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Development of mass spectrometric analysis of
o(I) and a,(I) chain Collagen

Kwang-Yon Kim', Seon-Young Cho!, Sang-Han Leé?,
Hae-Seon Nam® and Sung-Ho Kim'*
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a2 77 Bt tigsle], AR oz A A9g o] gtk B APdAE 1198 AN ne g T AR
Zp A&l s e A 2Ho] /15d EYA B gold BEe)es) HFAZF FHEA(MALDI-TOF MS)&
ol g3l Fehilat zztsld ZEAS EASL ol olunil AL AEIRHAI A AFRAH(Q-TOF MS/MS)
o2 #ste], AR Fof FHA] EF/o) UiF YRS #sie], MALDI-TOF AHEAL o83 Fepdl BAo)A Zaha
o FFHE A 45T F e WEe AN ZA QY. Fe HdN Beld ZeAe SDS-PAGER Bl Az 107)
9 bandE ¥& F SIAEH, ZE& AEE MALDITOF MSE 315t 7} bandd] Aest BAFE AR 4 AUk
SDS-PAGE}] 107H¢] ¥2]¥ bandell tal z}zt tryptic digestion & MALDI-TOF #2242 433k A7 4709] banddl
A type T F29] o-chain W] fragmentd! Glyl1056-Argl073S 818 4 AT, 5712) bandol A type 1 ZA] -
chain W2 fragment?! Gly985-Argl0028 ERslct. 243 Ze}zle) 7lwago s Qg JiE= fragment & %] &
LABAT, 89 fragmentS T3l Hol= 7702] bandolA = type 1 Sehdlo] =ARL G 4= AT, A T F
7 fragment®] o}t ME-E Q-TOF MS/MSE #4138 A3} MALDI-TOF MSOIA9] ol & Ax3He 8T 4 e
™, °o]€ T3 #ANE F fragmentol 2% peaks AFLF 3t MALDI-TOF MS 2 Ao AlZUlS] type [ Selzile] &4
S 94 T 5 YLL B S YA

Abstract Collagen is the important structural proteins in mammals with various peptide composition and cross-
linkings. The direct analysis of collagen protein was not suitable because of its structural complexity and diversity. In
this study, we suggest the simple way of collagen analysis by introducing matrix-assisted laser desorption/ionization
time-of flight mass spectrometry (MALDI-TOF MS) to identify the collagen and its trypsin-digested fragments, and by
subsequent time-of-flight tandem mass spectrometry(Q-TOF MS/MS) to analyze the amino acid sequences of identified
fragments. Using the collagen samples extracted from the tail of mouse, 10 separated bands were found in SDS-PAGE,
and the masses of most bands could be more finely determined by MALDI-TOF MS. When each 10 separated proteins
was tryptic digested and introduced to MALDI-TOF, the Glyl1056-Argl073 fragment from o;-chain was identified in
four bands, and the Glyl1056-Argl073 fragment from o,-chain was identified in five bands, both in type I collagen.
Although few fragments were found because of the cross-linkings left in digested collagen sample, it could be
determined that the type I collagen existed at least in 7 separated bands. When the amino acid sequences of two
identified fragments were analyzed by Q-TOF MS/MS, both sequences were identical with those determined by
MALDI-TOF MS. It suggested that the two peaks in MALDI-TOF MS caused by the fragments identified in this work
could be used as the fingerprint to simply identify type I collagen in protein samples.
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(D) % ax(h) Ak FERIe) AR e A
.M £ FERl AfolM FEHE EelE F gel M A4

e IREES sk AR auEe) ok 30%
AR 8= 2 (structural protein)® A, skin,
bone, cartilage, tendon 5-9] AA| 24 (connective tissue)
et Q1A= e Beld EAa d9gu
Dl Bk} 2o BB BN Hojsie
¢ A (fibrous protein)°|TH1, 2].

AL A A4z wud FFd
T Jel9 a-chaino] EAI3HY o] 5] %3l 23]
type I-typeXVIIY| ©]|2:= B2 59 Fellge] o
A==H[3], o1 ¥ M9 oy-chain® & /9] o,-chain
L2 o]FolA Q)& type I collagen- skin, tendon, bone
SollM 2AEM A5k collagen & 7H B vlE
< AARG4-5. =3 ZA Uode o)@EF
(disulfide bond) %= 442 $H(hydrogen bond) €<
B2 7k A% (cross-linkingye 7HA AL Y=d], o]H g
chainZ} 7t ZA$e Febe] 7]A1A, 3187 A A9
E5AE JelA gtd6]. ol& tharst 58k - A&
2 BAER Q8] FEle 130t Balsla £571 o)

Faiy.

e

o Feplle] AR 2 FEEA AT gol AR E T
ATt FE type 19] F2E =iy 2EF FHo| @
ol F&3 ETL o, ¥ q,-chainse] A 2
7]”% waled st o= A7, 8]. &9
g FAshe o RE EE 34 H2nET
314[9],8 S-PAGE[10], X-A ZH3]HR[11] Tl ©]
9o} gtovt, FEple] % 2 AES FyFew
Y] oL 2 MY A wma BEioin
olzigh A& wui o) %@,oﬂ AoiA] FHZ AGRA

W (mass spectrometry)°] %o o] &5 3 git}[12]. E3
WEYA nE dolx YHolest M7 Ao
H (Matrix Assisted Laser Desorption/lonization Time-
of-Flight Mass Spectrometry, MALDI-TOF MS)2 7]
f AAEA el M E FEe EAGF HRE AT
& 93, ek AR R tire) AlgEle) Jks
AHE AT Qe 13-15]. 3 olesld Bap &
A A 7Ed BAS ASSA) B417)(quadrupolar
analyzer)s B3l AEg & 0|5 5 Fof s o
ZZY8}(fragmentation)A| A 015 F74E2 FA#S H|g)
AZE EYE S8 2Asks Q-TOF MS/MS A8 2
FEA Y (tandem MSY2 53 FExjo] thgh opm)ieAt

o

Jim

=

=

Ad B4 Tl gy -$-8E Q16 17].
2 ATores S84 24 2 Folo] MALDI-

TOF MSE =98lxa} sttt o) ez By g
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F Az Bt Egd 7] gEs AT F
trypsing ©|-&3} digestion2 F33}] MALDI-TOF
MS 2~HEZH AdlA digested fragmentES #-2]3l%,
gto1g fragmentSol i8] Q-TOF MS/MSE A&l
Z47ke) oAt NEE BASALE olF Bl AR
Z9 FEle) R A ARE glsty, FHA
B0 A MALDI-TOF AZFRAS E3)] g-chaind =
F Fol 9 ojd W& ANE EFe TFE 44 9=

(< =
&k A= i o
k3 0l v O

T T oM AN Bt} sFET).

2.4 #

21 dExiz ¥ Al

B ArdM e #9 Al & 2 AAS Fo3A
£ ARB-ERTh. B Aol ARSgE Acrylamide, NN'-
methylene-bis-acrylamide, Ammonium persulfate, Tris
(Trizma base), Sodium dodecyl sulfate(SDS), Dithio-
threitol(DTT), TEDED, Tris Buffer,
blue, Coomassie Brilliant blue R 250, Ammonium
bicarbonate(ABC), Trifluoroacetic acid(TFA), Glycine,
Formic acid(FAYE Sigma(U.S.A)°|1 A4, sinapinic acid (SA)
2 Aldrich(US.APIX 74313t Trypsin(sequencing
grade modified), Standard marker(SDS-PAGE standards,
High Range)= Bio-Rad(USA A 48T 8l
Methanol, acetic acid glacial, acetonitrile(ACN)S 3L
TE SulE ARt

Bromophenol

2.2 AlEYY
2.2.1 A2 A
#Y w2 B)FE 7

[e]
/g\l‘_ T,

70% alcohol®f]

A 5E7F A& Y AElE 150 mm petri dishell &
I AFEE A I EolMEE 10 mm HHLE

SRS Arsiact dHeR HEEg Bo] &YH &
Al d/rt wek Skt ol§ ddsle tE
dishel E°] A& 0.1% acetic acidol] ©ZEoH,

AT
Ao =

Jo sl Tl

petri
o
=it} @ mhely

wir=
£ Ze71(50~70 mg)S 100 ml acetic acide] & Bl
&7 T 4°CollA magnetic stirrer2 244 7F RHFS}A
EP o] g 2000 rpmellA 2027+ D4 e 3 A

) [Ke]

?;o__
< =

&7 4°Col A AAerat.
2.2.2 SDS-PAGE
o] malolM &

o Fo]3L 100°CeA] 387k

71 913+ 5% stacking gel?} samples

3 Z2AS SDS sample buffer

el £ MEE loadingdt
1=

AR 2o



48714 3= 1A Al6d Al23., 2005

317] $13F 6% separating gel2 ©]F0] discontineous
geloll standard markers} 4°CollX %43t sample collagen
E 27 15wy loadingdtth. Standard marker®2&
myosin(206,676 Da), p-galactosidase(115,757 Da),
Bovine serum albumin(98,003)Da, Ovalbumin(54,604
Da), Carbonic anhydrase(37,390 Da), Soybean trypsin
inhibitor(29,559 Da), Lysozyme(20,336 Da), Aprotinin
(7,036 Dayg AM&-81]t}.

2.2.3 In-gel digestion

Gel 4] 229 bandE A ZebA 200 ul tubed]
& F FRFE AMEIA gels AoFET. 30%
methanol 0.5~1 mI2 gel bandE 4 o1& 3, 50% ACN/10
mM ABC 100~200 plE 71t gel9] colorS £413]
AAGTE. 4FHE AASNL 100% ACN 7Feld
squeezed ¥, Speed Vacl 2 ZAXRA|7Ith o7l
Trypsin 50 pl(Trypsin®] 80 pl res.buffE 713+ &, 50
mM ABC £ 1/20 34)E 7114 3087 WAED
g o 37°ColA 162417 wiEIA T YAEEF A
d-& st 50% ACN/0.1% FA 50 wE 713t ot
Al FAERE, AEAE FE. ol AF e 231
HHEBle] = 200~250 ple] £9-2 AUt o] Speed
Vaco 2 4713 A2 T B3R s

=
S

2.2.4 AR

MALDI-TOF MS #X]= Voyager DE-STR(Perseptive
Biosystems, USA)YE AM-3}%919.M, Q-TOF MS/MS %
A& IMS-HX110A(Jeol, Japan)y& AM&-3tHTH F9e
337 nm®] N, #Ho|AE Ao, 7L 25
kV, ZzAALL 90%, F5A4 AL 03%ct AF
F3A BAL 5 B2ENE AME3I9on, 108 kDa
R HolA 2k 0.05~0.1% 22 oo 9l
Atk

a
3

3. #3 % ng

3.1 SDS-PAGE2} MALDI-TOF MSE
AEe| g2 - sol

#el meoA ANFHT ZetA A EE SDS-PAGER
228 AFAE 28 19 JeIoh 28 190 Lane
I standard markerdl] €]3F W E0]3, lane 1ol A
Age] FH9 WES Yepdnl. g8kAe 2e A5
Z 1019 HES AT F e, o5 Exje
< standard marker®} Bl 3+ Az} zZkzb oF 220 kDa,
95 kDa, 65 kDa, 47 kDa, 33 kDa, 30 kDa, 27 kDa, 25
kDa, 20 kDa, 10 kDa #3EHEZ B $ A0 22y

o|E# F21Al
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38 1. F9 2N F23 S22 SDS-PAGE HH.
Lane 19] “JElY standard marker?] bandE-2 Z+7} (i)
myosin(206,676 Da), (ii) B-galactosidase(115,757 Da),
(iii) bovine serum albumin(98,003 Da), (iv) ovalbumin
(54,064 Da), (v) carbonic anhydrase(37,390 Da) (vi)
soybean trypsin inhibitor(29,559 Da), (vii) lysozyme
(20,336 Da), (viii) aprotinin(7,036 Da) o] 3|F<}.

band 2, 3, 4= gel AolA H& HY O & JHTS
B A, ol s AT ExEE I3
JEAt EF band 102 w9~ Fv|3HA] iEe] £
A AAs7] o]HA. o] £ uw SDS-PAGES
o] 43 ZE Al5Y B4 AR U ExEe 4 &
Aol e Eale vwd dsh, A8 Eapeke
et ARE A JBe-g AT & YA
2Yg ZebA AEE m/z 10,000-250,000 *BSlolA
MALDI-TOF MSZ 811t 28 E3S 13 2] el
Ak, 28 204 B 4 QR0 2HET AolA peakE
& ZHt m/z 113504814, 10071.6484, 13801.6436,
33088.7344, 66160.9375, 93993.0547, 216154.82819A]
ATt o]F FYI AIRE FRA X BHF 27 19
SDS-PAGE ¥-4{Zzte} ¥|wald, m/z 216154.82819)
peak band 19, m/z 93993.05472 band 2¢l, m/z
66160.9375< band 39, m/z 47081.22662 band 491,
m/z 33088.73442 band 59, I3 T m/z 10071.6484
= band 109 HFEE B 5 v} 1822 MALDI-
TOF MS 2HEH A= F 9] AgoA F23 Fel
S EM3§ Z3} SDS-PAGEAIAN " & 10749
band & 60%° dF3e 6719 YAFHe B B
£ A 5 YA}, E3} standard markere}e] B E
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100, 11350. 4814
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80
#10)

70410071. 6484
60+
13801. 6436
50-

40

(4)

47081. 2266 (2)
3

% Intensity

)
30 66160. 9375

20
104

93993. 0547

(1)
216154, 8281

0
10600 58600

106600

154000 202000 250000

Mass (m/2)

a8 2. FAY mEelA F&3 Z8A2 MALDI-TOF MS &9 EH. A8 EH o] 3.9+ £ 29 19 SDS-

PAGE Z #1412} band numberel] d]3-3ic},

of ofs thEra ExlEe A1&3d SDS-PAGES Y
3] MALDI-TOF MS Z#olr= 2+ galdol sl
e AEe BAg YJRE ) &

ATt

S
3 ¥ 5 9

KN
T

o

N
e

3.2 In-gel tryptic digestion £} MALDI-TOF MS
SDS-PAGE®IA #2]%¥ bandEl &l in-gel trypsin

%
=)
® band 1
S
7,
100 e
g 80 S
% 60 e
E 40
2 20
0
800 1300 1800 2300 2800 3300
Mass (m/z)
band 2
100 ;
r 80 %
2 60 ]
E 40 -
® 20 1
< 0 Almj i i LU,
800 1300 1800 2300 2800 3300
Mass (m/z)

J8 3. FHe zelr #4338 2149 SDS-PAGE ¥
2§ Yeld band 13} band 22 747t A AoflA] ERAe
2 B8t 213 MALDI-TOF MS ~#EH

(3R e)
o=

o

i

digestion ¥t FeytA = Ze] ofui=M A

¥ £ Alanine? Lysine T A&l x Aehikgo]
oUti[12, 18]. F&¥ Z bandSol W} ol

proteolytic digestion WhEo 2Ja] Loz FepAle]
fragment53 MALDI-TOF MSZ ®4¢ AAE zhzt

29 3-28 79 YERIUE, 2+ bandollA] Bel® A3
£ 3 10 gkt
band 3
100
z 80
£ 60
E 40
X 20
3
800 1300 1800 2360 2800 3360
Mass (m/z)
x
3
% band 4
e
3
z g
E &g
$
1]
800 1300 1800 2300 2800 3300
Mass (m/z)
a8 4. FHo) meolA £23 Tepue] SDS-PAGE ¥

2% YERY band 33 band 48 Ztzt A Ao ERAlO
2 Bajsle #8918 MALDI-TOF MS 23 &
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band 5

1560.8128 yes

% Intensity

1

4
2800

in, 1 2

1800 2300
Mass (m/z)

800 3300

1300

band 6

% Intensity

j T
1800 2300
Mass (m/z)

dodoade ol
!

800 1300 2800 32;00

38 5. #Y ZoA F53 Zetall o SDS-PAGE £
2% Vel band 59} band 62 Ztzt A AolA EYAS
2 £33l 8913 MALDI-TOF MS &~3Ed

band 7

100

- N
L= — -

% Intensity

— 15327826 %

[
]

[oul Jl.. 1!1 i
1800 2300

Mass (m/z)

ly
2800

800 1300 3300

band 8

160

1560.8179 *%

% Intensity

[ -]
Y

O | " i

1800 2300
Mass (m/z)

33 6. A LelolX $28 FehAl9] SDS-PAGE

2% YEFY band 75} band 8% 717} A Aoa] EFalo
Z B35t #9ld MALDI-TOF MS &35 E3

| S

2800

300 1300 3300

Band 19 93t MALDI-TOF MS A8 E#Q 13 3
<+ 29 oY peakEo| FAHI JEH), olF 249
AAE o&8 Felle digested fragment®] 2=}
W2 HE o, type | A a,-chaindlX 9 &€
fragment 5= 1532.7815 Da& 7= Gly1056-Argl073 A
Fo] m/z 1532.7905(*)014, 2 type 1 Sz
% 1560.8128 DaE 7IA&=

0-chain®] fragment
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band 9

100

1560.8348 %%

% Intensity

I3 ]
[ — IR

ljnk i \I. .
1800 2300

Mass (m/z)

. ipd.

2800

800 1300 3300

band 10

100
80
60
40
20

% Intensity

ullmu,,“

1800 2300
Mass (m/z)

s

2800

0 i
800 1300 3300

a3 7. A9 meelA &3 Z719 SDS-PAGE £
2% Uebd band 99 band 102 27 A oA EFAL
2 Fa)sle] #8915 MALDI-TOF MS & E,

H 1. F9 mejdA F28 F29] SDS-PAGE #3
YEPE Z bandE& A Aol EFMOZ EIg
MALDI-TOF MS & E@Ato) A 2l 9 fragmentS
m/z B °]9l 3= chain FE|

#
o)

Band number Identified fragment | Corresponding
in SDS-PAGE peaks in MS (m/z) chain type
| 1532.7815 o
1560.8128 o
2 1532.8104 o
3 not found
4 1532.8088 o
1560.8260 o
S 1560.8314 o
6 not found
7 1532.7826 oy
8 1560.8128 o
9 1560.8348 o
10 not found

Gly985-Argl1002 Aol m/z 1561.8107(**) WA EHel
HJck Band 29 Wigk MS 2HEHNME m/z
1532.8104 oA o,-chain ¢} Gly1056-Argl073 A€
< 1 @ F YUt 27 40 e band 4 HF
FA4o|Me] peak ¥ m/z 1532.8088%14 a;-chain
fragment 9] Gly1056-Arg1073 A1 €-2, m/z 1560.8260°1



(D 2 ap(l) AFE FebAlY] daEAy s A
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L. §
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L3 % § . N
BT P :
8 2§ &3 :
H O R ;
’ TH Iu 1| 0o
o 2 @ e W w0 Lm0
# | Immon. a ao b bo Seq. y y* Yo #
1] 3003} 3003 58.03 G 18
2| 10206 150.08 | 14107 | 187.07| 169.06 | E | 147576 | 145873 | 1457.75 | 17
3| 7406 26012 | 24211 28812 27011 | T |134672 |1329.69 | 132871 |16
4] 3003] 317.15] 29914 | 34514 | 327.13| G | 124567 | 122864 15
5| 7007 | 41420 39619 | 44219 42418 | P | 118865 | 1171.62 14
6| 4405| 48524 46723 | 51323 | 49522 | A |10916 | 107457 13
71 3003] 54226 52425 | 57025 | 55224 | G | 102056 | 100353 12
8| 7007] 63931 62130 | 667.31| 64920 | P | 96354 | 94651 11
9| 4405| 71035 | 69234 73834 | 72033 | A | 86648 | 849.46 10
10| 3003 | 767.37| 74936 | 79536 | 77735 G | 79545 | 778.42 9
11| 7007 | 86442 | 84641 89242 | 87441 P | 73843 | 72140 8
12] 8.10| 97751 | 95050 | 100550 | 98749 | 1 | 64137 | 62435 7
13| 3003 ]103453 | 101652 | 106252 | 104451 | G | 52829 | 511.26 6
14| 7007 | 113158 | 111357 | 115957 | 114156 | P | 47127 | 454.24 5
15| 4405 | 120262 | 118461 | 123061 | 121260 | A | 37422 | 357.19 4
16| 3003 |1250.64 | 124163 | 128763 | 126962 | G | 30318 | 286.15 3
17| 4405 | 1330.68 | 131266 | 1358.67 | 134066 | A | 24616 | 229.13 2
18] 129.11 R | 17512 | 15809 1

a8 8. AY TGN 58 FebA 9 Gly1056-Argl073 fragment(Z2H 3-1F 79041 *2 BAIE)O g Q-TOF MS/
MS ~HEY Tl ofulie it A Ha A}

hud

A o,-chain fragment 5¢] Gly985-Arg1002 18-S 8 1560.8348914 ay-chain fragment 5 Gly985-Arg10029]
g = A em, 17 59 band 54 miz 15608314 A E-E BIE = 2ASATH 22]5L band 3, 6, 109 THE
oA a,-chain fragment £ Gly985-Argl002 A g-&  dAEA] 2~fledoMe= ZFEN olnx4ke] fragment
AE 4 Ak 2 69) band 79149 peakE Foll Mol #FHE peakE AU 4 qUsATh olE 7H
M m/z 15327826904 o -chain fragment 5 Glyl056-  bandollA] B AHER peakEo] 2418 T3 1,
Argl073 A EE E1F 5 AU 2H, band 89 Aol 2, 4, 79 bandIM = FTAE aj-chain®25E G
A= m/z 15608128 oA a,-chain fragment 3 HE fragmentS] Glyl1056-Argl073 AE(*)°] BR1E
Gly985-Argl002 A9 #eld 4 i}, viAlgos 1, 1, 4, 5, 8, 99 bandZ2FEl= F9] o,-chain
a8 79 band 99 it AW AHEHAE miz C2HE dAEE Gly985-Argl002 fragment(**)7}

139
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& ~
' 3 §
g g s %
:: 5 E ¥ h
T S LR g
el §
] ST _il} . W |
o ™ s o e W e 1w
# |Immon. a ao b bo Seq. y y* Yo #
1] 3003| 3003 5803 G 18
2| 10206 | 159.08 | 141.07 | 187.07 | 169.06| E | 150379 | 1486.77 | 148578 | 17
3| 7007| 25613 | 23812 | 28412 | 266.11| P |137475 | 1357.72 | 1356.74 | 16
4| 3003| 31315| 29514 | 341.15| 32314 | G |[1277.70 | 1260.67 | 125069 | 15
5| 7007| 41020 | 392.19| 43820 | 420.19{ P | 122068 | 1203.65 | 1202.66 | 14
6| 4405| 48124 | 46323 | 50924 | 49123 | A |112362 | 110660 | 110561 |13
7| 3003 | 53826| 52025 | 566.26 | 54825 | G | 105259 | 103556 | 103457 | 12
8| 6004| 62529 | 607.28| 65329 | 63528 | S | 99556 | 97854 | 97755 |11
9| 7208| 72436 | 70635 | 75236 | 73435| V | 90853| 89151 10
10| 3003 | 781.38| 76337 | 80038 | 79137 | G | 809.46 | 792.44 9
11| 7007 | 87844 | 86043 | 90643 | 88842 | P | 75244 | 73542 8
12| 7208 97751 | 95950 (100550 | 987.49 | V | 65539 | 638.36 7
13| 3003 103453 | 101652 | 106252 | 104451 | G | 55662 | 539.29 6
14| 4405110556 | 108755 | 113356 | 111555 | A | 499.30 | 48227 5
15| 7208 (120463 | 118662 | 123263 | 121462 | V | 42826 | 411.24 4
16| 3003 | 126165 | 124364 | 128965 | 127164 | G | 32919 | 31217 3
17| 7007 | 135871 | 1340.70 | 138670 | 136869 | P | 27217 | 255.15 2
18] 12911 R | 17512 | 158.09 1
38 9. #9 Bl 53 Zel19) Gly9ss-Argl002 fragment(2E 3-LF79NA *+2 EA =)ol thE Q-TOF MS/

MS 233 3 ojulxak e 34 s,

1=

a8y 2 3-39 79 29 EHA o-chain® &
6571¢] 7F53t fragment 5 170¢] fragment7} LA =] o]
AA AZEE fragment 5 1.53% ANGEAL, ap-
chain® & 63719] fragment 5 1719] fragment’} 27
=l 1.58%0 sBE ALt 0|23 Az FAe] 2
=2 710ske Aoz diEed, SIS 3749
chaino] 45 YA PR e glom 7} chainEL A
27 NuAgez 248ty UuHl, 6] A=
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Eepile] BAAA A A SAg o] 83l o] st
AEE B2 B48 Yo, tadde e b
&0 AR B8 79 tryptic digestionol] 23 27t
Eo] 7t Ayl o olx dAd ANz oA "t
ol FF AHEHS Bl Azt FEl Algo] 2
Zrste AL AAZ & AEHE fragment®t B1Z3}7)
o]PA THEM, o]& QI3 U= digested fragment
o] 7t ZasHE AR G4 4 Aok 10719 2
# bandllX BRI fragment’} A o 27153} fragment

L

i



(D) B op() AR Feple ARy A Ay

T 1.5% sfgeivie A
kAol wol ol s oAdE

K £kl SDS-PAGERIA #9149 1, 2, 4, 5, 7, 8,
92} bandE<llAl type 1 collagen®] a,-chain o,-chain
SENE AFEE fragmentEo] FIHTHE AL,
Ho%x olF 7709 Eeld T Ede type | Tl om
ojfolx] AL Aem, type 1 g

bl

ol
MALDI-TOF MSZ 24 ujo] 92} F fragmentS
2HERA ] A E(fingerprint)E  AMEsle]  7FHEHA
T F U B 4 U

3.3 Tryptic digestion® Z2tH fragmente} Q-TOF
MS/MS MYEEM ZHi}

MALDI-TOF MS ‘¢4 type I collagen 2] ¥
2 ¥RIE F fragmentE] tha] fragmento] opr|i=At
A& FAA-HFE] H54, Q-TOF MS/MS #41&
%3 Glyl056-Arg107322 1% fragment®} Gly98s-
Argl002 2 ERIE fragment®] M EL Flaion,
2 A4S 129 89 1F 9o Jehiie

&714 as} b ©}29] A3t N-terminaldl Y=
AelA Selol= Al F 2HF C,-C9F C-N 4o 4
ol FERE  Ful(collision-induced dissociation,
CID) #gollM &1l Hetole 22HES ou|sin, y&=
QA7 C-terminaldl] U= AEjol A Al O C-N 7H
o] Aol #7 F24ES vt} o} Be A
Folr] LA FEe os) 7} oln|ieate] ol
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