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Collagen&i-2 Mlst2 FWH~ A 4/ & o
€ ERHEART B2 R4S AAT 9AT iy
TR F3AA ERR 4 k. AA collagene <=
Y ToT BEES 258 WMEHEEA 4 B4
Heb, B4 FRRA 9ol A amino acidi} 3 polypeptide
chaine 2 837 (assembly)Fel] ez o] Ay
ol Fzd] =83 posttranslational modificationo] I
CEES -

Collagens] piEEm.C. procollagene] @ 479 3
polypeptide chainel] 714 peptidesd A (extension)
& ek el collagenst vhzo},

Peptide ‘eXtension% procollagen$- collagen¥ } o
S o wHEI procollagend] g429] shustb 4
AR F 276 @RS WA s Mtransport 3
L2 Z&3rt. procollagene] collageno = Ao &
Tok gl A G 3
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E Al =g 4.

Procollagen peptide extensione collagen?] 3 po-
Iypeptide chaine] 2 gste] bal e 9] <] triple
helix2 foldingel] % 23}s}.

Aoz o RE HRAEAEARS HAg m-
RNAS o) dolvke BERRE | #qdsh} coll-
agenfAd L oy oE BEHEAMLYSE o ‘1%%
posttranslational modifications] e sleh. E4] co-
lagenel] /| w7 = = hydroxylysine, hydroxyproli-
ne, 7} glycosylated hydroxylysines == prolylz}
lysylz]1¢] posttranslational modificatione] = zke]t},

Peptide extensiondl] v}e}i}&= interchain disulfide
bond= o] =l posttranslatinal modification®] 7 =}o]
t}.  Procollagen&iel 4| posttransiational modific-
ation®] T 84-¢ L] AAEE 2o Y F
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dolvtr Ad¢ Falele M

Bt d9dsde 29,
' 1. Collagen#y
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#FHGC] BEZ S collagenBle] B4 e
==, EF, B, 2

E- W &S collagene 2/ a-chain(al(I )
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= (@l ] ).a2)2 F7Rst Type 1 collagens|ch,
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al(1)s chaino 2 #5Reb= Type I collagene] gl -
Er}, al(]I)3 chaing] collagen® o =l iEiHa, =
o e £RE, £9 AMEL A EEHS B
RSl A VEldel,
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A A2 P9l al(ll)s chain® LEMESR, & OB
M ATRER collagend] 50% LS 3hA|Fhck
vk al(V):2 #ES & collagend 428 base-
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I. Collagen m-RNAg] B

collagen &Rl FeJsh m-RNAS fFael Wss
Aol ghont opAx A8 FTHERAL ofe).
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peptided] &KL 4Tt TAE amino acidst 7ol
W ok=l polysomedid] FEE ek o AHAA o
#1' polypeptidezEdy-S peptidases} cell-free system
o] 24l o2 a-chaing] =v]e]w] pro-a-chain Z7]
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Collagen m?RNA-E« 4k pro-a-chainghgel

gt AP RAD L 0% TaE ZAlole. Coll-
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5 Tetstgh.
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PROTOCOLLASEN
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BHEERES TREchs Bl &R wiA g4
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me] TISHENES 239 3 collagenmFrF HEERIS.
2 s SR WRE = %i?z&ﬁ}o}]/ﬂ B el g

ojgita &4 givl. procollagens] L a-chainx.
o} 15~20%9] &F o
#5714 pepsino 2 AlgE &
BARE dobd SEMNS e-chanez F—AdE
chromatographyt: & Yebdeh, osidk Bige i
9 pepsinflEd PEERZLIE R (pepsin-susceptible  seque~—

=3 pro—a—chain-% A xw), 7.
2]} procollageno], %

— 651 —



nce)E pro-a-chaing] amino-terminal ende]]
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E¢] amino-terminal sequence
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Fgr}, =2} amino-terminal seq-
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CHSE 2E 5T #l3re] recognition site(ql Al 4)
B AR ST S ek o8l BEq e o
A Al o By 5T A Augtks AA
E"}Eﬁ—% 7FA AL ¢l ek, m= & amino-terminal extension
< -procollagens T2 RHIS) FiEHEAA S E
IviEsEel <) . F o] extensiono] st MiEsE
T AR e] dolvhe #fAbA] S 4T I
e FAWE 4 o

EHERA N A= procollagens] amino-terminal
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Ti8ke]  dermatosparatic skin collagendl] A gzl
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b

segment-long-spacing crystal llte‘~ 4Fl el amino-

‘terminal regione] peptide extension®] FEAEZ o

sleb. A7bsle] dermatosparatic sking] TRsEipe] &
e EE#HHER  aldimine-type-cross-linksF 2 A
sk olE g
-siono] IEF#i{Ee] gum} fé 4% STEAE
Bz $%% 4 9k gEm col]qgenﬁ*—?—g 52

ZRECHr amino-terminal exten-
el

praaa Aol o 7W B8Rt e WEHS
AHAT T 9
A procollagens collagene & AHzel: Qw9

R
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ofE A& ¢HA 9dal gvk. dEE

e
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V. EEBE%e B

(Posttranslational modification)

%Eli‘aﬂ

Collagen#& irhell prolyls} lysyl#te] hydroxylfki
BP9 Sl dojvha o] 2913 a-chain®] —kif
e R #kde. o1H ¥ RS collagensr T
A 1E2le o Alml kol A collagensF
FEOl B2 g2 gl gow collagent: AR Fa
2 PigEt AL Qvk. €lgEe] Hyprok coll- -
agen a-chaind] ] ammo acid% 10/715 i A
9let.

Collégen pro-e-chaine] - WaLE W Al glycyl@dters)
prolylis JKE{LELIE peptidyl proline hydroxylase -
o 3kl Heh. o] EidiE cofactor2A] O, Fettt,
a-ketoglutarates} ascorbic acids} 255}c}. Collagen
triplet?] 53 frfile] FIESE R lysylit:
peptidyl proline hydroxylases} & cofactor®
B2 8l peptidyl lysine hydroxylased] &%) 7*\*’{}’
e ek, )

REMERIES cofactore] gl el O, OHIke] o
& EIaEe Bt eslA HE ok A v GE
cofactors] #%#)-& o}x EEAsht aq- Letcglutarat
Adl 2 2SR = Hyprofksl M#ssted  fiw
ol HYew REES W=k, =3 peptidyl proline
hydroxylased Fett*s} #hgs|o] jEifbs =l &F
W.LE«] FERe] fEAMTEA fEAYe. Ascorbic acid

| RKIES smsles ERger & 4 Q. 22
ascorbic acid7} ®=FF proline hydroxylased] RiTik
MRS FEREEE Adsted 202 2e] Yvke 2
27+ g+t .

fifE el A prolinest lysine®] KEMEMLEF 47 P

=29 dlAbe] Holgka|ul o]8 FRES ribosomeel A
el E ol Rl a-chain(pro-a-chain)e] ofolulo}
Ezlel welgeh. Collagen&its] Fad A{biBavi

Zhel s KEEEE EIskE BgEd A dolx gt

STIRES BFRe BRIl a o« -dipyridyle 22 £
J5 chelatorfFqestel] #Ed o= REEL-F ksl Al
2 &rsl collageno] iS4 & }?—?T"’]‘t‘ e
HBe s SAE A . old BEE g=sAR
wE 4 9ot odwkxiow Hyprost Hylyseltk
Hylysel #&3 HHE-S FESalst Mgl BEde
2 JEKEESFE MR 4 FHAGR A £ 9
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wh, ey 3T JEKERML collagen(protocollagen)-2
37°cel] A tripIe helix#ig S A7 d+
3 =57 maohy sad o] & FAKEMLS T el
BAHETES] collagen helix® RERT fAlshed A
s gho] IR A FE o ?,l 223}, ¢ % Hypro
%= collagen triple helix 2 ghsbad fEfS el F
Z2d 4 91 o] $29 FF& Hyprog ITHT &K

collagen-like peptidest proline#is 73 peptided]
ekl s 9lth

3 o

J‘ﬁ..

thermal transitiong H

Collagen?] kit RHES 713 Hukele @49
R E )] collagenﬂo{ /ﬂ Aol 7k gl Zlolwt
al( 1), al(I)e «l(I)E FHete d Y He5E

a-chain® Hypros} 100735 = IH3kcb. s ba-
s'>ment membrane collagen«] al(N)E oF 140532
Hypro® #4351 o< A ATl A prolined] 7K
it dasld FE07 -2 }V] .
OREMLRIES Pher4 2 lysines] AFHbelAE w
A VEldel. «l(1)3} a2 chainel] A proline®] Kk
feeel wW$ AL £2 ool chaing 3~59
hydroxylysinefghuto] FAl @, o131yt A48
#el al(1)3 a2 chainoll A= hydroxylysinefo]
o} chain® 10~127H:7 zolrh. ¥ al(lV)chaing
6TEHAEE vl

o] Ahe] BiBRglE oFabell F7be]A hydroxylysine
collagendll 4] FEHe] #&dE B2 AFHAc. AS
EEob #4Ee PHEE hydroxylysined] g-carbon
#o2 JEFEAEE disaccha-

rl

Siea)
o]
=

2} o-glucosidef

Table 1.

(W)

rides} monosccharide(glucosylgalactoses} galactose)
O]D}-, Galactosyltransferaser} peptided)] #&3 gala-
ctosyl-h?droxylysine?[é)%{ﬂ— Zaf gk, =% glucosyl
transferase= galactosylhydroxylysine@-+2E= {E
FAskd glucosyl galactosyl hydroxylysinelts &
wlghet. o] FEiHE oE e SfEEIZ
bounds o] ¢lv}. ‘%‘4_2}1 Collagen 7 T4 o] A
g EFl%
o] hydroxyiysine IR
9leh, kel
a2-chain® chain® 1~249 FEMEE I5T.
al( 1 )-chain-® chain® 10{ES] HEEE
o 30f@E WHA. oW HHHEE HEE—
COHagen%%% R = polypeptide chaind]]
2 Ak G olm cheind] BA MBS W
BHFE o142 + e hydxoxylymne?jé&;‘«){o ek
2% & 9 das.

membrane~
ol el & deAlx] ¥A%E e-chaind

hydroxylysine2

2w MR, FEMEEET 44 REEE B
59 5AE BE ERIEEE 1 Sl k(AR FLR S
fzj5e] collagen hydroxylysinefo] @3] i o

21k, 9 hydroxylysineo] A = sl oA = ZEEA
o9l A] ¢vh. Lysined] Kbt collagenfiifd] -

B2t g A W Fasteh F5T 4 gl collagen~
5Fe) @il hydroxylysinee] Aol == Mt
i o}# ¥ hydroxylysineg #-#% cross-link7s} 2

24 gt} gakd =A% o] cross-linkd] 23 = -
A7t guz #5 Aok

Intracelluiar Locations of Steps in the Biosynthesis of Procollagen.

Biosynthetic step

Apparent role of the
biosynthetic step

Intracellular location of
the biosynthetic step

“Translation Primary structure

Hydroxylations of peptidyl

proline ) at 37°C
Hydroxylations of peptidyl Essential for su ar
lysine additions provides

Synthesis of interchain
disulfide bonds

Additions of sugar to
peptidylhydroxylysine

helix formgztion
May affect fiber
formation

"Essential for stable 3-helix

more stable cross-links
Probably essential for

Ribosomes bound to the

endoplasmic reticulum
‘Cisterna‘e of rough endoplasmic

reticulum before formation of 3-helixx -
Cisternae of rbugh endoplasmic

reticulum before formation of 3-helix.

Cisternae of rough endoplasmic
reticulum after chain completion

Cisternae of rough endoplasmic
reticulum

Vi. Procollagen &4kl MipkBiE

Collagen& o] #{LBAyFES Table 114 2w}
3t I oA E o] F KIEY MM A fiEes A

£feEgdE=l

@eAol ek WAlAA gHA
WiEse MEE FRae meash.
Collagenftaell ol shi HAMMMEBIEM} FHok:

A A BARE WIS st AAA A"} o] 2H
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=l=e] v Fastvhy g gt
Collagene 4Tk} © 2 collagen& e &7 oAl =
GhiETssiel vl & glvh. oW st BEginmes o
FO) collageng Fhif ol A FAG HHT &+ AEA 2
gz gox 3RS collageniEiE
) AR WHlEhE AAE oM E W A2
=g EFel o e el collagene
‘glycan%-?% HvEERE geEdyeae &
Asbrh. FHERS Ml of HEMRS R FRE
4 A7) uf Bl B HREIT e L=
E s (collagenzt  ground substance)®] 4
AT R S-e B et AAYAT HAF=F
o] EExlrl. o) MMMAETHEY e otx= A
5 arelA QA ek, SEETEE JoldE AW
Bershe  AETEEel [ G AR e &
4 ol JEEE-S HWERMS] i, MEEl SRR
;gqq]/qvogoa% 4 9vh. m-RNA+ 7 pro-e-chaing
EEger & F 9t zE 171 <F
1200 amino acide] ™ 2 collagen& el o dh= m-
RNAZ2] nucleotide chain-2 # 4 3600 nucleotide® -+

glycosamino-

.
B

& e
ot we ¢

pro-a-chaing& o]

A s ejokgtel. ol@l A& polysomed] FrioiE|rsk
collagen&rifilluel A ZERAZA 2 $57F & ek,
olel g S+ collagen ARHINISH 5¥Ed polyri-
bosomes] EFHMBIEAA & + 9. pro-a-
chaine] [ Hr ribosomesd] 4] E-2 membrane-bound
ribosomeel| | & FEE Tl A UMEErbE A7
o} BEEAERI FAE

Aoz 4% gek 2
t=

«collagene #I/HEH 2 B#=+ BEE2A endopl-

Fig. 2. Procollagen& i 4We) ez
T

BEie s hEm
Lz;—L.%l B}-_

-hydroxylase= WV

asmic reticulumel] &3 ribosomed] A &0l ol o]
gleb(Fig. 2). HHA
collagen® endoplasmic reticulum$ Bifshe] #
o] deliin Mgl A HER VAR T & gk

polyribosome®] %:r}%-?_— procollageno 2 2 Zh5]
= prolyls} lysyldte] Kig{bs &b $¥ a-chain
(pro-a-chain)ell 5| &l o }e}, petidyl proline®} lysine
ERER A MBS BIRA A ki
ol TARRE, 2o ol F EHF BvdE RS
AfEE ) Y- endoplasmic reticulumel) A] ol olrle} o
ol

Type I, 0.8+ W procollagendl] A chainale]l$] di-
sulfidest &2 m-RNA2] pro-e-chaino 2 # ??Oﬂ
= el ARE EEEe] endoplasmic reticulum-g
W sl e R eketgeh. Triple-helixf¥rze] endo-
plasmic reticulume] A~ o] @A Qo] 3 Golgiffl] =
S 29 HEEE YEshe AL AR B %)
el 92 A7k helix®ale endoplasmic reticulum
Aol A depdvhn FEF 4 ek o8 W@ FAE
proline A & #4511 #3EA ) A protocollagen

detn 5% & =g A=

o)1} disulfide-linked pro-e-chaine]
T £29 BEEES 37°celA A= flfzel A non-
helical® Z)8l3 endoplasmic reticulumel] £33 o
&2 procollagen4rF+& rough endoplasmic reticulum
4] smooth endoplasmic reticulums} Golgi/h Nz
F43L= 5 triple-helix® of of hrla F&5% 9vh
o] Aol dFFA =} o] pro-a-chain®] amino termi-
nal sequencel helixJ4RiBs chaind] EZle] o3 &
Ee el B 4 9t

B #&3 procollagene] co]lagenoi A #E3)
7;%%,m RNAS] f}?nﬁ‘r-’} s BEeF Sk
DAl S ol kel =gl

Collagene] 3tF#&SZ 9+ =E #HE-E hydro-
xylysine®] §-OH#Lel #&{30] 9lomE lysined K
Fifb+ galactoser} glucosyl galactoseifi &l =2

O] t}. glucosyl galactosyl transferase: membrane
g el o} ML KEEET iRl
A BT B Rl Qeldet. _

Procollagene] 2] =2 3} SFuwrztd o 4] GolgiZhrt
T iEel B sbde] SYkA S, & EEE,

B, RSB RETReAe il

o] &ste] Al Yrel. o] F 3(HY Eife] Atz g,

A= B (Revel, 1971)2 collagene]  endoplasmic
reticulum®] ribosomedl] A &= T uifa.},q endoplas-
mic reticulum? Aol A Golgifiz B, Golgi

sl T

e k)| ;{:I é}i
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sacculed el A SRR MRAZ Moz B

o EREES 89 exocytosisd] sl A
Hoz 78 REWE Bt dEh ok BEM

2] zymogenERigkit=}l $-A8 27 o] oF(Fig. 3—1).

NUCLEUS
GOLGI
4
— G

ENDOPLASMIC
RETICULUM

Fig. 3. #lapsel A procouagenﬁm 2 B
. Ross(1965)t Bz 4 *H-proline® A3 A
| ‘ﬂ- 23} %‘“‘fi@?ﬁ’fﬂ}}@«] endoplasmic reticulumel] &
s "}E}"}" %9 Golgifiz BH=ct g &
;1::1 A A %‘}%}?é.»} endoplasmic reticulumel] A
$93 e Golgifz BTl glo] AA MMMLe
E #Eaclstdrl. oS glycosaminoglycans] B
2 prolines] EojZo® Golgifel s RrTH
{grain)7} WS A o] F B F3te= B
© %E collagend] s|FH A gevhn dhsrk(Fig. 3—

n. |

Salpeter(1968)s} prockop(1968)-2 endoplasmic re-
ticulumsl A AR collagene A% K= BH

o upRen FEHENSRE BEEY dA4 AA

HHEEF o2 Pk ehekd vl
Hay(1973)& o]% A=z =& SRl Eﬁt%»—
Golglﬁ%ﬁi-— ?,’f}}a‘io}r.— EFY AReoz dojyra syl
o} SiEEFMiRE WIS o] Golgifsl 2 3
g3 o] 9x TavlHEd RSt Edd e
Golgifgel A Galdzl o2 AAsA e 9w
Aok, EEBRUMRERY AL AT E collagens
- 2aslA AEBZZT % MiECE MR A FIES
e BEEOE *H-proline-d &A% 4 9t} o] &
FAlE ofA HEEA Gt Collagen FREoR] 2}
B0l = Colgifsl Fatt #ae ¥z 25y
B2 ol BHRA Golgifs] #E=2 ¥} col-
agend] BIE BT F3LS e slolw. Weinstock
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7) Jimenz,S., Harsch, M.,

51} Leblond(1973)¢] collagenfiji@4yEe] Golgifds &

Bt 2ol Bl A e Aleska Qvh

Glucosylz} galactosyl transferase - smooth me-
mbranes] #&Ie] 9onE o RES ojEgHom
Golgifiell | deirdebn Fglivh. 2709 (Bl Fw]
gl ZAEZ A4 é].::_ =l A7 a-chaind] HS
gae WA AR k@it LED HEH B0 K
MEolel A=k, H(LEBRY M A &me]l endopl-
asmic reticulumFe A dejrln Golgifge ﬁ'ﬂlg‘iz{_
o WHEF dodrhe 2ush Bl gdeh B4 Qb
73.9.& smooth membranez} Golgifs Eig=E T B X
ST WARHE A28 4FT & drh dE
HE glycosaminoglycan®] EEE-L endoplasmic re-
ticulume| A &HE T EEY 447 sulfationg 94
Golgiflz BE)¥ A 2k ol F4% 7397 coll-
agens )33201] Az L]—B]—L}-D}-_L 2= 9k, |
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