaHHOM NPOTEOME, OHa MOXET
ObITb UCNOSIb30BAHA Kak ero uaeHTUMukaTop N naeHTndnKaTop
nopoxaatowiero ero 6enka.

[Tpn TO4YHOCTK 1 ppM MOXHO O4HO3HAYHO onpeaennTb
anemeHTHbIN cocTas (H,C,N,O,S) nentuga ¢ maccoun Ao
600 JanbToOH N aMUHOKUCIIOTHBLIN COCTaB Nentuaa ¢ Maccou
no 500 JanbToH

If peptide mass is unique in given proteom it could be used as peptide
ID and as ID of parent protein

At mass acuracy of 1 ppm we can find elemental composition of
peptides with mass up to 600 Da and amino acid composition of
peptides with masses up to 500 Da

M = 750.468 + 0.001 Da: Tonbko Leu3Phe2Val.



Xpomatorpadma — TOUHOe BpemMsa yaepKaHua
Chromatography- accurate retention time

rE F
] “"t:
N30anpoBaHHbIN
nenTtua

Tem

TouyHbI aHANU3 Mmacc-
MaccoBaa meTKa
Accurate mass analyses

MeTtoa 4 — TO4YHaA
MmaccoBafa MmeTKa

Method 4 — accurate = 4
mass tag retention time =d TouHble maccbl
nenTnaos
= [N .
HIFIIIt m——
I N D e
NMowuck B 6a3se el epmsiriot
ba3a AaHHbIX NO \
MocnepoBaTenbHOCTAM OueHKa pocToBepHOCTH -k

AHK u 6enkos naeHTMduKauum S




OvyeHb OONbLLWIME
MacCcChbl




Gas-Phase Structural Biology

Voltage

Measuring & lnterpretmg
Collision Cross Sections




Measuring Accurate Collision Cross Sections

nanoESl T-Wave High-m/z Trap RFDrift Transfer
Source lon Guide Quadrupole T-Wave  Tube

3 |
| |
| |
- =}
m |
= |
3 |
—a [ |
(= | = |

N

Reflectron TOF

Matt Bush,® Zoe Hall,? Kevin Giles,® John Hoyes,? Carol Robinson?® ,Brandon Ruotolo®
University of Oxford, "Waters, “University of Michigan
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Building a Diverse Database
| | | | |
Gr{}EL':mﬂ:l.

O buffered proteins & complexes

vV denatured proteins
o denatured peptides

glutamate dehydrogenase COOCCD

oyruvate kinasecDEEEDserUm amyloid P
(10mer)

i~
£
=
¢ 100
@
- =

serum amyloid F
(5mer) H“Eﬂ:m alcohol dehydrogenase

- CCOD concanavalin A
avidin . .
bovine serum albumin

l

2000 4000 6000 BO0O 10000
miz




Interpreting Collision Cross Sections

spherical
coarse-grained

representation
bottom

model courtesy of Argyris Politis (Oxford)



Polyhedral Coarse-Grain Models

Matt Bush,® Andy Baldwin,? Justin Benesch,® & Carol Robinson®
W niversity of Oxford, University of Toronto




Imaging



History of MALDI Mass Spectrometric Imaging

hMucus Glioma Amyloid 3 PC/DA

E

i

!

i
LAMMAZDOD
% NimMag

98 99 00 01 02 03 04 05 06 O7 08 09

Micromass

WB/Drug

FPeptides

Ink Deposits  Skin

Metabolites

Vanderbilt U MNovartis Molecular Scanner




Rat Testis: MALDI Imaging and H&E
Staining from the Same Section

Blood vessel

3457 Da

2455 Da 6263 Da

2390 |

Image Resolution: 20 um



Ablation resolution:

mouse liver section
single laser shot vs 50 shots

#. 1'-: ! "
?Single shots




Metal-assited SIMS on Neuroblastoma cells

895 m/z

848 m/z 895 m/z




Metal-assisted SIMS on Neuroblastoma cells

overlay .,

|clentification
Using MS/MS

B0O00
ai=1"ra

G000

Infensity a.u.

4000

2000+
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Finnigan XR: ICP MS covering 12 Orders of Magnitude

IE+13 -
It :"l =1 Faraday ‘,.v""
IF+11

\.F+ 10 2
1.F +08 -~
LE + 08 Analog (SEM| .~

| E+07

£ +08 Cosmting |SEM i

LE - smting |SEMI| o

1E + 04 //
1E+03

| E+
:i: _; ‘; 90 ms sample time for Anelog & Fareday |

{ Concaniration

L B EUTE RO

Intenzity (cpz)

Detection range of the combination Faraday and SEM detector system in the

Finnigan ELEMENT XR. The plot shows the intensities from the measurement of single
element 175Lu solutions with concentrations between 2 fg/g and 2000 pg/g (10 ms
sample time for Analog and Faraday).



LA-ICP-MS: INSTRUMENTAL

Electrostatic
analyzer

Single ion

detection LA system (Nd:YAG): NewWwave 266

Magnetic
analyzer

hn- 266 nm

%ﬁ : Interface
ICP-SFMS ,, ELEMENT* k onsouee holder

Thermo Fisher Scientific % & |

ADVANTAGES of
Laser Ablation Inductively Coupled Plasma MS

@ direct imaging of tissues

© imaging of protein spots in gels

@ easy quantification possibility

ICP-QMS, Agilent 7500 ce © no matrix required, no charging effects

(with octopole reaction cell) J.S. Becker, Inorganic Mass Spectrometry (Wiley, 2007)




Thickness: 20 pm

i Paancl mmﬂA N

m/z

hy

Data acquisition

< ]

Scanning of tissue by
focused laser beam

Quantification using matrix
matched laboratory standards . 36000

Quantitative images of metals J

24000 |
18000
12000 | R?=0.999

6000

lon intensity (cps

0 5 10 15 20 25
Cu concentration (ug g-1)




Images In Rat Brain TISSUES with small tumor)

Scanned regiol

cerebrum

- -
—

Deposited Cu, Zn and
Pb standard

size, cm mr
size, cm

size, cm

25
- I _
0 1




Parkinson‘s Disease Mouse Brain
DOMPTP * - neurotoxin that causes
Parkinson's disease by killing certain

neurons in the suigra (*
) Iron

Concentration

Substantia nigra

max

A. Matusch et al., Philipps University of
Marburg
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Rapid evaporative ionization mass
spectrometry (REIMS)

* Analogous with
Thermospray lonization

— Flament-off mode

o [R-Laser Desorption
lonization is a particular
implementation

Thermal energy

) * Factors
'l - o — Dielectric constant of
- ’ solvent
_ ° : : o — Dissociation constant of
. :. : ] L ] y analyte
P : ° ® — Rate of evaporation
- ° ,'.__ v !



REIMS - Electrosurgery

\enihur 2ir jet pump caplllary T&n: mm‘_!r
; 53 e : 885.50
100 o by Y A
. L i Ale=——j
] — W
90 7 i p=1.5 Torr W
- 3 p=1.5=10-= Tarr
80 Tefion tuting
70
8
@ 60 3
B eq
<%0 3 699.50
= 3
& 40 3 749.33
L -~
30 & ! 906.00
- .. Counter electrode
20 o 928,42
= 419.25 -
= 514.33 667.30 962.33
10 -
= 279.25 323.25 439.17 642.50
J115.08 33 581.25 ]
D — i T S PP W AT )
100 200 300 400 500 500 700 800 900

L TO Neaative ion mode miz



REIMS spectra of vital tissues — identification

Intensity [%]
100

%

* Specftrdl similarity
iIndex was defined as
cosine of two data
vectors given by:

B

i
Z AV
i=1

cosd ==

jmom
PRR A
VT 'S

640 660 680 70O 720 740 .l'z?ﬁﬂ 780 800 B20 840
m

LCC) Deca Negative ion mode




REIMS spectra of vital tissues — identification
Principal Component Ananlysis (PCA)

1.004

050

0an-

050

20 PCA

1 Alweolar Iung tissue

_ Liver parenchyma

\\f <\

Myc-cﬂrdlum
) Testls
yd

Spleen red pulp

-\/’/ Adenocarcinoma
&. I
=7

T L L L T L L L T L L L T
A0 oo 20 a0

Rat adenocarcinoma grafi
in 2 m old male Wistar rats
Surgery

— Ketamine/Xylazine
anesthesia

Spectra were collected from
all fissues

— ERBOTOM ICC 300

— LCQ Decaq, - ion mode
Spectra were processed

— Centroid conversion

— Elimination of conservative

regions

PCA analysis was performed
n 120 D data vectors
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PaguoyrnepogHbin meton (14C/12C)

KOCMUYECKOE MaNYYEHHE I

NPOM3BOAWNT HERTPOHLI. n
OHu CTANKWBAKITCA a '. ;
14
C atomamu N, > ,..f e 14N
%
obpaayn paguonyknugs C, (- ]
a e “C

'\

1400 . P

¢ noctynaet B atMocdepy
B BMAE YIMEKWCNOro raaa,

W TaM NOAASPKWBABTER NOMTI O/ \. -

i e D

NOCTOAHHARA KOHLUEHTpauma "C.

“C NPOHWKAET B OKEaH W Ha CYLLY,
HAKAMNWBASTCA B TKAHAX PACTEHUA

W MHUBOTHRX W, BCTYNARA B XWMWYECKHE
peakumy, obpasyer kapboHaTHee
COEAMHEHUA (PAKOBUHE M MUHEDRANK ).

YMmeplwWe opraivamel He Hakannweat "C,
Copepxawmiica 8 Hux *C nogeepraeTcs S

PAAMOAKTUEHOMY PACcNany ¥ BHOBL M F‘;@;

npespawasTea B 14N, - e

Mamepenue koHuenTpawn C s ofpasue
H CPABHEHWE C 8ro UCKOOHBIM COAEPKAHMEM
NO3BONAET BRMWCNMTE BOAPACT.

Willard Frank Libby

HobGeneBckasa npemus
no xumum (1960)


http://nobelprize.org/nobel_prizes/chemistry/laureates/1960/libby.html

PagunoaktuBHbin 14C B atmocdepe

Della 14-C permmill

Combined data from tree-ring (Stulver et al) and direct atmospheric measurements in the Southern IHemisphere

{(Vogel et al)

14N"

4 CH

14C

ITeT)
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- apchewn

1/2 -
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20040
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PagunoaktuBHbin 14C B atmocdepe

iy 1 4C l:o-"nn:l

Tsar bomba
1100
1000

900

600

700

600

500

400 Bikint

300

200

100

0 -
1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1850 1994
Years AD
Atmospheric *C at different latitudes. Error bars are too small to be shown
m Fruholmen, Moreay 71906, Z3°55°E, (1962-1993)Mydal & Lowseth, 1956) =M'Djamena, Chad 12708, 15°%7 E, (1966-1976)(Nydal & Lovseth, 1996)
s Yermunt, Austia 47N, 10°E, (1959-1983)(Levin et al |, 1994) 4 Debre Zeit, Ethiopia 8°40°N, 35"8'E, (1963-1969)(Mydal & Lovseth, 199
o Schauinsland, Germany 48°W, 8°E, (1976-1997)(Levin & Kromer., 1997) Fianarantsoa, Madagascar 21775, 47 05'E, (1964-1978)(Mydal & Lovs:
#|zana, Canary |slands 287220, 16730%WY, (1963-19671(Mydal & Lovseth, 1996) Pretaria, South Africa 2675, 28°E (1950-1994)ogel, pers. comm.)
Wellington, New Zealand 41*18°3, 174°48°E (1954-1993)(Manning & Melhuish, 1954) Cape Grim, Australia 40°41°5, 144°41°E (1994-1998)(Levin et al., 1996)

Suva, Fiji, 18.1°3, 178.4°E, (1958-1575)(Manning et al., 1950) Scott Base, Antartica, 77.9°3, 166.7°E, (1961-1976)(Manning et al., 159



UccnepoBaHue HedpTu ¢ nomouwbio FT-ICR macc-cnektpomeTpuu

-Kamyamckasi Hegpmb *‘HedTb B pacTtBope 30% Tonyon,
o

(KanbOepa eynkana Y30H Mucmumym 1070 MeTaHon

gyJsikaHos102uu u celicmosnioauu PAH) *UccnenoBaHa camas nerkas

«Cubupckasi He¢pmb (BepxHAA) dopakumus

(BHU FHA MIIP) *KoHueHTpauusa 1 mg/ml




Cunbupckasa HedpTb (NONOXNTENbHbIE UOHDI)
Full FT R(400)=100000 More than 200 peaks in 1 Da range!!

0244254
CobuCeNo=502 44257

|

NN
o

prrlin

el e
ifithi
LLLid

|

[EEN
hi
L

|

[
i
1

157

|

[EEN
N
il

|

0253583
CorHaleM=502.49288

LUNLINL Iy I e s s ey B e I e B B B |
G02.30 502.32 502.34 502.36 502.38 502.40 502.4%502.44 502,46 502.48 502.50 502.52 502.54 502.56
m

O P N W d» 0O O N © FSOelatou/e ébuﬁ)dam(ge

fet o bvve brver e b b e beeve b b b b g |

(RN AR AR A A R A AR A AR AR AR

200 300 400

A L R R T R A L L R L L R A R R R R RN RN RARR AR RN RN RARY
600 700 800 900 1000 1100 1200
m/z



KamuyaTtckas HecdbTb (OTpULaTenbHbIe NOHDI)

Full FT R(400)=100000 +10,N,

665.64325
C41 Hez O3 N3 =665.64290

100 0.53166 ppm
95
90
85

80

75

+110,

665.62286
665.60474 Cua6 Hs1 O2 =665.62311

Cas He1 3251 = 665.60535 ~ ~0-36824 ppm
-0.92408 ppm *

70
+11S,
65
© 60
- 55
a
< 50
)
245
<

-3N,S

665.66083
Ch2 Hs7 N3 32S1 = 665.66152

-1.04559 ppm

&40
35
10,,N5

665.48212 Ca3 H7s O2 N3 =665.58538

C33 He7 O10 N3 = 665.48210 0.28638 ppm

0.02885 ppm 70 N S
-1UsNg
-270N,S -35N, g5 5422

665.42474 665.49542 Ca4 H7s Os Ns 32S1 = 665.54834

Ca2 Hs7 O1 Na 3251 = 665.42476 o Hea N1 = 665.49550 -0.19028 ppm

-0.02634 ppm <0.12108 ppm

\‘\\\\‘\\\\\\\\\‘\\\‘

665.45

30
25
20
15
10
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KamyaTtckasa HedpTb (oTpULaTenbHbIe UOHDI)

CocTtaB Hedptn 06bI4HO BbipaxaeTtcs chopmynomn:

C. H,.., X , FAe Z — YUucno xapakrepusyrolilee yrnesogopoabl
(kaxxpasa 21 Has cBA3b YMEHbLUAEeT Z Ha 2)

Hanpumep C,,H N 6yaeT umetb o603HavyeHue -15N

100 o

665.64325

677.64307

Ca41 He3z O3 N3 =665.64290
0.53166 ppm

C42 Hez O3 N3 =677.64290
0.25204 ppm

95
90

85

2.01562 Da (H2 rpynna 0.05 ppm Ha m/z 600 )

80
75

14.0154 Da (CH2 rpynna 0.4 ppm Ha m/z 600)

< 675.62750 >

C42 Hs1 O3 N3 =675.62725
671.63275 0.38024 ppm

Ca3 Hs1 O2 N3 =671.63233
0.62618 ppm 303N3

70

668.60492
C3s H7s O4 N5 =668.60483

0.12915 ppm _502N2

678.64655
666.64667

-20N,S -710,N;

673.61188
C42H79 O3 N3 =673.61160

0.41860 ppm Z:OONZS
676.63098

-90;N; -40}N, -5Q,N,

664.63116

Z=00N,S

-20N,S
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th | I nJ\J I

0 f\A\\HT\\Hl \\\\T”\\\A\ﬂ\\\\\ATN\\\\\\\j—ri\\\\\\\\T\\UHNK\M\\\\\\\\T\\\\\\\\M\TA\\\\MNN\\F\\
664 665 666 667 668 669 670 671 672 673 674 675 676 677 678 679
m/z




1.0 4

HIC

Ouarpammbl Ban KpeBeneHa Auarpamma KeHapuka

Macca CH, = 14

2.0 1 0.38 - o e 18
; o AN
0:384 AEIENT LW 0 4
- el O g SSALATVMSVAP T 8 o 5
AN o e AN L et ol SMBATRLNYY . g
k. 5 N RN // o 0.32 APWBIR Y A0 :
Vme e —  ————re ,"._'/I,' i %n.au_ ﬂﬁgﬁlgﬁ'%‘aj .. E
S s e T
R 5 0284 sovEper sy |
o 1 o
L N Boa]  SSEmmMMSSE
s N ool “wyanacamsy
: A T =] - __"
sl AN S oz -ASSBNESSIENRERTT NO
AN E N o ) - “‘“’.?W-.m_
J : o - L2l lm . -
£ Hz r hw . g mmm;‘&ulﬁ.::l"
e Rl [RPPRRIR kR
——— 0.1 6 +—————————————
0.0 0.5 1.0 200 300 400 500 600 700 80O

o/C Nominal Kendrick mass



Kendrick Mass Defect

Kamchatka oil Siberian crude oil
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Kendrick Mass Defect

Kamchatka oil

503 SO, SO Siberian crude oil
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Radiocarbon determination (F14C)

1.8

1.6

1.4

“TETH-39391 R F14C(1.4312,0.004) |
| 95.4% probability
/\ 1962 (8.8%) 1963calAD
| ' 1972 (86.6%) 1974calAD
|
I|
l‘
f w
:ul ; | ST N TR N

1965 1970 1975

Calibrated date (calAD)




UTO AenaTtb, ecnu
Bbl CTONKHYNUCL C
MacC-CNeKTpom?



[Mpexpe 4yeM MHTepnpeTupoBaThb
He3HaKOMbIN MacC-CneKkTp, ooA3aTenbHO
y3HauTe Memod UoHuU3ayuu, Nnpyu NOMoLLu
KOTOPOro OH ObIN NONy4YeH, a Takxke
U3yvynTe U BU3yarnusnpyute usomornHoe
pacnpedesnieHue 4actuy (MOHOB)
npeAanonaraeMmoro cocraBsa aons
obneryeHmMa Ux Noucka cpeau
“yacTokona’



Ucnonb3oBaHHbIe UCTOYHUKU MHOpMaL UK

http://www.vmso.ru/datadocs/Ponkin.pdf
http://loza.tomsk.ru/projects/turin/htm/science/methodRCA.htm
http://hbar.phys.msu.ru/gorm/dating/wally-1.htm
http://www.textronica.com/
http://www.chem.agilent.com
http://www.leco.com
http://www.thermoscientific.com

J.H.Gross Mass Spectrometry, Springer, 2004
Matepuansl E.H.Hnkonaesa

Matepunansl A.B.KenmaHa

NHTepHeT



http://www.vmso.ru/datadocs/Ponkin.pdf
http://loza.tomsk.ru/projects/turin/htm/science/methodRCA.htm
http://hbar.phys.msu.ru/gorm/dating/wally-1.htm
http://www.textronica.com/
http://www.chem.agilent.com/
http://www.leco.com/
http://www.thermoscientific.com/

Cnacubo 3a BHUMaHue!



