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= Abstract =

Analysis of Telopeptide Removal in Type | Collagen Purified
From Human Umbilical Cords

Hwal Suh*, Soo-Jin Ahn*, Yo-Sook Kim**, Ha-Gyu Lee**

Although collagen is still considered to be a poor immunogen, animals can produce antibodies to a
number of different sites in the collagen molecule. In Type I collagen, three classes of antigenic deter-
minants have been described those are recognized as different degrees in different species. These are es-
sentially composed of helical, conformation—dependent antigenic determinants, and terminal, nonhelical
antigenic determinants, and finally central antigenic determinants exposed only after denaturation of the
collagen molecule.

To utilize collagen as implantable biomaterials, human embryonic collagen, less immunological to
body, was purified from human umbilical cords and found to contain [@1(I)].. @2(1). Each step of
purification were observed by polarized light microscope and analyzed through SDS-PAGE. The
conclusious are follows;

1. The purified collagen revealed gradual fiber indenties on each step of purification by polarized

microscope.

2. The structual changes of extracted collagen as removed telopeptide were confirmed by

SDS-PAGE.

Key words : Type I collagen, Telopeptide
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™, Type 12 2% (al(1)): e2(1)e|rh EAHFE
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Z=(collagenase) o] 2]3] 3= o)A},
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WYAFLE FE Aol Wl F4% F AE 9|
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2 owulEe) ggstages AH AEsARA AgE
st sk mAHE b2 Pl s wsd A
2E Fd ARAEA, S50 wg L AT 9
v mage) ARANAL A 3RAR o) Foiir}
A TSR SR A Eeldetel s Ao
s f 47 AwE mRNAS) AAbsha, 7 ANE o}

Fol elnd gold Feldetels G 2, 4 2
S 4R Fedeelmel e abdhshel

hydroxyproline®} hydroxylysineg AJAts} 1, =3 43}

% ooloA A4 A ANeE B, A SEAE A
o5 Ru)El wdAdS-2 "FEAQ procollagen #x}7) i
A G2 Lol Aan, 4D-stagger g1 HElE g2

el g ol FHA AfrhEe FAsha, ofu vhE
WAleh) B, HALGEA FH Bk st YA

of Ak, EAE shalg el dejvi= FAo|rh(3],

(4). 7hize) @Ae Aedel Frhgel we F7hHn(5),
RS Al EAolt slgkel AHn WY

= (solubility) %]
by 5 o)g-ghr). wAARE FE317] -r]ffH ‘]t‘ am-
monium sulfate® #HA Ke]g £, DEAE-cellulose2}
pH 7-841 2-6M urea g}&= &8 o]fdlo] mRvlE L
ef 75 AAJ8kaL, Type I =
a1 e R i B
Mol 4] FF 7hed AF HAE P8t gle
WY types2 pepsinell WA o] SIAT FHuE
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sl 519l WlubAd® 919} pepsin o R4
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58 Awsted ghrh Type 13 Type 1117} ?{}vﬂ ‘gzﬂs}

1= 7d9-o]i= Type Illlout E]-2- Sepharose 4B #3jo &

T8 3 2ulg 1 1) (covalent chromatography)Z 3}
H

slo F-2la) W7 &u, FEsle] & AHE A
4, 2EHTE G764 " 7)dE o} ojulk Ak
24, At 5o s o83, 7lv AAE 9

TEAYI) 24mGHAHE o §8tr]x Jhrt
AA Az nd4dRE AHEShe A9E AEAd,
T

A EajekA] wjek 7)Ao}, A BHEE 9§ 9, ¥
e QAFAT Tl Ax] FAE f3 72 oF
o R go] Ag-Hrh R R 2ATEYE FET
HAHFE o] &(7)8ka o), ofuimAabe] A4, st
Aa B9l 5o 3 Aolo) wE WAl FAHE-]
AR glow, o] FAlE | Asty] ¢ld] ds1de] u
. Abet ejulo 5B Type I collagen® #3314 0]

stedot}(8], (9), F5&e] vi-g Yol Ab&slizdl u
FA e} wpgkeh. A5k glEe 42} Type 1 collagen
A A e] et} whzbrkA| 2 g, o] Type T colla-
geno] Type Il collagens} 7| FxhapA|wh, cheg E A
shog Fele] Ul A vl Habsivizie Hnke
ch Adld e g p5go] =rl(10].
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Al ERYE Type 1 atelocollagenE =2 5hw A
=% wAYE AFEE HE3§v]) 7 (Optiphoto-2, Nikon,
Japan)®@ SDS-PAGEE S8 HAlstddxn

o] =4 (con
trol) .2 bovine skmOH H 43k Type 1 collagen
(Sigma Chemicals Co., , US.A)S AF&-3)¢dr).

SR AR RE] AR FAE AA B g, 25
Al T5% oRHEE 2X7), 4217416417 A0 Hel
stefrh. Aol olhg-e SRR 343 Mol AATAT)
A5 ZE)¥ gE2ES Eista, 0.5M sodium acetate
(Shinyopure Chemicals Co., Ltd.Osaka, Japan) £
of lg: 6.28mle) ®]& % AAF }g 4847 Fb vk
|71 F, AbZole AR 2|(1500rpm, 10+ VS—4000,
Vision Scientific Co., Ltd ,Korea)s}gich. &% Ab2
ole 1A% e] (3500rpm, 30% Sorvall” Super T 21,
Dupont, U.S.A.)s}e] A AEE #F3s}a, [0.5M acatate
(Shinyopure Chemicals Co., Ltd, Osaka, Japan) +pep-
sin(520units/mg, Sigma Chemicals Co., MO, U.S.A)]
£ 100ml : 30mge] w|& 48 2d3} 1g: 6.28mle) H]E
2 4lo] 2427 Tk ubgAl the 141E-21(27,000xg
60%-;Sorvall Super T 21, Dupont, US.A)&tdrt. A
-2 1M NaCl(Sigma Chemicals Co., MO U.S.A.)/0.05M
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i)
"
ﬂf{)"

- T
S

Elpettlng & Centrifugation ‘I
|

«  Sampling
[ Precipitate+[0.5M Acetic acid+Pepsin](24hr)_’

J «— Sampling
i PreC|p|tate+[1M Sod|um chloride +0.05M TFISJ—‘

L Supematant+4 5M Sodnum chlorlde J

i
L

\[ Type 1 AtelocollagenJ — Sampling

18l 1. Type 1 atelocollagen £&
Fig. 1. Type 1 atelocollagen purification

Trizma(Sigma Chemicals Co., MO US.A) &3} 1g:
6.28mle] ®|-8-2 FAZ o} 24475k vhEAA U4
£2](3,500rpm,60+-;Sorvall” Super T 21, Dupont, U.
S.ANT g AEZNE FHEsE, o AZ e 45M
NaCl #o1& H7lste] 2447E<t whe A7 4]
(27,000xg 53)3F c}S AAHE(Type 1 atelocollagen)
& F3adct (Fig. D).

2. HygHojzdor Zt nAMy F& Y aE

3}

HP o) A& o]83te] 0.5M sodium acetate 2z %
FEFHA RYAF(FHE)L e, 0.5M acatates}
pepsin &l & F& A S (A2 e, 4.
5M NaCl #e] F #&%)ol4 @449 Fehs AHaa

% shodel.

3. M7|H&(SDS-PAGE)

e
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N,

K

dg

o &ﬁl
‘1

WAAERL FEHEE FENA F 3 dAA A7)
=& AlA)Ele] TEstedr). 0.6M sodium acetate -§-of
A

A S dE g3dr Adwdsed 2o

el shed ode A d%(AA) wpz]2to 2 45M Na(Cl &
g Aeatel QA¥elstd P& WATU Type 1
atelocollagenS(SC)¢) whA)ol 4] AJH& 3k ArhFig.

1). 30ug/welld AzFg =bA AHE zhzh FHAAR
El& 3lgHE <l DTT7} #7}%(reducing condition) A|#
9} 289 (sample buffer)®} 7} =) 92 (nonreducing

= Type 1 Collagen®| Telopeptide A7 ol whg B4

18xV

X2 .0k 0000

73 2. &8 Type 1 atelocollagen;(A) SZAZE type
I atelocollagen, (B) FAIMAISo|Hdez2 SZHA

atelocollagen ZH&

Fig. 2. Purified type 1 atelocollagen;(A) Lyophilized type |
atelocollagen, (B) Observation of Iyophiized type I
atelocollagen with scanning electron microscope

condition) A|HFEAE EFAZ obF, 75% Felo}
S dotutolt. Ao mesle] A7|<dF3tedct. Bovine
skine. ZH-e] &% Type I collagen® pepsin ] 2|3t
* ‘H»M}E-fé AHg-8fod wla B-Aslodct.

2 T

1. Type 1 collagen &

B Aol AR AR FF e Bl g
J, > 2 AlskglE 100g9, 0.5M acetater}EF £ A7)
F whAol A 13.5g, [O.SM acetate+pepsin] £ # g
T A A 24g, FHAAR Fol= FHEA o R (.25g2]
Type I atelocollageng & 4 <iglch. Fig. 29 (A)
1= o] Type I atelocollagen® FZHZ A7) F Alzlo]
i, Fig. 29] (B)w= 54 ZAxx Alge] A4Ae Pas
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(A)

(C)
J% 3 BUHOPOR DAUMR FEEY DA

;x 400;*CF : A, TP : @ 23elo]x, (A) 0.5Mo}A|E
Sbnggele s 26U RUYE Y, (B) (05MopIE
g0 R 259 wydg B, (C) 45MASHIET
gl 255 welis )

Fig. 3. Observation of each step of collagen purification with
polarized light microscope x 400;* CF : Collagen fiber, TP :
Telopeptide, (A) extracted collagen fiber morphology with 0.
5M sodium acetate solution. (B) extracted collagen fiber
morphology with 0.5M acetate solution (C) extracted colla-
gen fiber morphology with 4.5M Sodium chloride solution

, A 3%, 1996

o]
do=z Z wAMR £& Oy B

7 AN FEEe) wae ualga} FRREDEE
Paln o ga}oﬂn} (Fig. 3).

Flg 3- (A)ow
5M sodium acetateﬁ—%% %
o de) AARNER. devhre dug shn ot ma
A5 DA 5 o).

Fig. 3-(B)ell A3 pH 3.93-44 5 9] A4 &elql 0.5M
acetated A 2{3le] A @A (A) e} 2o wrg@ v}yo]
2] eﬂEH 21 4—10/\1-.2_ 3}_-,1 olotq Ho \:}Hlo]L]. /go A=
o WEk 5] WelAlaL, o}F Abe olw ez
oy B @ 5

Fig. 3-(C)o4]3= 4.5M NaCl &Y X%EIE 41?510111
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el a}om el e AE
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1 =
Al A}F o] 4-5+= SDS-PAGEE o] 434t} (Fig. 4).

(B)e] 1546 #=1A7l "7} 52 g AHgEe
How AMelgh Ao WiE52 Cn, SAn, AAn, SCno]
AL, AH7bEl A9 AlEEe wWoEe Cr, SAr, AAr,
SCr & vebyirh.

SAe] A4 ‘%%9] A AR Cob mlawa] yalgrke:
FHald = 9l Cold vehd vp2 wese L}EFL}Z]
sForth AA< F 2
7VE PAste okunl H-9)ql telopeptide -‘?‘—-r A 7
871§l pepsin Meldt F AW R ¥, B, @, @ 9
s o 22&5o] Cof AA WinEe BT B.el W
o] Aol& vieblar girk. Cso} SCo] Wiz 5o ol 3]st
I slr). telopeptideE A #3}7] wtA 9l SAn oF SAr
WEEL 2 AelE vehm glom, A7 Fo| &g
Aol e Ee-, AAng}t AAr, SCne} SCr ¢ Wim s, =1

®I5, Cnzt Crel WEge 7o) Axsha ok
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AE 9] Alg B2 RE ££% Type | Collagene] Telopeptide ] Aol thgh F-A

A) ®)

T

A | —

n SCn. Cr

SCr

SAr AAr

38 4 IMR FECIYE olsteld 3 steld SDS-PAGE; 7.5% gel, 100V *Tr: type | collagen/ ¢ $I| type | collagen/ SA:

05MOIMEAER SR &5 ¢

HMF/ AAI[0.SM OIMEM+EIM B2 F58 IHMF/ SC:45M HSLIER o=

FH3 TANMR/ niulS$Y, 884 [(A) typel colagens| SDS-PACGE, (B) MEMF FHEVIY SDS-PAGE

Fig. 4. Non-reducing and reducing SDS-PAGE of each step of collagen purification ; 7.5% gel, 100V *T,:type | collagen/C:bovinc
skin type | collagen/SA : extracted collagen fiber with 0.5M sodium acetate solution/AA : extracted collagen fiber with 0.5M ace-
tate solution and pepsin/SC : extracted collagen fiber with 4.5M sodium chloride solution/n : non-reducing r : reducing; (A)
SDS-PAGE of type | coliagen, (B)SDS-PAGE of each step of collagen purification

{0

FE2HE gFEe AgxAEe] duE YA FAsE=
:vli‘?l'“—“@"]?/}il e ad4fl Type 1 collagen

Suh(10)9] & WS 838l 44 Sald ZAA
2 FEEck o7 FE9 AgEAeAE 1M Nall
e F4 47 44 (pH 8-8.2 °]¥ HCle]v}, cit-
rate, acetatee} 7+-& pH 4.50|8}9] <ofakA) g-ollo) 23
7H83E E 5 oole ZYAR 53l 7}—#—5]4:}1 Bars| o]
Ark(11], (12). T4 SAele A7 7har) g4
A e BRI FEET, H& AASde Bt
7} gl Schiff’s bases Auhsln 2 ghe 1914 =
& & gdrh FEA] YR ZAEC] 7tRE HAdste
A Hel g xEk, Wenke-g& deo vl wpviAd
tel E-2]9) o] telopeptided- ‘1} 1423l & 5 ¢l pepsing
I e L 141745}}— 2 g2 AYEAAN HE
Hch(8, 9, 10, 13, 14). ”%]_u‘)ﬂ*‘]%_“ 0.5
pepsin x| ol 2|3 TX]JI- 7} 25 8 A3} telopeptide
B35 A7 %Ee] L85 atelocollagenE FolA] 1M
NaCls} 0.05M Trizma &38-H o 2 Type IlI collagen$
AAAA Ee)sta, 4.5M NaClg ©]23lo3 telopeptide
o] A|Asle] Aol ¢li= wYHF-9l Type 1 atelo
collagen® FE3l= A=z o AW (selective salt
precipitation)& o]-4-3kdv}(11), (15].

2 Aol A AREE AR FF S Z8le HE
o2 AlebelE 100g%, 0.5M sodium acetate & %]
2] ¥ whAol4] 13.5g, 0.5M acetate-893} pepsin 2]

o

>

ud

0

F wAel A 24g, AR Fole FEH R 0.25g9)
Type 1 atelocollageng & 4 <lgir}(Fig. 2).

& Aged e Al dEere] A5 F54] 27
2] &% wA e 4] Speer(16) ol 28 o]&= s v}
& o] &3l ARl AF b ‘ﬂﬂ%
S N PO A e
o)zl Ao el A Alolo) o) A s o= )l
o|% 2 A (birefringnance) 8] 7r=¢} XMfHE57k2] 7FxE
A At HejE Ageo] geke] AolE: o]gslel W
HAmA o7 F& chAY +Z w32 3239t (Fig. 3).

Fig. 39 (Aol 4% ohe shn e wUdse)
el FolAA ke EARN, EAzke] shate) o&)
AL iz Aoz Atz sz (B)i= AHA &
ojal] EAzE Ztwrl AAE, fefE e, wit wlAG
2] sk H-9l9) v} telopeptided = &4
al pepsin xg]el 2af, Adf ), AF che] ey

T2 71%6E sk vharl F2 gAEe] gle Bkl
telopeptide #9171 A7 =le), df cie] eyt =gl
Ao FAEW, nig zZolo H{E5 Azl tel
opeptide(TP)al 7o &2 #lg =} (C)= Type 1 atelo-
collagen Af-9f He(CF)E RoF1 glom, A thA 9
AE (A)el (BYE3s dAS8E #o)lE RodFm Qe
L Febal AfEe] e JHAE 3 Rg ek 4
g el s A sk

240l v AL At YE=

,_4

T

g 2
> 2

2 o
o ox

¢
d|
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CEREEE

7} wlvbAdE o it $-9)9l telopeptider} AR type
I atelocollagen}& &9l3ly, 5 Aro) hwla Fx

A8t7} fl8] SDS-PAGE whyl& o]&3}<ich(Fig. 4).
Telopeptide¥-$15 A A8} 28] dAaF2] pepsing A
glalo] A7zt d=d, AA 9585 2457 fHE
LA EAbollA] o) vy Fjelut F2 EgF ofn
Abe) EAEt: Hg olgdtr). 7z £ WA AR

& e HgEa BUAS PR AW 2F g7 A
7}8kA] ¢k AHGEFgNo T Heg F H7|dEL I
o] o|33} A FA| ol¥ol wE WEo| FHolF o&
gled, % WA wYgdfe Fx WslE: wdMF 7
e LA o

WP BAEE WA Y e, B, 79 A&l
gAdElo] LAMFE ¥A4] ol o]t} a-*}'ﬁg
WAl Hetele AbER Folxl Aeje]a, f-AbE

Qe y-AbEEo] EAH Zlaredl 2fs| a’ll‘xor a,—a, Blz—‘:
a-a©), y-AHES 3709 a-AbEEe] AR hae] o
# FAH Aelck @, s B, B v AR FE T4
= SDS-PAGE & o] &3t} =, ¢] SDS ~-PAGE:=
AR s FARE dE olge] Hi d, el
312} &k Type 1 collagen® Fig. 42] (A)y, A, 8
o, @ 2 Fa WEs) L]’E]'L]'q{‘l], (17]. o] W=
o §32 Fig 4°) (B4 stal & 47} 3ok =, A,
BilEe] Balo B y-ab&e] F4o] (al)a.0)H,
g wYAd57F Type I collagen$s bz o 2 "X“%;

Fig. 4-(B)e] W=5e (A9 nlshe] 4rsuw
SAns} SAre) WESE w§ 2 2ol g

= o138 Aol EASE BB P 9} A
7 97 eol SAre] 4% El% #iHEel f&%xﬂoﬂ 2k
o183} Aol A7l SAne| WEED & AolF M
ol sl Aek 4R, of dA AFAeI A

BE §-#8a ‘Rl%ii °] AP S 5
#} AAr 283, SCnz} SCr 2] wie
drk. XS war o&stAgte] EAstE vkl R
A7F A A WHEE o]
AAZ2] HHEf—"} SCe] wh:
o]7} b= AL AAQ ©gAE Type I3 Type 7}
Ta]&]c’ix]x] ol We=rk Aolrb vi= 713, Fig. 39
(B)ell A ok 5= sl=ol *é%%"] kAl ] EelE A @]
el Ao *} oy zlct.
¢l SCn, SCre] Wiz e} telopeptlde-"é A AL 71 918 pep-
sin A 2]t unz:al S Cn 3} Crel 2 49 W=S(r,
A, B @, @) AAsAc

%% Type 1 collagen

A 17 A, A 3%, 1996

HWFPv| A 5157 SDS-PAGES] A8 A3
et o), & Aol A HEENE telopeptldeﬂ Z{]
7%l Type 1 atelocollageng AAsA-SS & 5 U
LA S A obwmAbe] 10% %S AA|8kE wivkA
ot F-9lel mlgk EAsle FHE ZPI ofu|kilol
EAsle] o33t A A oz, A ER el
M 2A8A ok 3, RAHFEAT # Ul HufuE
o] 2 FAMFA AT 4 F Uk I B AE
N A= Type 12 al(1), a2(1) 2| A% E}%}fz} T
2o A, W, Aol Fo| AFEAE AleldlA 2
T 34, ofvw|xatel 24 9 Ad Fo £°a'*é (ho-
mology) & X} HE #23ke] bovine sking]
Type 1 collageng- WEz o 2 o]&3}gdr}(12].

N oot T

I‘

I

a =
N4 AW o) 4g AA AREA A7) 9l
o] e ple) mALGE ol g FAem 4

od-& 4 ol
L.zt & A 259 WH3tE Udxe) 49 A
fro] eld 2ol HAFPu| AL o] Latof A3}
k. 1vA, of dZe £l 0.5M sodium ace

tateg e M F FE sl wUH chiel
a. o

e, 2ebA kg el
#] g5} o] telopeptlde L

thiko] Foixl A,

0.5M acetate®} pepsin &
FHAso] AA= ], wddF
Z vx)9 oA 4.5M NaCl

(
i

£ AeF —’F%"_‘E]"i{ 7]’ Fal gobal Adfi-Eel uf
T 7RIS A R 2eke] Wl He o
g 4 qlrh
2. &% Type I collagen ¢| telopeptide A 7]} EE}
Tz wW3}lE SDS-PAGEE A 4)5}od telopeptide
Hel7} Xﬂ 715l Type I atelocollagen$ %3+ 72
3ol a}ksdc).
2 1 2 ¢
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