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Aol AHER ARA Behdl ARES BA7 B AF] BulE L G
Fepd F 200E  Wusel Ausyth 2009 Fekd WEES

F e (pollock) A ¥ A5 471 (no.116, 156, 173, 180), Bl (cod) el A]
Fa8 A 371 (no.16, 28, 153), ©etulo}(Tilapia)ollA frel® A& 370
(no.23, 157, 176), "7] (Catfish) eIA ¥ A& 370 (no.11, 135, 174),
detujotsl Jof(carp) oAl FElE A= 570 (no. 3, 7, 146, 150, 168),
gatujobs) v 7)ol FHlE AlE 17] (no.171), Z18]1 dojolA Faie A8
27§ (no.21, 182) & 7do] HoJ3ltt. (Table 1.)

o] Ags& 98 AFg¥ water, LC/MS grade (Cat.no. W6—-212) %
acetonitrile, LC/MS grade (Cat.no. A955—-1) &N Fisher
ChemicalAtell A F-uisle] AFE51 9™ Formic Acid, LC—MS Grade (Cat.no.
28905) % Thermo Scientific™A}e] A|F&= ol &al3th. A& AA2E 913
IM Tris(hydroxymethyl) aminomethane buffer (Cat.no.IBS—BT019)+
Q] E En}o] @ of A Fujgl o DL-—Dithiothreitol (Cat.no.D9779) =}
lodoacetamide (Cat.no.11149)+=  Sigma  AldrichA}e] A& AFEF
Denaturation &5 #|Zst7] 98t Urea (Cat.no. GE3329)+ Glentham
Life Science Al# S ATl RapiZyme Trypsin (Cat.no. 186010106)+=
WatersAtell Al Fruljglom] okl Ao AF&-¥ Sep—Pak C18 1 cc Vac
Cartridge, 50 mg Sorbent (Cat.no.WATO054960)%3%+ WatersAlto A&
AHE- 3T



Table 1. Collagen Sample List

EepmEete)

2w FE/m0 EFERIT mux)  Cortifiote ¥ clols wxW (0a) | BRY
3 HExt s @era #a Al gEiE A S22y Powder | ®atmiot, got| Al o HEx | 1000 0l% 100%
7 g MEA HHEAA #3 cret mEu23d Powder | ®2imoL, o ‘;u'u o Hgxl 1000 0l 8 100%
o
0 meimatA ww o2 ABIQIEIE A . Powder 0171 |ovINH HOAN C o XXt 500 018t 100%
OLLAGEN)
-
16 | Clutm e U014 = 2 910] M B2t 180 o3 PEETS HIEIRILE S Powder |G e morhual(Seagaraon AS) o MR 500-2000 98.5%
21 EEEAATLLY ZiLict HOIMOIOIR2I0F  [KCI Trading Inc. Port Coquitiam B.C|  Powder =L 7ALicH X Xt . 7937%
WEY g3
23 msmatn o3 . e Powder | ®atmiot A o T 1000 100%
28 e WM AN w3 waoa vlEtRILLS Powder | 8ot Cad o amarden AS) o HER 500-2000 99%
Al
16 J@epE Mg ATy @242 o3 EUTES ey Powder | ZH(AlaskaPolyuger nuTRAT o M@t 300 018} 100%
] TECH)
By
S| emejol XMEx 2N Yerols o= EEETE CIgIE A Powder  joiI(Pangasiud oy oA € o g 500 100%
146 REST MEX N BN 3 REy PE2a Ponder | HEIICL A (;EI'AinJ ° Mgt 500 018} 100%
2oL, 2o 3
150 =X A OIS B A w3 Roig SRAEEME Powder oty FATHOS Collagd o H@a} 300 Ol%t 100%
n
153 22| ojgl o4 #2424 100 2 2RH0|2 H|ERILLR Powder = B 290 [+] g At 1000 9%
156 MA@l =XEX D@ o3 LT HaE gotA Powder | FA(RaskaPol  ayujop o HEx 300 100%
TEs
[LESAFFRE INGR}
157 F2 ERA HEX OHBAA 3 =2 220} ezjolg 29 Powder | ®almoh FOENTSSERV O X 2000 0I5t 100%
£s)
TEIONLTE
18| HEX H4 B2 BEOIS Y2 #a wus2) 8 vol2 Tablet  [@eimoh,@ol| el o Xt 300 s88%
. 0171
m w2 D5 B2AA BEOIS o3 el 252237 Powder |(Pangasiushyp|  olw2of o M@ 3000 018 100%
mmum_ﬁ -
c b HEH(Alaska Pol o
173|  The best XEXI TI4I @2l HELOIC #a uiztel . Powder (MaskaPolyine wellNES. O M s00 100%
LT
174 HEX DGl @212 WEIO|E v P20} EEETE Powder | 12IPangasiug g ioAN ¢ o XX 500 100%
o
176 SeoE MEX N3 #2412 u3 Hame =20l % Powder wetmop  [LESAFFRE INCR o Xt 2000 100%
ES)
o=
180 | XIQIKION REATHKEX MHEIA w3 EjAY oloEE ol powder | (AlaskaPolcenmiaen nur o H@x 300 100%
KCl Trading Ind]
182 EXEX BN BEOIS 3 MEAA F0IMOtOI2 2|0 Powder @i O o :'%"“ o HER 500 7937%




2. HPLC & LC—MS Equipment:

AFeNA Bl gt ARA ofF ZebAl Wekol=e AAH EAZY

=9 ) 2] A, wolud Bx, A% S W A% AFelst 4R

of

SEC—-HPLC (Waters Alliance e2695 Separation Module)E %3}
AT HE71E 190~800 nm PGl B 3 2 F =Waters
2998 PDA DetectorE AFgslSth o EAxS 47 984+ Empower

GPC softwareS A3t}

LC—MS #H]:= ACQUITY UPLC I-Class Al2&®o] ddEo] A7 R
0] 23} (ESI) QIEIHo] AE o] &3l=Waters Xevo G2—XS QTOF (MA, USA)
A B471715% AP #ES ACQUITY UPLC TUV Thermally
Enhanced (Cat.no. 186015031) #H=7]E &3l UPLCiEAS 3o
dolgl 4 9w AH¥E= Empower 3.6.1. 2 MassLynx V4.2 SCN
10184 E9 o7}, HElol= wih 3 dolE] WS 53 5434 PEAKS

studio X AX E o7} ARE-H St}

3. Preparation of QC and calibration standards

mle] MS water® =59 10 mg/ml9 stock solutions W& &

275to] Abg-3kelT,



ESI-QTOF-MsSe A% %9 ®HAS 98l sodium iodide (NaD =
0] 23}3 11 leucine enkephalin®® AAZF BAS R3AAY. Leucine
enkephalin (Cat.no. 186006013)2 WatersAtollA #|3¥  standard®
A3 31, sodium iodides 10 mg sodium hydroxide (NaOH) &730] (=99%,
Sigma—Aldrich) & 50 mL&°] &3A# 5mM NaOH A5E&A& wHEo

Foh, 7 v, 100 ml 39 Zeb4~39 10 mLe 5 mM NaOHE AL &

)
N

% 90 mle olAZEIAFL(IPA)E 3FAste] NaOH standard £HS

= th

2

4. Sample Preparation

1) Tryptic digestion sample

Pre—made buffer 1M Tris—HCI(pH 8)<2 50 mM=Z 3]A&|F0] o] A& 9]

o
([

A4S H59FE solventAES v vk 183 solvent stock 50

mM Tris—HClel 8M £4/5 mM DL—-Dithiothreitol(DTT) S &3f|3to] WA
W3 E FH| S 50 ugll % dideks VlFo R 99 F57F 1 mg/ml7t
HESE 50 wll WA W] FolFE ths 37°CelA 1A17F s<F wjekgitt
G473 g9 Jodoacetamide TAA)E MS grade watere] 5o 30 mM
TEE s Fuh 50 w9 @A sample £ IAAS FHF FEU7H5

mM=Z 3|45 E5 JAA §9& 50 ul H71sko] 25°C A oA 454 7F wlj kst
G A sample €9 Yo EA8tE 249 ¥5E 2MO g W37 98], 100 ul
°] 50 mM Tris—HCI(pH 8)E 4M2 247} EA5F= 100 wlsk™ 4 sample

gl AolEth 100 ug 29 2S¢ EFHA 18fo]ekS MS grade water 200

_10_



ul o] AETHEte] 0.5mg/mL €4S =T olglA £ty EfAlE -

20°ColA 1g-&st Bad & Qv FHgh @i AZe] 20 wlé] EfAlE

.

M

@ gA ¥4 (SPE)

OASIS HLB 1lcc Vac Cartridge (30 mg)E 15 mL falcon tube°] &

i

wH gttt dE] FHEZA S EAsHE 98] 1 mLe] 100% ACNS Hie] ¥i
FA19 ¥ & o] &l resinol whEA A HH3] &AE THAA Frh
ACNo| 38 7tEYAE A58t FAFSE 318 s o s wAsH] 918 1 mL
9lsolvent A (5% ACN+95% MS grade water) S ]9} o] FA7]E o] &3

Ado] np=X] oA 39 FAANAET. FF S o] Fol Xl Arel Eto] =35td

dmd BES 22U FOUF 9wd 4Zo AW vlelam Fud
AEAAE $A sampled FHAA Frh vlo] A2 Fro| WX AEL T
g stEgAe] =Y ATl tAWW AHIL AP ok o] oL,

%

WA AgE FLEZ XS] S 98] 1 mLY solvent AS 3¥ WHEE}o
NG, FFEYAE AR vlolaz FHe 218 =3 70%° ACNS
Adel] Yol wiAute] 7|37} A wj7bx] FA1E gEer Ee §WE
FZsrh oldA A EAT FHA Atol AE #Hol AAR deAntS
EE9 AmE AFEF71E ol &3 25°CeA 70% ACNS EF AT

g7k BF 2uR B 24T wsbx —80°CAAH wu gt

N
=
(it
N
o
]|
)
oY
o
N
N
2
o
o
o
o
:cl){zr
o)
o
=)

09

o
|y
o,
ol
2
M
N
)
O
ME
N



gt

HAES MS grade waterZ o] MZ2 5%7F 2.0 mg/ml 7}

St3o] FUh Vortexings €@l 7HrEs Fis| oI+ Us centrifuge®

d
=

EE samples o2 AlAE. o€ A 8] ¥ sample2 AdvantecA} cellulose
acetate membrane filter (Cat.no. 13CPO20AS) & A}-g3lo] Qo2 Ho|:=
o] EAS Ayl @A fEfol =55 A ST, JAE sampleg A&

93l insert viale] WAE glass vialell 100 ul ©]% 22 EF3c}

. HPLC Experiment

Size exclusion chromatography (SEC)E &3 A8 xS 54351

93l size marker standardE o] &3l 7zt elution timeol d Gt A 2

N

7z
A
2

48 WHEo] FQlt} Isocratic ©]542 1X PBS (pH.7.4, HanLAB) &

4

11 seal wash®} needle wash+ 10% ACNZ} 50% ACNS ATt

o

2 TSKgel G3000SWXL 7.8 mm LD x 30 cm, 5 umE o|&3 o

i)
falta)

E5E 26°CE AT 7 AES AA HEFYS 20707 total
injection vol.<> Z} sample® @A <Fo] 10 uge]l =o7te5 A5

PDAZRZ7]9] #4e wude] FRE2 S8 5 9220 nm® 280 nm=

6. LC—MS/MS Experiment

LC—MS/MS+= 7|t ool o|23} HEA7] EIEoA “sensitive” mode
dolg 32 Adste] £42 dolgivt. et A A9 Ay dAA oA
e Gl o] dolHE A% fdl m/z 300-2000 A WHATF

<

e EY 2 AL &

ex 83 g3 2EE 742} 25V, 150°C 2
A

flo

7b AREERIAL 2 7k 752 50



L/hol 3t F& 7FAE S of= o] ARREGlom, oA o] &35 98l T=&
YA += LM CE2} HM CE Ramp Start+= 6—65, LM CE ¢ HM CE Ramp
Endi=  9-85Ab01¢]  xgke  o]gshilth. #42 dA AW REefA
FeE G om MSAM AR 0.2%, MS/MS A2 Al7H-0.1%2 317g 8kl th,
FHAstE MS 2719 A=k e r o AddS ®wAdsk7] 93l 200 pg/ml leucine
enkephalin (¥°]& mode: m/z 556.2771)& 10 ul/min® F%° =2 lock

spray & AFE3F T} LC gradient &4 %72 Table 2. ¢ &t}

_13_



Table 2. LC—MS/MS gradient conditions

Flow rate
Time (min) % of A % of B Curve
(mL/min)
0 0.20 100 0 6
2 0.20 100 0 6
92 0.20 55 45 6
94 0.20 55 45 6
95 0.20 10 90 6
97 0.20 10 90 6
98 0.20 100 0 6
120 0.20 100 0 6

_14_



7. Database Search

tlo] o] 2~ UniProt HoJE Mo Ao A 2} of 7o Zepall &S e st
A E ek dolE e PEAKS Studio X & AR om 4 2702 &
Q7ML zH7) e sl 7F dojd = Sl 7HgSko] “all amino acid’'® A7 3T
HFepol= AEZE g PEAKS search 7]5°] AFEEITh  dolH
eI HEE= min charge state 1 ¥ max charge state 3 =, error
tolerance ¥+ A+A 20 ppm ¥ fragment ion 0.5 Da o= A3t}
Digestion mode + unspecific 7¥]31 maximum missed cleavage per
peptide += 10 92 AHMHEsFY. Z2bAl post—translation modification
(PTM) ol 7Fg wo] dojuh= F 7FA] ofn|Abe ZE- Y glo]ilo]t
(Figure 1.) ZI1# 2=, variable modification (max PTM per peptide: 3)<
2 EHY go]al 719 hydroxylation (15.99 Da), hydroxyallysine (14.96
Da) 7} allysine (—1.03)9] 3¥38t% it}
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Figure 1. Collagen’s most common PTMs *°
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Figure 2. SEC molecular distribution of each collagen (220nm)
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2. LC—MS/MS 5o]A4d &4
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25ColA WSS Az w@eAEe ffRE Rl HA gol TIC
spectrumoll A W3 E peakso]l #EEA 3t 25-30 HFF AIFRT)
Atolel] EAt= peaksS A FHA ¥ trastuzumab®] intact formCS. =
AT 9, 37T 27X WAARESS X3S trastuzumab> TR
HAefol= ez Ha 7t o] 6-33 RT AlelA th=9 peakSo] #2H )
o] data® 7|WFC.® UNIFI AXE9o] Yo EA|8k= trastuzumab AQ
library ¢} Blaste] mMjF &S gela] ®otrh (Figure 4.) 25T ME2 33
78%9k S 7T0% AMUAE F 73%2] FAAL AMYAE BT v 377
MELZ A3 100% ANEA 283 FH 90% AWIAE Holow F
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HHEA O R 93%2 F43 A ES Hol Fu} o= Ea 37Tl WA
sheIRk-go] @ ol Fajlof o A3t =SS gl 4 ISl
-2 LC-MS/MS £42 98 23t digestion T2l ko] HA7kS 2H7]

&

gl gl EFAl] H]EL 112002 o] 16A)%F HESAlA FQUch wpA ek
AFRA 7)o o7k FElo|=o] T2 BF 5 ugo® 1P} Figure
= b7t beEEE trastuzumab®l coverageE UERUQTE oA R

= A9 £F 9ud Pero| =0 Eio] FojSo} Y

1= [e] L=<}
HEFo] ARG, A28 02, 90%°142] coverages e @A & A4S
A&t A Aol 100 ug ©1d 2 2.3kch

HRaE Fee B4 REh e Beelme FAHC gk 1en
o7 el =8 AT ERA PAEs e DAty Bl o A

Aerol=z BAAL. olUA AsRAS AW 2o EFED F7b

!

aakes AAA &2 FIHA AIRE 7HA L fEelE Wi 4l
Figure 6.9 4ol Q= AESS HluwEAe oldd =2 de novo
processing H|°]E]E local confidence% Xtz vd3t AzksEo|).
PEAKS 2292 de novod@e Zb ofvlidbe] ofsh AL HA-E
getst=d, Ao HeE 0%NA 99%7HA AR Y. 183l de novo A
HAefol = AdE ALC(Average of Local Confidence) A= H7pHt}
ALCE A ge] x3d BE ofu Ak local confidence 52 3 gholtt.
upebA], AA| A S 2 tryptic digested ZEHAl #1637} #1352 digestions 314

o ZTepdEu AEE ofn Akl Jiee A AN 90%0]/do] H= local
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Figure 3. Pep—map of trastuzumab peptide with 25C (a) and 37C (b)

denaturation temperature.
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(=) (A)
t1t0%0 i JGORVT 1 TCRASODUNITAVARTX ARSI ENEEVRSIESa G TD  FTLTISSLOP  EDFATYVCY
yottots | HYTTPPTFGQ GTKVEL
1:181t0 214
211090 ED
>ortoim0 | TAVYYCS TSG GTAALGCLVK DYFPEPVIVS WNSGALTSGV HTFPAVLQSS

218110270 | GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKKVEP KSCDKTHTCP PCPAPELLGG PSVFLFPPKP
227110360 Is
236110450 LTVDI

e | s W
TN 1

11t09%0
1:91t0 180
1181t 214

211090
29110180

218110270 HTCP  PCPAPELLGG PSVFLFPPKP Kj
227110 360 2

2:36110450

Chain 1 (100% coverage)

e s (RN 1) N N

Figure 4. Total sequence coverage of trastuzumab with 25T (a) and

37T (b) denaturation temperature.
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21109
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227110360
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(A)

DIQMTQSPSS  LSASVGDR TS AROORE BBBLLIVS ASFLYSGVPS RFSGSRSGTD FTLTISSLOP EDFATYYC
HYTTPPTFGQ GTKVETKRTV AAPSVFIFPP  SDEQLI
EBRAOYEKHK  VYACEVTHQG  LSSPVTKSFN  RGEC

SSRGS IR SRR VRO PCKCEENVARNRIRINGEN 1 ADSVKGRFTI  SADTSKNTAY  LQMNSLRAED
TAVYYCSRWG GDGFYAMDYW GQGTLVTVSS ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS

GLYSLSSVWT  VPSSSLGTQT  YICNVNHKPS NTI EP_ KSCDI
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RFTI SADTSKNTAY LQMNSLRAED
TAVYYCSRWG GDGFYAMDYW GQGTLVTVSS ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS

GLYSLSSWWT VPSSSLGTQT YICNVNHKPS NTKVDKKVEP KSCDI
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TPPV  LDSDGSFFLY SKLTVDKS
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5 (9]
11t0 %0 ITC| FSGSRSGTD  FTLTISSL EDFATYYC!
vovtotso | HYTTPPTEGQ  GTK]

1:18110 214
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2271 to 360
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Figure 5. Total sequence coverage of trastuzumab with 10 ug(a), 25

ug(b), 50 ug(c), and 100 ug(d) digested proteins.
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Figure 6. Table of residue local confidence% for tryptic digested #16

(a), #135(b) collagen and un—digested #16(c), #135(d) collagen.

Table 3. Total number of de novo peptide identified for #16 and #135

collagen with different pretreatment.

Collagen Pretreatment # of De novo
# peptide
Trypsin 97
16 yp
- 3317
Trypsin 125
135 yp
- 2523
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Fefol = FElE e C18 11742 peak capacity (Pc) & 748k 735t
o] oy oo]HE et JEEE W ESI-MS 9 ¢ # 335 = 79|
ol dAoltt. Pc v HEE AZFRT) el BXEAE] &E2lE & e

39 HAd AF5E dmat O g B AR ARA ek 24
HAstd AdS 7] & Aol E#E 9%t charged—surface
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Aog delx Uty F7HH 08 CSH & FA o)L #Hojgo] th3t &7}
JA3] o} =7 27HE MS ofEZgAclMde] oA Ayow
HauEdeh, 2 Aol 72 A peak capacity & Stistetr] 91 0.2%
FA & X33t o] 5AS o] 839, 2 AIZES] gradient 2 #11, #23, #180
Fels vlw EAFT FUHEeR, HElel=e IgEn 9a BYgE
MAEL7] Y3l 60°C 2 AH2 =5 DAt} Figure 7.9} Figure 8.5 &3
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2 add FEPo| = A E2 PEAKS software & §3ll database searching ¥}
De novo searching & 731 A3tgkEoltt o] = HolE g3le o 489 =
Hepol= M E 2] 7= BEH C18 A4 &E50] o BWato oy #42 &<l
de novo ALC% #& 715o 2 49 20%2 dHoleErt =43 43 CSH
C18 = A AEML a7k o Bokoh #11 2 126 70, #23 = 26 70,

83 #180 = 73 /M AME J4 Aol CSH C18 AY e 4 ado] o
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Figure 7. TIC comparison between CSH and BEH of #11(a), #23(b), and

#180(c) collagen.

_29_

; Time.
5010



1 ToFuSESH
nc
EHE

/

\

‘

il

221020 Catagen 11_20ug 0O o
o e
- By oy
| 5% 5 e L . )”F e | ns e
| - e ,\ M e i = i ‘ f
\ hrasse e W3 )| 2102 F
| Ao ey J | WA | s 120 o | e | A e
| m ‘ I\ \ s | | RAWA 1 & . W I / T e
| ' \VATR (' w1 | \ I f Y law ‘l?*ﬂ!r‘-l\
CSH =+ ’ L“ \ H‘JL‘&J'- R : ‘ \. w .‘N \ I‘JJ‘ U.Hw
N N Ay \ / X ) \ /
u\.J lbyt ¥ k,J\J\(’ A v‘“\ ¥ V
NN TS ¥ ~ l
~ =
\ \\ A S \\ ~ \
\ v N N \ S~ S
\ e N i, 5 ~ N
W A" W T R [ ™ ) PV aaaRege™ e A )
12 catageatt 20gBEH 'y \ T ToF us ESe
o Y 8 3.5 N S um i
N ~ v
1 2 3 5 6 F] o ew
\ N N . +\ 2
p S e ¥ T
- - 2 Y\
e f' g e | l le;“
BEH [« wo Mv:n“\‘ a5 A WL ua 9 e LER an | [ #\ |
s P / \
ﬁ,‘ o La o \ 1 VWA Wil J\ﬂ\.s ;.\.ﬂ 1 J‘J \ f IVAY. \/
/ . ‘J' U VAV YA Ao VIR VA
| fj \ ’ 4 -
Tims
1 o) 3 Py (5" £ e % 1% £ T Py e %
B 231020_Cotogen 23_20ug 0D topts 1 ToFMs eSS
= 2 "She
e aser
f
b w;an ms AR . 21
s mar \ w/v»\/ \WL‘” ,,\ uo \ b /\ AN 08 usn
/ AW SN \
s \ SV |\ \ o) | 2z ua
P AT \ - - \,\/ / \ ) [Bue
7 \J |7 -~ \ W / A
CSH ' ° N A g
\ N\ R
\ \ S
\ Ay S
\ \ T
\ \ NS ~
- .
1, 2 A .6
N \
LI v P oo o i e e bl S iR
23121_cotaqu_200g BEH \ \ ~. et T ToFMs ES-
0. \ \ W o, e
Gole7
\ AY
\ s NN | ar g wsz URDO g N\ 2m a
et 1730 12 ¥ zvsA{ 2
N . e [\ w102t "-\ '\ o \ jen f\ f\; Vv \F
o %O e s LAY V T \)\ \/ W
- A w22 o N #
BEH - fv’\/w r\,mu;s, \o N 3 1 u
S -~
o T rrrrerrr——— petrne Time
T R T T T o Y R M T i e i et
C 231012_Colagen 100_20g 00A 1+ ToFusese
0 85307
a1 an
N . — mens  am an
o \i A Al A 2 AN A 281 A
LR AN A PTIWASY 4N M
2z 7~ ,\,-\u_ S, ¥ v Va4 i
o S NOAL - ~~ M~ /L
|/ RN ~ N . ~. il i
CSH -+ Ses T D
~~ ~ b T
12 "3 T4
RPN Sea -
\"\\ s
S ~.
2000 2050 2100 2150 22400 G0 250 S 850 T %00 s 2650 e
231122_collagen180_20ug BEW . ~a ~—_ 1 TOF MS ESH
100 P T ~ “n L mme
28 A ~ ap - PN YaU AN
~ MY j\ /\ o P ;\n \ /
) ‘a.os 2034 . il \,
TRy f\ o \ 1458/ P
2030 \ i v / 0 R
BEH |=e/~ ¥V R 24 e .
SN ,\‘\.
/
T ps T T T T T T T T T T - T T T T T Time.
5 20 AR P e " M\ M Y =5 P

by
2000

Figure 8. Corresponding RT peaks from each collagen peptide. Each line
represent change in the elution time of each peptide. (#11(a), #23(b),
#180(c))
~30-



Tabel 4. Number of total peptide ID from BEH and CSH column analysis.

Collagen # Type of Total # of peptide ID Total # of credible peptide D Total Denovo search  Credible Denovo Total PEAKS
column (ALC% 2 50) search search
(ALC %2 80)
BEH 2344 232 2203 91 141
= CSH 2290 358 2227 295 63
BEH 3107 239 3000 132 107
B CSH 2432 265 2380 213 52
BEH 2377 288 2169 80 208
180 CSH 2315 361 2153 199 162
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wdol 29 datdgs A7V H8 2 AE2 0.1% FAS 72 S x3
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Figure 9. Pep—map TIC obtained from different mobile phase (0.1%FA,

0.2%FA included water and ACN) of #180(a)and #182(b) collagen.
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Figure 11. Venn diagram of all 5 types of fish collagen peptide
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Table 5. List of overlapping peptide sequence

Total
Fish Origin overlapping Peptide sequence
peptide
Carp, C9d, Pollock, 1 HPGL
Tilapia
Carp, Cat.f|sh_, Pollock, 1 RPP(+15.99)GPA
Tilapia
Carp, Pollock, Tilapia 1 ARPK
WGGAQ
Carp, Cod, Tilapia 3 RGAGEK
GGAWK
Catflsh, P?Ilock, 1 GPRL
Tilapia
Catfish, Cod, Pollock 1 RSGPA
GDSRK
Pollock, Tilapia 2
KP(+15.99)GPAGPR
LGPAGPR
Catfish, Tilapia 2
RPAGPA
Catfish, Pollock 1 WPGPK
VGAAAR
RPAGPAGP
AGPLGPTG
Carp, Tilapia 241 LGAK(-1.03)R
AGPSGPAGPR
LGPAGPSGPAGPK
Ect.
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Table 6. Specific peptide sequence in each fish collagen (Tilapia, Catfish,

Cod, Pollock, and Carp)

Fish Origin Peptide Mass mjz Length PTM
AKGPLGPR 794.4763 398.2393 8
ARPAGPA 638.3500 630.3593 7
ASGPKPR 711.4027 356.7021 7
ATGETGKAGDK 1033.5040 517.7576 11
CP(+15.99JLLLGL 743.4251 3727133 7 Hydroxylation (PK)
GPAGPRKPGPA 1003.5560 502.7786 11
GPKWPGPK 865.4810 433.7486 8
GWGAQ 517.2285 518.2427 5
HSK(+15.99)GY 606.2761 607.2915 5 Hydroxylation (PK)
KGEGPAGLA 798.4235 400.2132 9
KPVGPAGP 7214122 361.7067 8
KWAPGPA 7253860 726.3973 7
LTGPR 5423176 543.3305 5
NKGP 4142227 4152310 a
PGPPGAP 591.3016 592.3195 7
PGPVGAP 593.3173 5943310 7
QALGPAGPT 810.4235 811.4150 9
RAGA 3732073 3742162 a
RAPAGPA 638.3500 630.3638 7
RGPAF 5452014 547.3055 5
RGPP(+15 99)GAGP 723.3663 7243816 8 Hydroxylation (PK)
RGPP(+15.99)GPAG 723.3663 362.6932 8 Hydroxylation (PK)
RLP(+15.99)GF 6043333 605.3447 5 Hydroxylation (PK)
RP(+15.99)GGR 557.3083 558.2998 5 Hydroxylation (PK)
RP(+15.99)GGVGSAGPQ 997.4941 499.7631 11 Hydroxylation (PK)
RPAGF 5452014 547.3030 5
RPAGPAL 680.3969 681.4082 7
Tilapia RPSGPAG 6403292 6413423 7 _
RSP{+15.99)GAT 603.2976 6043113 6 Hydroxylation (PK)
GPVGPP{+15.99)GNLON 1064.5250 1065.5100 11 Hydroxylation (PK)
GEPGNVGPK 853.4293 4277173 9
RGAPGPAGP 778.4086 779.4167 9
GVAGPQGPAG 809.4081 810.3864 10
TGPIGLPGPA 878.4861 440.2440 10
TGPKGETGTPG 1000.4830 501.2502 11
PAGSPGDKG 7843715 7853621 9
AP(+15 99)GIPGPAGPK 976.5341 489.2658 11 Hydroxylation (PK)
AGPAGPAGAP 7643817 765.3726 10
RGPAGAPGP 778.4086 779.4163 9
IGLPGPAGPO 905.4970 453.7463 10
AVGPIGAPG 737.4072 738.3906 9
AAGAPGPMG 7273323 728.3452 9
VGAPGPKGNNG 966.4883 967.4803 11
GAPGRPGRP 863.4725 864.4824 9
GPRGPPGLPG 903.4926 904.4777 10
GPK[+15.99)GAIGPAGS 926.4821 4642441 11 Hydroxylation (PK)
GPK(+15.99)GAIGPAGS 926.4821 4642441 11 Hydroxylation (PK)
K(+15.99)AGPAGAPG 7403817 7413668 9 Hydroxylation (PK)
APGIP(+15.99)GPAGPK 976.5341 977.5204 11 Hydroxylation (PK)
SWPGPVG 698.3387 699.3493 7
RGPAGAPG 6813558 682.3687 8
VGAIGGPY 668.3857 335.1965 8
KGEKGEQGAP 999.4985 5007474 10
RGAPGPAG 6813558 682.3690 8
IGAPGPVGPPG 917.4970 459.7596 11
GEPGOKGSK 886.4508 B87 4384 ]
GPRGLPGPPG 003.4926 904.4778 10
Fish Origin Peptide Mass m/z Length PTM
GALGPAGPR 794.4398 398.2188 9
IGPAGPR 666.3813 334.1887 7
Catfish LGPP(+15.99)GPP(+15.99)GPA 890.4497 891.4396 10 Hydroxylation (PK)
P(+15.99)GPVRK 668.3969 335.2103 6 Hydroxylation (PK)
QLGPSGPP(+15.99)GAP 992.4926 497.2498 1 Hydroxylation (PK)
WLGAA 516.2697 517.2745 5
WSGPQ 573.2547 574.2618 5
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Fish Origin Peptide Mass m/z Length PTM
ADGLL 487 2642 4882657 5
AGLLGVGDE 820.4181 830.4210 g
AVALGEROA 913 4981 457 7464 g
CPGLGKGF 777.3843 778.3922 8
DGETL 4041907 405.1926 4
EP(+15.99)SY 510.1962 511.1976 a Hydroxylation (PK)
ERGPAGPA 753.3769 754.3833 8
FLRMF 712.3730 357.1872 5
FSGLDKK 793.4333 397.7193 7
GAPGFGAAA 717.3445 718.3507 9
GFLGPKG 6743751 338.1858 7
GGP(+15.99)GPOGPKGAAGAR 12926580 647.3347 15 Hydroxylation (PK)
GLSW 461.2274 462.2331 4
GLTGLAGPA 755.4177 756.4073 9
GPAASPGPM 783.3585 7843711 9
GPAGLRPGA 794.4398 398.2181 9
GPLGKSGP 711.3915 356.6962 8
GPSGPAGAAGA 811.3824 812.3915 11
GPVGKWO, 770.4075 386.2156 7
GTLWR 631.3442 316.6823 5
HPGLDGAK 793.4082 397.7155 8
K(-1.03)QGEHGAAGAK 1051.5050 526.7525 11 Allysine
KP(+15.99)GFLOR 860.4868 431.2446 7 Hydroxylation (PK)
LGPKGPSVS 840.4705 421.2350 9
LGSDGAAGPE 871.4399 872.4307 10
LGTDGGAGGK 831.4086 416.7036 10
LGTDNAGGE 831.4086 416.7036 9

Cod LEPLPGPM 851.4938 426.7478 8
LPGAKGDSGPAGPK 1250.6620 626.3374 14
MELK 518.3250 260.1699 4
MPGME 562.2607 563.2631 5
NLGALGPK 768.4493 385.2252 8
NLGESGRVGVV 1085.583 543.7943 11
NYDEYVE 5929.4130 4657123 7
P(+15.99)AGGRGGPGS 827.3885 8283854 10 Hydroxylation (PK)
P{+15.99)ESYTDH 863.3297 432 6766 7 Hydroxylation (PK)
PGKPLGSS 741.4021 3717010 8
PSPGMPGDL 869.3953 870.4064 9
PVGEPKLE 737.4799 369.7401 7
QCGPKG 588.2690 589.2744 [
OKf1.03)GEHGAAGAK, 1051.5050 526.7527 11 Allysine
QLGFLGAR 860.4868 431.2423 8
RMGPN 573.2693 574.2789 5
ROGL 4722758 4732871 4
RSGAP(+15.99)GF 706.3398 707.3540 7 Hydroxylation (PK)
RSGAP(+15 99)GFLOR 1103.5840 552.8091 10 Hydroxylation [PK)
SGPKGSLGAR 928.5090 465.2548 10
TGPGK{1.03)T 558.2650 559.2678 [ Allysine
TLWR 5743227 2881694 4
TSIGPAG 601.3071 602.3076 7
TSMGM 525.1927 526.1978 5
VLGPVASSAAG 927.5025 928.4890 11
VSAGDDGAKGE 1004.4410 503.2246 11
VSAGDNGAKGE 1003.4570 502.7293 11
VSGALGFL 762.4276 763.4139 8
VSSGVK(+15.99)GE 777.3868 3896943 8 Hydroxylation (PK)
WGEGAA 460.2070 451.2146 5
WPGVEK 585.3275 586.3372 5
WSGEAGPRGD 1002 4406 502.2309 10
WSGEVE 575.3067 576.3147 5
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Fish Origin Peptide Mass m/z Length PTM
ADINGAI 672.3442 673.3331 7
ADKICYL 8244102 825.3905 7
AGNLAHAGA 780.3878 7813777 9
GFIGIQO 761.4072 381.7032 7
GPAW 4292012 430.2067 4
IGIGAAY 599.3643 300.6840 7
K(+15.99)HGGGPA 638.3136 639.3263 7 Hydroxylation (PK)
K(+15.99)PAATGA §30.33365 316.1707 7 Hydroxylation (PK)
KPAATGA 614 3387 615.3363 7
LMIGGFGN 807.3949 808.3873 3
RVGGA 458.2601 4592671 5
S55555LK 694.3497 695.3511 7
STOHAOLK 8274137 828.4041 7
VK[+15.99)IGAPI 712.4483 357.2252 7 Hydroxylation (PK)
VE(+15.93)IGAPIN 826.4912 4142463 8 Hydroxylation (PK)
WRANAVNOP 10545310 528.2600 9
Pollock WVGPQ 585.2911 2936542 5
ADINGAI 6723442 673.3331 7
ADKICYL 8244102 825.3905 7
AGNLAHAGA 780.3878 7813777 9
GFIGIQO 761.4072 381.7032 7
GPAW 4292012 430.2067 4
1GIGAAY 599.3043 300.6840 7
K(+15.99)HGGGPA 638.3136 639.3263 7 Hydroxylation (PK)
K(+15.99)PAATGA §30.3336 316.1707 7 Hydroxylation (PK)
KPAATGA 614 3387 615.3363 7
LMIGGFGN 807.3949 808.3873 8
RVGGA 458.2601 4592671 5
S55555LK 694.3497 695.3511 7
STOHOLK 8274137 8284041 7
VK[+15.99)IGAPI 712.4483 357.2252 7 Hydroxylation (PK)
VK(+15.99)IGAPIN 826.4912 4142469 8 Hydroxylation (PK)
WRANAVNOP 10545310 528.2600 9
WVGPO 585.2911 293.6542 5
Fish Origin Peptide Mass m/z Length PTM
AAGPAGNN 670.3034 671.3239 8
AAGPAVSVHI 920.5079 461.2584 10
DAPGNVGPK 853.4293 4277173 =]
GALGPQGPVG 851.4501 426.7239 10
GHRGPIGO 820.4304 411.2130 8
LGGPP(+15.99)GPAGPK 962.5184 4823581 11 Hydroxylation (PK)
LGPP(+15 99)GPAGPK 905.4970 4537480 10 Hydroxylation (PK)
PGAAGPAGPK 821.4395 822.4301 10
Carp TGDPGPVG 698.3235 599.3392 8
AAGPAGNN 670.3084 6713239 8
AAGPAVSVHI 920.5079 461.2584 10
DAPGNVGPK 853.4293 4277173 =]
GALGPQGPVG 851.4501 426.7239 10
GHRGPIGQ, 8204304 4112130 8
LGGPP(+15.99)GPAGPK 962.5184 482.2581 11 Hydroxylation (PK)
LGPP(+15.99)GPAGPK 905.4970 453.7480 10 Hydroxylation (PK)
PGAAGPAGPK 821.4395 822.4301 10
TGDPGPVG 6983235 699.3392 8
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ABSTRACT

Identifying important biomarkers in low—molecular weight
fish collagen peptides through LC—MS/MS to differentiate

the origins of collagen.

Minyoung Woo
Department of Next generation Applied Science
Graduate School of

Sungshin University

Collagen i1s the one of the most abundant proteins in mammals.
Therefore, edible collagen available in the market is mainly produced
from the skin of cattle or pigs. However, recently there has been growing
interest in marine collagen that does not contain mammalian components
due to concerns about disease transmission and religious issues. Among
marine collagens, fish collagen has the highest biocompatibility with
mammals, and therefore has been widely implemented in use compared
to other marine organisms. Accordingly, in the collagen industry, there is
a need to identify various species of collagen for product certification.
Reliable species identification of collagen samples is crucial for detecting
fraudulent mislabeling. To achieve this goal, ELISA and FTIR can be

used for peptide authentication. However, for collagen, issues related to
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false positive and negative results, inconsistencies, and low reactivity
have been observed with ELISA and FTIR methods. Therefore, we
developed a selective LC—MS methodology for collagen species
detection and used SEC analysis to confirm the actual size of each
collagen peptide. As a result, we identified peptide biomarkers for each

of the five species of fish collagen.
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