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Keberadaan komponen non halal pada makanan dan
bahan obat?

* Motivasi ekonomi: RpRpRp
* Penggantian atau penambahan daging dengan daging lain dalam rangka
menurunkan biaya produksi dan mendapatkan untuk lebih banyak

* Harga daging babi << daging sapi

* Ketidakcukupan suplai bahan yang halal
e Gelatin yang dari material halal ???

* Apa konsekwensinya?
e Terjadi pelanggaran hukun (pemalsuan)
e Keselamatan dan keamanan konsumen (alergi dll)
* Masalah etika, budaya dan agama
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Metode analisis halal

* Two-dimensional polyacrylamide gel electrophoresis and western-
blot analysis

* PCR dan Real-Time PCR
* Enzyme-linked immunosorbent assay (ELISA)

Beberapa kekurangan
e Sebagian besar kualitatif
* Tidak selalau bisa digunakan (PCR untuk gelatin?)
e Data tidak dapat dapat diekplorasi lagi untuk data mining
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Bottom-up proteomics sebagai dasar pengémbangan

analisis berbasis MS

e Semua makhluk hidup mempunyai hubungan
kekerabatan secara genetic

o * Filogeni menunjukkan diversitas dan hubungan
) g & kekerabatan.

% * Filogeni dibuat dengan menggunakan urutan
(_,4_

DNA.

&=

-

o * Hubungan antara gen dengan spesies
;\% ’ (variabilitas) menjadi sentral dalam analisis halal
=g’
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Evolusi molekuler dari DNA ke protein

Gly Ala lle Leu asp Arg

T T T ] ]
-GGAGCCATATTAGATAGA-

-lG GA|\G C,|0\AT'I|'TT'I'|GATlAGA-|

Gly Ala lle Phe asp Arg

UGM.AC.ID

e 3 perbedaan nukeotida DNA pada
tiga kodon hanya menyebabkan
perbedaan satu asam amino

e 2 penggantian nucleotida
dikatakan sinonim dan satu
penggantian lain disebut non-
sinonim

Terdapat lebih satu kodon untuk

setiap asam amino.

Menemukan urutan protein spesifik
spesies menjadi semakin kompleks

disbanding urutan DNA, tetapi lebih
menjanjikan untuk pembeda

LOCALLY ROOTED, GLOBALLY RESPECTED




Phasel ({£5) UNIVERSITAS GADJAH MADA
Proteome mapping IS/
®$- ., Bagaimana bottom-up proteomics digunakan untuk
~& DI aes identifikasi asal species suatu bahan?
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3> DNA
I*: 5

MRNA
Protein
s Proteotypi tid
— roteotypic peptides
4 § & L 2B 4 ypic pep
= = == °= MS/MS spectra

Shotgun proteomics b LC-MS ﬁ Targeted MS

1. Records m/z T 1. Select precursor ion

Ms ms
‘ ‘ Digestion
e [ 1‘ ‘ | | |

2. Selects peptides based on Fractionation 2. Specific Precursor fragmentation

abundance and fragments
MS/MS

MS/MS
Homogenization/ |
| [ i

= =3 3. Use Precursor-Fragment pairs
g 3‘)' for identification
Uses predefined set of peptides
for routine typing analyses
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Protein Detection and
Quantitation | ‘ I|I

3. Protein database search for
peptide identification

Data Dependent Acquisition (DDA)
Data Independent Acquisition (IDA)
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<
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Species 4

Peptide

Fingerprinting
PMF
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Preparasi sampel pada Bottom-up proteomics

1. Sampel (daging) dicampur air (1:5) is homogenisasi, sonikasi
2. Protein dalam suspensi diendapkan dengan aseton (1:1)
3. Aseton dipisahkan menghasilkan pellet protein
4. Pelet protein dilarutkan dalam ammonium bicarbonate (pH 8.5).
5. Denaturasi protein pada 120°C
6. Reduksi protein dengan Dithiothreitol (DTT) dan alkilasi dengan lodoacetamide |IAA
7. Gidesti dengan trypsin pada 40 C selama 24jam. Trypsin memotong ujung C: Lys (K) & Arg (R)
I III. IV.
ol -l
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QaQ Hybrid Q-Orbitrap A UNIVERSITAS GADJAH MADA
LC-MS LIT or QIT B G

Survey MS Scan

UltiMate 3000 LC system and Thermo Scientific™
Thermo Scientific™ UltiMate ™ 3000 LC system and Q Exactive™ Hybrid Quadrupole-Orbitrap MS

Thermo Scientific™ TSQ Quantiva MS

Injection volume: 2ulL
Flow rate: 75uL/min

[ A:0:1% Formic Acid in ACN Select ions
£ B:0.1% Formic Acid in water .
of interest
100
h——A (mass range)

754

Acquired MS/MS
spectra

254

5 10 15 20 25 30 35 40 45
Time (min)

[=1
O ]

Please note that these conditions can be easily adapted onto a 2 mm column for ease of use.
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Otentifikasi daging dengan mass spectrometry

* Bargen et al. (2013), Journal of Agricultural and Food Chemistry,

61:11986-11994

UGM.AC.ID

2,566

1.5E61

intensitiy [cps]

0.5E61
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|
—

Peptide biomarkers
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Porcine TIC
Sus scrofa
v
v
6 EIB 1I0 1I5 2I0 2I5 3IO 3I5 4I0 4I5
Time (min)
Peptide fingerprinting
Beef
17 specific peptides —» 23 specific peptides
-
Using a relatively high 7 429 common
abundance threshold ... unique peptides
identified
Pork -l
14 specific peptides 9 specific peptides
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Intensity [cps)

Ve WN -

Unspecific signals

protein
troponin T /unknown
myosin-4
myosin-2
myosin-1 and myosin-4
myoglobin

myosin-1 and myosin-2

Several peaks used were not adequately identified

UGM.AC.ID

EFEIGNLQSK
SALAHAVQSSR
YLEFISDAIIHVLHSK
VVETMQTMLDAEIR

2.E+06

LE+06

S E+05 4

S O e ey

pyruvate kinase
hemoglobin
myoglobin
myoglobin

myosin- 1
myosin- |

biomarker peptide sequence

IYVDDGLISLQVK
FLSSVSTVLTSK
HGTVVLTALGGILK
VEADIAGHGQEVLIR
LVNDLTGQR
TLALLFSGPASGEAEGGPK
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Kelemahan PMF

» Tergantung pada data MS dan MS/MS
— ¢ Tergantung setting parameter dalam bioinformatik
 Memerlukan ekspert proteomic dan bioinformatik

Sulit diaplikasikan untuk analisis rutin

Apakah ada alternatif lain?
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Common
protein
sequences
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Survey MS Scan

Select ions

mMmRNA

Protein

Tryptic
Peptides
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Species specific peptide

of interest

Acquired MS/MS spectra

Generation of post-analysis XICs for
selected proteotyping peptides

mass database
Precursor ions

Species specific product

ions database
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Targeted bioinformatics analysis
Daging: Myoglobin

Myoglobin adalah protein pembawa oksigen di jaringan otot
Keberadaannya melimpah di otot/daging vertebrata termasuk mamalia

Myoglobin Bovine MG S MENAWC EKEDKE A RHGNT TANGG GHH

Myoglobine Lamb V| BAIC EDKI l‘t‘ A M| llcir TABGG GHH

Myoglobin Equine ﬁﬁ l ﬂ D -|r AEM AS TABGCG! GHH 'F. 90
| F ™ As Ilcn‘r rA cc GHH rp 90
D cl lrr Qi KHCGAT GNH

Myoglobin Pork
Myoglobin Poultry QQ 1 1

Consensus MGLSDCEWQL VLNXWCKVEA DVAGHGQEVL IRLFTCHPET LEKFDKFKHL KTEAEMKASE DLKKHGNTVL TALGGILKKK GHHEAELKPL
a%

In silico sequence comensien
. Myoglobin Bovine
alignment

Myoglobine Lamb
Myoglobin Equine

Myoglobin Pork
Myoglobin Poultry

NEEE asl) A B 1
Consensus AQSHATKHK I PVKYLEF!SD Al IHVLHXKH PXDFGADAQG AMSKALELFR NDMAAKYKEL GFQG
o

conservacon. [T TITT TN T 0T O] 0TI ITIFII_I'I [T TN o Tion [T

Extraction of gene
information

>>>P>> -3
{

154
154
154
154
154

In silico protein

Proteotypic peptides can be identified

translation and alignment (120-134)

120 134
Se‘?f’ence ar?aly§|s ar.md In Beef  YLEFISDA IIHVLHAKHP SDFGADAQAA MSKALELFR
silico tryptic digestion Horse  YLEFISDA IIHVLHSKHP GDFGADAQGA MTKALELFR
Pork  YLEFISEA I1QVLQSKHP GDFGADAQGA MSKALELFR
Lamb  YLEFISDA IIHVLHAKHP SDFGADAQGA MSKALELFR

|
Generate proteotypic v
mass lists Tee- Ll _ Proteotypic peptides Mass (m/z)
BT Beef HPSDFGADAQAAMSK X,
o= Horse HPGDFGADAQGAMTK X,

UGM.AC.ID

Lamb HPSDFGADAQGAMSK X4 LOBALLY RESPECTED




lzlo || 4|n | I slo ! slo
MB Pork MCESBCEWOE WENMWCEMEA BWACHCQENE NREEKCHPET EEKEDKEKHE KSEDEVEASE DEKKHACNTHE TAECCHEEEE 80
MB Horse MGESBGEWQQ WENMWCKMEA BNACHGOEWE NWREETCHPET EEKEDKEKHE KTEAEVEASE DUEKKHCGTHMME TAEGCHEEEKE 80
MB Beef MCESBCEWQE MENAWCKMEA BMACHCOENWE NREETCHPET EEKEDKEKHE KTEAEVKASE DEKKHCNTHME TAEGCHEEEK 80
MB Lamb MGHESBGEWQE WENAWGKMEA BMAGHGCOENWE NREETGHPET MEKEDKEKHE KTEAEMKASE DEKKHCGNTHEE TANGGHEKER 8o
MB Chicken MCESBQEWOQ METHEWCKNMEA BNACHCHENE MREEHBHPET EDREDKEKCE KTPBOMKCSE DEKKHCATHME TOECKNEEQK 80
Consensus MGLSDGEWQL VLNXWGKVEA DVAGHGQEVL IRLFTGHPET LEKFDKFKHL KTEAEMKASE DLKKHGNTVL TALGGILKKK
100%
Conservation T O RHT TR T LT L g L LT
l l l[IJU l Il%U ltllt]
MB Pork GHHEAEETPE AQSHATKHEN PUKNEEENSE ANNOMEQSKEH PGBEGABAQG AMSKANEENER NBVMAARNKEE GEQG 154
MB Horse GHHEAEBEPE AQSHATKHEN PNEEEEENSE ANNHNEHSEH PcBEcABAQG AMTEANEENER NBNAAKEEKEER cEQG 154
MB Beef GHHEAENKHE AESHANKHEN PUKNEEENSD ANNHNEHAKH PSBEGABAQA AMSEKANEEER NDMAAQNKME GEHG 154
MB Lamb GHHEAENMEHE AESHANKHEN PUEEEREENSE ANNMHNEHAKEH PsBEcABAQG AMSEAREEER NBvasQNENME cBQGc 154
MB Chicken GNHESEEKPE AQTHATKHKN PUKNEEENSE VNNKVMNAEKH AABECABSQA AMKKAEEEER NPVASKNKEE CEQG 154
Consensus GHHEAELKPL AQSHATKHKI| PVKYLEFISD AlIHVLHXKH PXDFGADAQG AMSKALELFR NDMAAKYKEL GFQG
100%
Conservation | 11T TR [IRFIFIFIR 1 0 O e Oe o T T U

Specific pork myoglobin tryptic peptides

18VEADVAGHGQEVLIRLFK3>

36GHPETLEK®3

>2SEDEMKASEDLK?®3
81GHHEAELTPLAQSHATK?®’
104YLEFISEAIIQVLQSK?!!?

UGM.AC.ID

—

Specific MS and
MS/MS data

S—

1100

110010101101110,
01101011000101110
01101101110110000
110101010101110010,
010100101010010107

"\
010101011101\ St
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Contoh protein lain

Myosin-1 (MYH1)

Myosin-2 (MYH2)

MYH1_Beef C
MYHL_Horse C
MYH1_Pork C
MYH1_Lamb C

1
MEPEATEMS EENEEREQHE
MEPEATETS EENE
MEPEATETS EENE
MEPEATETS EENKEREQHE
MFPKATDTS FKNKLYEQHL

58D
1
GESNNEQEPE PARGEAEAHE
GEsNNEQEPE PHEG AHE
GESNNEQEPE PARGRMEAHE
GESNNEQEPKE PARGKAEAHE
GKSNNFQKPK PAKGKAEAHF

B00
1

sENHEACTHE IN.TG'.'IH

K
SENHEACTEE EnNTCWEBEN
SLIHYAGTVD YNITGWLDKN

KBErENETHNC
KBPENETHNG
KBPENETHNG
KBErPENETHNC
KDPLNETVVG
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B20
1

QKssH
IIQISSIITI ABEEsScAASA
LYQKSSVKTL AXLFSGXASA

Consensus C
100%

Conservation

%

o

ol 0 I

MYH1_Beef
MYH1_Horse
MYH1_Pork
MYH1 Lamb |E

Cr.:-nsensus X

:4I]

EaBcG- Pl G GEERcssEQT
GEERGcssEQT
AEAGGG CEEEcssBEar

(a4l

GEEKcssEar
GKKKGSSFQT

AEcccAKKC
AEXGGXKKG

EIIEIJ
WsAEERENEN
MsAEERENEN
WsAEERENEN
s ABERENEN
VSALFRENLN

EEMTNERSTH
EEMTNERSTH
KEMTNERSTH
EEmTNERSTH
KLMTNLRSTH

BEO

1
PHEMECHNPN ETETPCAMEH
PHEMECHNPN ETETPCAMEH
PHENRCHNPN ETETPCAMEH
PHEMRCHNPN ETETPCAMEH
PHFVRCIIPN ETKTPGAMEH

?Iil]
EEVEHOQERCN
EEVEHQERCN
EEVWEHOQERCN
EEWEHQERCN
ELVLHQLRCN

b30
p30
630
630

720

1
GEEECHRENCR EcEPSENEEA 719
GHMEECHRNCR EcEPSENERA 719
GHBECHRNCR EcEPSRNEEA 720
GEEECHRNCR EcEPSENEEA 720

GVLEGIRICR KGFPSRILYA

COHSENBIIOH I—l

ol

MYH2_Beef CMEPEATEMS
MYHZ_Horse CMEPEATETS
MYHZ_Pork CMEPEATBTS
MYH2_Lamb CMEPEATETS

SED

1
EENKENGBQHE
ERNKENEQHE
EEKNKENEQHE
FRNKENBQHE

Consensus CMFPKATDTS FKNKLYXQHL

GESANEQEPE
GEssNEQKPE
GESANEQEPE
GEsANEoKPK
GKSANFQKPK

SED

1
UUECEPEAHE
UUECEAEAHE
PARGENMEAHE
UUECETEAHE
VVKGKXEAHF

600

1 1
ADNHEACHEE EnETCWEEREN EBrPENBTHENC EEQEsSADREE ABEEscTPTG 530
SENHEACHNE EnNTCWEDEN EBPENETHEC EEQESSHUEE ARBESscAQTA 528
sENHEACGTHD EnlETcWEDEN KBPENDTHNC EEQEsAREE ABREscaQrc 530
sENHEACHND EnNTcowEEEN KBPENBTHNGC ENoKssvErl AREEscTrTA 628

SLIHYAGVVD

YNITGWLXKN

KDPLNDTVVG

1a00%

Conservation 1 0 1 e 1 1 1 ol L Hionlin
40 E?D E?D ?ZIIJ
MYH2_Beef [BSEASGGTER CCEEEGSSEQ THSARERENE NEEMTNERST HPHEMECHNFP NETETPGAME RECEPSRNEE 7:0
MYH2_Horse | BAEA - GCHE G5SEQ E NEEMTNERST R NETETPGAME RECEPSRNEE 717
myH2_Pork | EAEA -GGTEE CCEEECSSEQ THSAEERENE NEEMTNERST HPHEURCHNP NETETPcAME HEEMEHOERC liElc RECEPSRNEN 719
MYHZ_Lamb |ESEGSC-TER GCEEECSSEQ THSADERENE NEEMTNERST HPHEMECHNP NETETPcAME HEERMEHQERC NGMEECHRNC REGEPSRNEN 717
Consensus CCGKKKGSSFQ TVSALFREMNL NKLMTMLRST HPHFVYRCIIP METKTPGAME HELVLHQLRC NGWVLEGIRIC RKGFPSRILY

100%

Consewatlon |—”—|

Tnlll

UGM.AC.ID
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B Hemoglobin (Hbb)

20

1
ANTARWGENUR

40

1
WBENCCEAR: REBUEErPWTQ

Lo

80

1
sEsNcMEHEE

1
Hbb_Beef M- -BTAEEEA TABANMNNPE |HEAHCEENEE BEECTEAARS
Hbb_Horse MEQESCEEEA ANEARWBEMN EEENMcCCEANC REEMMEPWTO HEH SECECHUHHEE NEECTEAANS
Hbb_Pork MEHESAEEEKE ANEcCEWCENN MBEMcCEAERC RERNEEPWTO filo SESBCEEHEE NEEGTEAEES
Hbb_Lamb M- -BTAEEEA ANMTGEWGENE NBENcCAEANC RERMEEFPWTQ sABANMNNAK IIAIGIIIII SEsNGEQHEE BEECTEAQES
Consensus MV -LXAEEKA AVXXXWGKVX VDEVGGEALG RLLVVYPWTQ RFFESFGDLS NADAVMXNPK VKAHGKKVLD SFSNGVKHLD XLKGTFAALS
100%
conservation |\ V(AT U1 [l ioood [l d i (HRUETT 1] o 0 U0 ool i1 o 1
100 120 140
1 T 1
Hbb_Beef EMHCBEEHNE PENEERECNY RUNURARANEC EEETPEECABE BOENWACHAN ABAHREH 145
Hbb_Horse EBHCBEEHNE PENEREECNE EUNEEARHEC EBETPERCAS HOEMMACHAN ABAHEEH 147
Hbob_Pork EBHCBOBRME PENEREEGNE NUNSEARREEC HDEnPnNEOAA BEOENNACGHNAN ABAHEEH 147
Hbb_Lamb ERHCBEEHEE PENEREECNE DUNNEARHHC SEETPEEQAE EOEMMACHMAN ARAHREH 145
Consensus ELHCDKLHVD PENMFRLLGNV LVVVLA VAGVAN ALAHXYH
100%
Conservation 1 1 1 oot | oo A T 1

LOCALLY ROOTED, GLOBALLY RESPECTED
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Myoglobin (MB)

MB Pork
MB Horse
MB Beef
MB Lamb
MB Chicken

Consensus
100%

Conservafion
0%

MB Pork
MB Horse
MB Beef
MB Lamb
MB Chicken

Consensus
100%

Conservation
0%

UGM.AC.ID

20

1
UENUWCKUEA

40

I
NREERGHPET

60
I

80

1
TABGGHERKK
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MGESBGEWQE BUAGHGRENE BEKEDKEKHE KSEDEVEASE DEKKHGNTUE GHHEAEETPHE %0
MGESBGEWQQ MENUWGKMEA BNAGHGQEME NREETGHPET BEKEDKEKHE KTEAEVMKASE DEKKHGTHME TAERGGHEKKK GHHEAEEKPE <0
MGESBGEWQE WENAWGKMEA BWAGHGQENME MREETGHPET HEKEDEEKHE KTEAEMEASE DEEKHGNTME TABGGHEKKK GHHEAEMKHE %0
MGESBGEWQE MENAWGCKMEA BUWAGHGQEWE NREETGHPET BEKEDKEKHE KTEAEVEASE DEKKHACNTUE TABGCHEEEK GHHEAEWKHE <0
MGESBOEWQQ METEWGKMEA BNAGHGHEWE VREEHBHPET UDREDKEKGE KTPBOVKGSE DEKKHGATHE TQEGKNEKQK GNHESEEKPE o
MGLSDGEWQL VLNXWGKVEA DVAGHGQEVL IRLFTGHPET LEKFDKFKHL KTEAEMKASE DLKKHGNTVL TALGGILKKK GHHEAELKPL

T s LT (D] T T C LT O

100 120 140
AQSIATIIlll PURNEEENSE J“-llt.‘:lthSlII PGEEGABAQG AMSIAIIIIi NBVMAAKEREE GEQG 154
AQSHATKHEN PUKNEEENSE ANNHMEHSKH PGBECABAQG AMTKABEEER NBNAAKMKEE GEQG 154
AESHANKHEN PUKNEEENSE ANNHMEHAKH PSBEGABDAQA AMSKABEEER NBMAAQNMKWE GEHG 154
AESHANKHKN PVKNEEENSE ANNHMEHAKH PSBEGABAQG AMSKABEEER NBMAAQNKME GEQG 154
AQTHATKHKN PUKNEEENSE VNNEVNAEKH AABEGABSGA AMEKABEEER NBVWASKEKEE GEQG 154
AQSHATKHK | PVKYLEFISD Al IHVLHXKH PXDFGADAQG AMSKALELFR NDMAAKYKEL GFQG
alila 1 0 o O D D A ]
| ]
MB 120-134

Species Tryptic Peptide sequence (biomarker) | Theoritical mass (z=2)

Pork HPGDFGADAQGAMSK 744.8304

Horse HPGDFGADAQGAMTK 751.8383

Beef HPSDFGADAQAAMSK 766.8435

Lamb HPSDFGADAQGAMSK 759.8357

Chicken HAADFGADSQAAMKK 774.3672

HAADFGADSQAAMK 710.3197

LOCALLY ROOTED, GLOBALLY RESPECTED




Myosin-T (MYHT)

620 640 660 680 700

| | | I |
MYH1_Pork KBPENETHEG ENCESSUETE AEEETGAAGA -BAEAGGGKK GGEKEEGSSHQ TUSAENERENE NEEMTNERST HPHEEMRCHENP NETETPGAME HEEVEHQERC 699
MYH1_Horse KBPENETHUG ENMQKSSUKTE ABEESGPASA -DAEAGG-KK GGEEKKGSSEQ TUSANERENE NEEMTNERST HPHEMRCHNP NETETPGAME HEEMEHQERC 698
MYH1_Beef KBPENETHMMG ENQESSUKTE AEBEESGPASG -EAEGG-PKE GGKEKGSSEQ TUSAEERENE NEEMTNERST HPHEMRCENP NETETPGAME HEEMEHQERC 698
MYH1_Lamb KBPENETHMEC ENCKSSMKETE AEEESGAASA -EAEGGGAKK GGEKEcSSEQ TUSABERENE NEEMTNERST HPHEMRCHENP NETETPGAME HEEMEHQERC 699
MYH1A_Chicken KBPENETHNCG ENQKSSEKTE ABEEASAGGE PEASGGGGKK GGKEKGSSEQ THESAEERENE NEEVTNERST HPHEURCHNP NETETPGAME HEEWEHQERC 699

Consensus KDPLNETVVG LYQKSSVKTL ALLFSGAASA -EAEGGGGKK GGKKKGSSFQ TVSALFRENL NKLMTNLRST HPHFVRCI IP NETKTPGAME HELVLHQLRC

100%

Conservation i D0 om0 s
MYH1 619-638

Species Tryptic Peptide sequence (biomarker) | Theoritical mass (z=2)
Pork TLAFLFTGAAGADAEAGGGK 912.9600
Horse TLALLFSGPASADAEAGGK 888.4623
Beef TLALLFSGPASGEAEGGPK 901.4702
Lamb TLAFLFSGAASAEAEGGGAK 927.9652
Chicken TLALLFASAGGEPEASGGGGK 945.4838




Myosin-2 (MYH?2)

MYHZ_PORK
MYH2_Horse
MYH2Z_BOVIN
MYHZ_Lamb
MYHZ2_Chicken

Consensus

100

Conservation
o%

UGM.AC.ID
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NRBPENDTUN GENORSAEKT EAEEESGAQT GEAEA-GGT- - -RKGGKKKG SSEQTWSAEE RENENKEMTN ERSTHPHEWR CHENPNETRTE GAMEHEEWEH 695
NEKDPENETHEN cENQESSEKT DABEEsScGAQT ADAEA-GGHM- - -KKGGEKKKG sSSEQTESAUNE RENENKEMTN ERSTHPHEMR CHMPNETETP GAMEHEEMEH 693
NEDPENDTHENM cENQKSAEKT BAEUESGTPT GDSEASGGT- - -KKGGKKKG SSEQTESAUNE RENENKEMTN ERSTHPHEMR CHMPNETETP GAMEHEEMEH 696
NEBPENDTEN cENQRSSMET BABEESGTPT AESEGSG-T- - -KRGGREKG SSEQTHMSAEE RENENEEMTN ERSTHPHEMR CHMPNETETP GAMEHEERNEH 693
NEKDPENETEN cENQESSEKT DADEEANEGG AEAEASGGGG GGHKGGKKKG SSEQTESAUNE RENENNEMTN ERSTHPHEMR CHMPNETETP GAMEHEEMEH 699
NKDPLNDTVV GLYQKSSXKT LALLFSGXXT AEAEASGGT- --KKGGKKKG SSFQTVSALF RENLMKLMTN LRSTHPHFVR CIIPNETKTP GAMEHELVLH
il O Tl oo 0 T |
L ]
MYH2 619-638

Species Tryptic Peptide sequence (biomarker) | Theoritical mass (z=2)

Pork TLAFLFSGAQTGEAEAGGTK 978.4891

Horse TLALLFSGAQTADAEAGGVK 960.5073

Beef TLAFLFSGTPTGDSEASGGTK 1022.4971

Lamb TLALLFSGTPTAESEGSGTK 984.0020

Chicken TLALLFANYGGAEAEASGGGGGGK 1084.5346

LOCALLY ROOTED, GLOBALLY RESPECTED




UNIVERSITAS GADJAH MADA

3-Hemoglobin

BHG 42-60

Hemoglobin beta_Pork MEHESAEEKE
Hemoglobin beta_Horse MUEQESGEEKA
Hemoglobin beta_Beef M- - BTAEEKA
Hemoglobin beta_Lamb M- - BTAEEKA
Hemoglobin beta_Chicken MEHWTAEEKQ

Consensus MVHLTAEEKA
100%

20

|
ANEGEWGKEN
ANBAEWEREN
ANTAEWCGKNK
ANTGEWCGKWK
BN TGEWCGKEN
AVTGLWGKVN

WBENGGEANG
EEENMGCEANG
WBEWGGEANG
WBEWGAEANG
HAECGAEARA
VDEVGGEALG

40

I
REEEWEPWTQ
REEVEEPWTQ
REEVEEPWTQ
REEUEEPWTQ
REENWEPWTQ
RLLVVYPWTQ

REEEsSEGOEs
REEDSEGDES
REEESEGDEsS
REEEHEGDESs
REEASECGNES
RFFESFGDLS

1
80

1
NABANMMGNPE
NPGANMGNPE
TABANMMNNPE
NABANMNNPE
SPTANEGNPM
NADAVMGNPK

WEAHGERNEQ
WRAHGRRWEH
WRAHGRKWED
WKAHGKRUED
WRAHGREKWET
VKAHGKKVLD

1
SESODGEKHED
SEGEGNHHEDR
SESNGMEHED
SESNGMKHED
SEGBANKNED
SFSXGXKHLD

NEEGTEAEES 90
NERGTEAARS S0
BERGTEAARS 88
DEKGTEAQES 88
NUENTESQlES 90
NLKGTFAXLS

Conservation
%

N

Moo T 0

Talliaiiil

I

il

| n

el

T

100

1
Hemoglobin beta_Pork EEHCBCEHEB
Hemoglobin beta_Horse ERHCEBEEHMD
Hemoglobin beta_Beef ERHCBKEHME
Hemoglobin beta_Lamb EEHCBKEHND

PENEREECGNE
PENEREECNE
PENEKEEGNE
PENEREECNE

120

1
IUVVEARREG
ENVVEARHEG
ENVWEARNEG
EMVMVEARHHG

HEENPNEQAA
KOETPEEQAS
KEETPEECAD
NEETPUEQAD

il H1m

1
EQRNWAGHAN
HOREMAGHAN
EQKNMAGHAN
EQREMAGHAN

ABAHEEH 147
ABAHKEH 147
ABAHREH 145
ABAHREH 145

Hemoglobin beta_Chicken EEHCEKEHME
Consensus ELHCDKLHVD
100

Conse r|.r.'e:1:int:|;a H H

ABARKEH 147
ALAHKYH

Il

PENEREECON ENNVEAAHES
PENFRLLGNV LVVVLARHFG

11 ]

KDETPECQAA
KDFTPXLQAX

WaKENRWWAH
FQKVVAGVAN

il

(o0l oo Nl e O

Theoritical mass (z=2)
1023.4673
1000.4646
1045.4804
1076.9915
1113.5724

Tryptic Peptide sequence (biomarker)
FFESFGDLSNADAVMGNPK
FFDSFGDLSNPGAVMGNPK
FFESFGDLSTADAVMNNPK
FFEHFGDLSNADAVMNNPK
FFASFGNLSSPTAILGNPMVR

Species
Pork
Horse
Beef
Lamb
Chicken

LOCALLY ROOTED, GLOBALLY RESPECTED

UGM.AC.ID




Analisis Bioinformatik

(XC2) UNIVERSITAS GADJAH MADA

Pork
Horse
Beef
Lamb
Chicken
In silico MS?
fragmentation
prediction
Venn
diagrams

Myoglobin

120y PGDFGADAQGAMSK! 40
120y PGDFGADAQGAMTK! 40
120y PSDFGADAQAAMSK! 40
120y PSDFGADAQGAMSK! 40
120HAADFGADSQAAMKK! 40

Jo9g g

Myosin-1
S1OTLAFLFTGAAGADAEAGGGK®38
69T ALLFSGPASADAEAGGK®3?
69T ALLFSGPASGEAEGGPK®37
69T AFLFSGAASAEAEGGGAK®3®
618TT ALLFASAGGEPEASGGGGK®3®

Myosin-2
S19TLAFLFSGAQTGEAEAGGTK®3®
61TTLALLFSGAQTADAEAGGVK®36
SI9TLAFLFSGTPTGDSEASGGTK®3?
S1TTLALLFSGTPTAESEGSGTK®36
S18TLALLFANYGGAEAEASGGGGGGKS4?

4998 ZHAW

B-Haemoglobin
4?FFESFGDLSNADAVMGNPK®®
42FFDSFGDLSNPGAVMGNPK®?
OFFESFGDLSTADAVMNNPK®®
OFFEHFGDLSNADAVMNNPK®®
2FFASFGNLSSPTAILGNPMVR®?

UGM.AC.ID

—— Otentifikasi dapat dilakukan pada MS* dan MS? untuk meningkatkan spesifisitas

LOCALLY ROOTED, GLOBALLY RESPECTED




Peptida target dicobakan untuk MS? dimana
dihasilkan fragmen unik b dany.

UNIVERSITAS GADJAH MADA

X2 Y2 zZz2 X4 Vi
7 T
-C-i-NH-

ol
HZN—?H-E—C—E—NH-E—CH-
SR

N

—~CH—C—OH

wm_

a4 by C1 Ao Fz Co

P E T ABIE

b fragment ions

(P E TIEIE I F T
PLELT o

(PE

UGM.AC.ID

y fragment ions

(E (K]

LE LK)
LE (K]
(E LK)

Species Myoglobin Myosin-1 Myosin-2 f- Hemoglobin
Pork —*1254 .54 19 704.3210 *433.2405 831.4029
1342.5481 775.3581 562.2831 902.4400
—®1351.5947 794.4447 633.3202 *1016.483
*832.3795 762.3628 *1103.515
B51.4662 *§19.3843 1144.4946
*003.4167 908.4876 1215.5317
922.5033 "020.4320 ®1216.5990
974.4538 1036.5462 1330.5586
993.5404 1048.4905 ®1331.6260
*1031.4752 1119.5277 1401.5957
1050.5619 1137.5939 1500.6642
1121.5990 *1176.5491 1535.7159
*1132.5229 1194.6154 1622.7479
1236.6259 21263.5811 1631.7046
*1279.5913 1323.6579 1688.7261
1307.6630 1394.6951 1751.7905
®1392.6754 "1410.6496 1802.7690
1436.7056 1523.7336 1898.8589
1507.7427 1523.7377 1899.8218
1539.7438 1594.7748
1564.7642 1651.7962
1610.7809 1670.8020
1621.7857 1708.8177
1678.8071 1741.8392
1723.8650 1B09.8654
1854.9232
Horse 248.1605 461.2354 246.1812 410.1710
*379.2010 532.2726 303.2027 497.2031
450.2381 £47.2995 360.2241 £44.2715
"1268.5576 "B05.3686 431.2613 701.2930
1356.5637 ®073.4585 560.3039 B16.3199
—)p “1365.6103 *1030.4800 ®631.3410 *B70.4502
®1117.5120 *746.3679 929.4040
1129.6252 “B17.4050 “984.4931
"1264.5804 B74.5033 1016.4360
*1377.6645 *918.4527 *1071.5252
1480.7485 1002.5619 1130.4789
1561.7857 1046.5113 *1184.6092
1674.8697 1103.6095 1227.5317
®1117.5484 1284.5531
®1174.5699 ®1299.6362
1174.6467 1355.5903
"1261.6019 *1356.6576
12B9.6736 1454.6587
1360.7107 1503.7260
"1408.6703 1585.6992
1489.7533 1590.7581
1521.7544 1642.7206
1560.7904 1705.7850
1617.81189 1756.7635
1634.8384 1852.8534
1674.8333 1853.8163

1705.8755
1773.9018
1818.9596




{0)7) UNIVERSITAS GADJAH MADA

Analisis myoglobin dengan digesti pro't‘éolltlk

Strategy

UGM.AC.ID

m/z 500-2000

17 500 FWHM

140 000 FWHM

Select ions

of interest 766.8435 751.8383 744.3304 759.8357

Isolation width = 1.5 AMU

Proteotypic peptides Mass (m/z)

Beef HPSDFGADAQAAMSK Xy

Horse HPGDFGADAQGAMTK X,

Pork HPGDFGADAQGAMSK X

rvey M n L
Sl s Sieel Lamb HPSDFGADAQGAMSK X4

\4
“Beet | Hose | pork | tamb _

(z=2) (z=2) (z=2) (z=2)

Acquired MS/MS
spectra

Generation of post-analysis XICs for
selected proteotyping peptides

Extracted ion chromatograms with m_+ 5 ppm

LOCALLY ROOTED, GLOBALLY RESPECTED




TIC
Beef (Bos taurus)

w N"

TIC masih mengandung
lebih dari 7000 peptida

{ I!,\ N

Tic
Horse (Equus caballus)

' A MJ lhﬂw JW"‘\ "

XIC 766.8435 (= 5 ppm)

Amis-0.7 ppm —> 751.8378

/j 752.3393

{ DJAH MADA

‘ 753.3409

" AL L A ] |
‘J"'L,- D — T 74'9.0 74'9.5 756.0 75'0.5 75'1.0 75'1.5 75'2.0 75'2.5 75'3.0 75'3.5 7511.0 75:!.5 75'5.0
0 5 10 15 20 25 30 35 40 miz
Time (min)
Species Tryptic peptide sequence Theoretical mass (z=2) Observed mass Mass accuracy
20 THLASRIES ppon) MB (120-134) (z=2) (ppm)

Beef HPSDFGADAQAAMSK 766.8435 766.8436 0.13

Horse HPGDFGADAQGAMTK 751.8383 751.8378 -0.67

Pork HPGDFGADAQGAMSK 744.8304 744.8314 1.34

Lamb HPSDFGADAQGAMSK 759.8357 759.8363 0.79

TIC
Pork (Sus scrofa)

|

I‘U "\Vh

\,‘.’ \‘*

o 5 10 15 20 25 30 35 40
Time (min)

0 10

XIC 744.8304 (+ 5 ppm)

UGM.AC.ID

TiC
Lamb (Ovis aries)
W
M) J’LI | MVMLI Pd\
AN AN
0 5 10 15 20 25 30 35 40
Time (min)
XIC 750.8357 (= S ppm)
[ T :o 15 20 25 3 35 40
Time (min)

Setiap target peptide

diekstrak dari TIC

LOCALLY ROOTED, GLOBALLY RESPECTED
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Beef

Y3 Ys4

365.1862¢ 706.3578

| 949.4435

436.2237 « | 8093234 Y10
Y

Y11

1096.5124 Y12
l 1211.5402

Y13

1298.5723
Y14

1395.6243

=
?

HPISDFGADAQAAMSK

Yia yi3

HPGDFGADAQGAMTK

HPIGDFGADAQGAMSK

Yia Y3

HH%DFGADAQGAMSK

WA
:g% UNIVERSITAS GADJAH MADA

Identifikasi spesifik

400 600 800 1000 1200 1400
miz
Horse 1268.5586
379.2016 £83.9087
507.2603 949.4412
< ‘/ 1211.5364| 1365.6118
‘ \ 1096.5084 \
‘ il || SO | l[_l[n. \ \'J.Ll l'l .
400 600 800 1000 1200 1400
miz
1254.5434
331.2208
692.3419
493.2448 1
1351.5947
935.4248 1234.5290
779.3107 1082.4927
II.[I. ll'hm | ) 'lll l n Irun 1 v “l 1|'l |
400 600 800 1000 1200 1400
miz
1284.5549
692.3397
365.1862 493.0454 809.3238 1082.4965
| 1381.6071
v 9354275 * 1197.5205
\ h 621.304 l l ‘ \
| 'Ill ll.u'l[ L 'll Ly L H |
400 600 800 1000 1200 1400

LOCALLY ROOTED, GLOBALLY RESPECTED

miz

produk ion
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NI L
Beef | Horse | Pork | Lamb

766.8435 751.8383 744.8304 759.8357
(z=2) (z=2) (z=2) (z=2)

Survey MS Scan

140 000 FWHM
m/z 500-2000

Select ions
of interest

Isolation width = 1.5 AMU

| seef | Hose | Pok | _Lamb |

1298.5681 1268.5576 1254.5419 1284.5525
Acquired MS/MS (Y13) (V13) (V13) (Y13)
spectra
1395.6209 1365.6103 1351.5947 1381.6053
17 500 FWHM (Y14) (V14) (V14) (Y14)

UGM.AC.ID

Generation of post-analysis XICs for
selected proteotyping peptides

XIC untuk y,, atauy,;3£5 ppm

LOCALLY ROOTED, GLOBALLY RESPECTED
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766.8 — 1298.5681 (y,3)
Beef

5 6 7 8 9 10
Time (min)

751.8 — 1268.5576 (y,3)

|
Horse

744.8 —y 1254.5419 (y,;)
|
Pork “

5 6 7 8 9 10
Time (min)

759.8 — 1284.5525 (y,3)
|

Lamb \

766.8 — 1395.6209 (y,,)

5 6 7 8 9

5 6 7 8 9

744.8 _ 1351.5947 (y,,)

H 6 7 8 9

759.8 — 1381.6053 (y,,)

1
Time (min)

LOCALLY ROOTED, GLOBALLY RESPECTED

XIC spesifik dapat
digunakan untuk

membedaan antar
spesies , tetapi....

UNIVERSITAS GADJAH MADA
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=
s

= g

Overlay XIC (extracted ion chromatogram) m/z 744.8304 +5 ppm (z=2)
Peptida myoglobin babi

— 100%
— 50%
— 25%
— 10%
— 1% 30000007 R2 =0 9676
{ o
N
o)
o
s 2000000-
g
<
©
N atrns &
A 1000000-
)\

Time (min) 0 20 40 60 80 100

Peak area XIC vs konsentrasi

LOCALLY ROOTED, GLOBALLY RESPECTED

UGM.AC.ID




Presisi

Beef (Myoglobin peptide 120-134) Horse (Myoglobin peptide 120-134)
asx108y % CV < 20% 2.0x10% % CV < 16%

——
3.0%x1084 A —_——
2.5x108] % % 1.5x10%{ -o— __BB__ S -

T F T E E R o
£ 2.0x108 e -
< < =
©  1.5x108 ~  1.0x1084
& g
1.0x1084 o
5.0x107 5.0x107
0.0 T T
\e\' \e,q’ \e.rb \Q,b‘ 0.0 T T T T
'b@Q ’b’é\Q ’b’é\Q '§Q Q/'» Q/Q/ Q,"b Qﬂb‘
) S s & & & N
%’b' Cog %’b' Koy
Pork (Myoglobin peptide 120-134) Lamb (Myoglobin peptide 120-134)
25107 9% CV < 22% % CV < 19%
soxior] o 41077 - —4- '
- E_ —_E;:_— TAa ¥
© a0l T 1 —_— 3x1071
f: 1.5x10 oo o a BE g -~
§ 1.0x107] o= 25 ?‘3 21077
o
5.0x10°4 1x1071
0.0 0

UGM.AC.ID
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Sampel daging dispike dengan 1% (w/w) babi UNIVERSITAS GADJAH MADA

sapi kambing ayam

Myoglobin (120-134)
HPGDFGADAQGAMSK
XIC 744.8304 (+ 5 ppm)

ce (%)

Relative abundan

Myosin-1 (619-638)
TLAFLFTGAAGADAEAGGGK
XIC 912.9600 (+ 5 ppm)

/

T6

LOCALLY ROOTED, GLOBALLY RESPECTED

Myosin-2 (619-638)
TLAFLFSGAQTGEAEAGGTK
XIC 978.4891 (= 5 ppm)

B-Haemoglobin
FFESFGDLSNADAVMGNPK
XIC 1023.4673 (+ 5 ppm)

Re bundance (%)

Relative abundar

Warna merah untuk daging tanpa spiking

Time (min) Time (min)

UGM.AC.ID




B R |
Data-independent acquisition (DIA)

5 45 UNIVERSITAS GADJAH MADA

e e

MS/MS isolation range

600-650 . . .
Example: Pork myoglobin proteotypic peptide (120-134)
17 500 FWHM — HPGDFGADAQGAMSK
AGT: 1¢° . .
I’\s}lc;I;tion v:itr :50 DA Precursor mass m/z Specific fragment ions
count:
Loop count: 6 744.8304 (+2) 1254.5419 (y,;)
Max IT: Auto
13515947 (1)
MS1 data DIA data
#1097 R2>005 -
-
© 1.5x10% <
< o
% % 4x10%1
O 1.0x10% &
2x10%
5.0x1051 A
0.0+ T T T T 0+ T T T
0 25 50 75 100 0 25 50 75 100
Concentration (% w/w) Concentration (% w/w)

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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STRATEGI UMUM

Extraction of gene
information

Speciation is therefore
based on genetic

In silico sequence Survey MS Scan differences

alignment

In silico protein Targeted MS/MS or
translation and DIA (25 or 50 Da)

alignment

Acquired MS/MS spectra

Sequence analysis
and In silico tryptic

digestion Select ions
of interest

Generate proteotypic
mass lists

Generation of post-analysis XICs for
Generate MS/MS selected proteotyping peptides

product ion mass lists

Precursor and specific production ions

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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TERIMA KASIH

LOCALLY ROOTED, GLOBALLY RESPECTED
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