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f1~aa'1b~u!1uG1cVi I : n'1'5a;'1~bba::n'1'5f1~C:Uf13J
Ii

'W~51 fi'Y'Y:n~b'WA1a 'VI.\J. (I.niJ'a@iuiJ3J). Ph.D.

- - .. ~ .. .. - ~

11'1~,)1!'1m[J,)11'1~~'1~~1, ~ru::Y1U~LLYiY1[J~'1~~1 '~'1~~n1ru~~'1,)Y1[J'1~[J

'U'V1~~iieJ
~ d ."I '1.1" ~ ,,~ '1 ' d d '1 .I'.:f ~ ~ "

~1f}~~1L~U'jjUP1'r'l I LlJULlJ1~U'DUP1L~ULfJLL1J1J L3J~::~1fJ 'r'lVi1J3J1n'r'l~P1 L un1::P1n L Ulf}nU ~,)"'U~LL 'r'lLL~::. ..
~ " .I' 1 .~ ~...J' ".. '1 " ~ d 4.1 '1.1"

LIf}Un~13JL UIf} U1J'r'l~,)13JlJ1'r'lPlUU ~::L UUt1~n~ Lnn11~11~LL~::n11~,)1J~3J~If}~~1L~U'jjUP1'r'l I ~~lJ1::nlf}1J LlJP1,)fJ.
~ ~ 4" ..~. ~ 4" ..~. ~

n1::1J ')Un11t11f} P11"'~ViU fin113J LVi If} ~11~ ~1fJIf}11LIf}ULIf}U11"'~ n11L~~ If}U fJ1 fJ~1 fJ 1f}11L If}ULIf}U11"'~~1 n.
U,)LP1;fJ~1U~1~1 'r'lVi~1~:n3J, n11LLu~icycy1ru~If}~U')~mlf} 1 'r'l~1JUIf}1fL~ULIf},j11ii~1uL,jU~1fJ~If}~~1L~U LL~::

n11u'i1Jut~~1fJ~If}~~1L~UL ~If} 1-:iL "'3J1::~3Jn1Jn11vi1~1U n11~~,)uL~fJ');;If}~~If}~U,)LP1;fJ;tu1;ju 1f}1~L';U Sp 1,

CAT binding protein (CBF), NF-I LL~:: NP/NMP41un11~,)1J~3Jn11t11f}P11ii~ojiufin113J 1,)3JvT~n11~n~~,j11u
. .

, ~d,.., .I'd.. " ~d d ,~~::
~LL U,)~,)13J~P1'r'lL~UIf},)1L~~~~If}~LL~~::L UIf}LfJlf}3Jn11~11~LL~::~,)1J~3J~If}~~1L~U'jjUP1'r'l I 'r'lLL~n~1~nu P1~UU.. .
~,)13J1m~~1f}1~,j13J1U1::fJn~' -ii'1 un11,jIf}~nUn11LnP111~L';U 111,)::LnP1oji~ijP1 111')::n1::P1nVi1U LL~:: 11~mviur/1... .. .
tiJnL~tJ

('J Yiu~ "j'r11"1 2544;24:145-54)

0

'U'VI'U1

I'I ~ dI'1 '.1 do ~
~'f)~~1 L ~\JL u \J~1'i'f)\J VI'ifJVI L u \J~ ,)\JU 'i~n 'f)1JVI ~1 ~ Cl.J

LL~~~1J3.J1n~~~ 1 \Ji1~n1 fJ u~~u\J~n1'i~\J ~1J~'f)~~1 L~\Jc)~. .
19 'DU~ 1 ~m~'i~~11~ri,)\J1J'i~n'f)1JLL~~LL",rt-i~~~1JLLlJlnt;i1~n\J

'f)'f)n l1J L~ 'f)~~1'iCU1~1 n'i1Ji1~iinMCU~ l~'i~ii nMCU~'IJ'f)~ 1 1J'i~\J..

~13.J1'itlLLU~~'f)~~1L~\Jl~Lu\J nrt-i3.J 1 ~'f).
na3J";~tfl'j\1ai1\1 ~ilu~iu'li (fibril form) l~LLri.

~ d
~'f)~~1L~\J'D\J~VI 1,11,111, V LL~~ XI

na3J..;mfl'j\1ai1\1 ~ilUf11!i111 (network-like structres).
1~LLri~'1)~~1L~\J'DU~~ IV, VIII LL~~ X

na3J";'W'U'Uu.;f.uw~ -i~3J n'Uflilaa1 ~~u ..;mfl'j\1ai1\1.
~ilu~iu'li (fibril-associated form) l~LLri ~'f)~~1L~\J'DU~
d
VI VI, IX, XII, XIV, LL~~ XIX

n~3J~jjtA'i~ai.,~ l.ilul.au 'L!I ij ill.n.,:nu l.~il3"U

(anchoring fibril form) ll11LLrl F1'eJ~~IL~U'DUl'1~ VII

na3J~mA'i~ai"\1a"3J"'" Dilnu 1.3J3J I. U'U (collagen.
with a transmembrane domain) ll11LLrl F1'eJ~~IL~U'DUl'1~ XII

'1 ~,oJ"1' Q d
LL~:; XVII LUnlj~l'1n~3,JU ~:;L3,Jj'J3,JF1'eJ~~IL~U'DUl'1V1 XV.
LL~:; XVIII L ~'eJ~~lnF1'eJ~~IL~uvf~~'eJ~'DUl'1L ~~C1n~u'riuviI1 ~

OJ

1;]'eJ~nlj']'eJ3,J~L~3,J1unlj~l'1nrci3,JOJ .
'1 oJ'" .of Q d d...1
L UUV1F1'JI3,JU ~:;L UUC1~F1'eJ~~IL~U'DUl'1V1 I 'D~LuU~lj

Q d d '1 oJ' .~ Q ~ "
'eJUV1jtJV1'riU3,JlnV1~l'1 L unj:;l'1n, L U'eJyjU (dentin), CJ'J~U~LLV1. OJ
(dennis) LL~:;L~un~'l3,JLif'eJ (tendon) LL~:;';;~~l'1 (fascia) Ll'1tJ

L'U'ri'l:; type I collagen alpha l(COLIAl) 1 ULL~'1J'eJ~n'lj~1'l~

LL~:;F1'JUF13,Jn'ljCJ~i?11 Uj:;cilU'eJ'l{L~UL'eJU'lj';';~ (translation) ~'ln.
~u (gene) n'ljLLtJ~ LL~:;~1'l~~'l tJLtJj~UF1'eJ~~'l L~U~'ln

'eJ1{L~UU'lj';';~ (translation) j'J3,Jvf~n'ljtJfuLtJ~tJU~'ltJL3,JL~fJ~
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, d ~ ".
'IJ'1J~ f1'1J~~1 L~Un '1JU Vl~~~~~'1J'1Jn~1n L 'D~~ (post-translatIon

modification)

'V1'\J'V1'JU'J'a'a~n'a'a3J

~~ 1 ~'i'~U (hydroxylproline) j;11~~1r;iu 1~'i'~~11~ G-X- Y do-

main "~~UL1fJ~i1~If)nuluj;1~If)(;1~1fJ1U'i'~U~If)~~1L"U n1'i'
d~ "'4 1 ~'1d", ~d il '1
Vl~ ~n~enUen~LuUn'i'(;11f)~~ ~ UVl~'iJU1(;1L~nVl~(;11f)fJ U~1fJ ~~L~n~." .
vi11 ~L ""~1~~~nu 1~'i'~~11~'iJIf)~~If)~~1 L"U~~1 fJ lu'i'~u.jiu

'" 4 ~ ~

Ln~fJ'1en~nULL~~nu

~If)~~1L"UenU(;1~ I ~'1U1...,t1J~11~LL~~...,t~If)If)n~1"1n

.. '" '" ~ .. '" d'_':f
Len~~~'i'1~L~U~fJ (fibroblast), Len~~~'i'1~LUIf)y'jU (odontoblast)

.. '" '1 '" '"

LL~~Len~~~'i'1~n'i'~(;1n (osteoblast) ~(;1fJ"U~If)~~1L"U~~~n1'i'
"

tllf)(;1'i";;;~.jiu~n'i"i'~ (transcription) llf1Luu pre-mRNA LL~~3'1

n1'i'r;i(;1LLU~~ (post-transcription modification) L ~If)L ~~~'11~

VlU Vl1U~ If) n1'i'tl n U If) fJ ~~1 fJ LL ~ ~ llf1'i'U LL UU'iJ If)~If)1fL te)UL If) U1" "
~ d .. ,d 4

'i""'~VlL""~1~~~ (stabilIty and maturation) nlf)UVl"~tJnL~~If)U

U1fJ~1nU'1L~~fJ~lufT~lenl Vl~~1~~~ L ~If)~"~~1U'i";;;~'iJIf)~

n'i'(;11f)~fJl U UUIf)1fLte)ULIf)U1'i";;;~LL~~LLU~LUU~1fJ lU'i'~u~If) lu

d
('i'UVll)"

n1'aai1\11.1.&:'lJ-i'U l.'lJiilU81 il13J l.&n&~iJ\1 f1iJ&&1
.- oJ

I.~U~U~'VI I (Biosynthesis: translation and post-

translation regulation of type I colllagen)

1u'l~r;ilJ13.JL~n~ ~'1J~~IL.,utJ'l~n'1JlJ~,)fJ~lfJ'rj'1J~.
L ;:jlJLV1f1 (polypeptide) 3 ~lfJ~-liuLn~fJ')~~riULL~~riu (triple

helix) 1~fJtJ'l~n'1JlJ~,)fJ 2 ~lfJ'iJ'1J~ (11(1) [COLIAI] LL~~ 1

d" ..
~lfJ'iJ'1J~ a2 (I) [COLIA2] 'D~~'lI~.,ln.,U~'1J~~IL.,U COLlAl

'rjlJ'1JfJL u1~'l13.J1'D3.Jp;J~ 17 LL~~~U~'1J~~IL"U COLlA2 'rjlJ
.. ..

'1JfJLu1~'l13.J1'D3.Jp;J~ 72 ~lfJ1tJ'l~U'iJ'1J~~'1J~~IL.,u.,~~rjin~ru~.. ..

1~fJ~ X LL~~ Y ~,)UL~rYLtlu1'rj'l~U (proline) LL~~L~~'l'1Jn-

~~ 1 'rj'l~U (hydroxylproline) ~13.J~Ir;ilJ 1~'l~~11~ G-X- Y do-

,ui 1 n11t1t) ~1";':~~ t)-3~ULL ~::n11tJf1JtJ1-3~1tJ t)1fL tiUL t)U11";':~111 tJ'l U u '1 LfI~ tJ ~ n11LL tJ ~1";':~~t)-3 t)1fL tiUL t)U11";':~1 tJ ri
..' w

~1tJ 1tJ1~ULn~ 'l uri'1U 1 on 1 VlYi~1~~)J~t)-3L on~r;

Fig.! Diagram of the transcription process of gene and post-transcription modification of rnRNA in nucleus. The translation

process of rnRNA into protein molecule occurs in cytqplasm.
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:nnU1~~iJ'j':;n'fJlJLiJ ~')tJn~~n'j'~'fJ:;~l uY'I')n hydrophobic,

nonpolar amino acid L~'fJ~1tJY'lniJ'j'~'fJ~~1L"U L,j'1LiJ111tJ1u

RER LL~,) iruru1cu:nnu1,,:;t1nil ~'fJ'fJn,,1n~1tJ liJ'j'~u~')tJ
w w ..

L'fJULen3S signal peptidase ~'fJ~lJUL~'fJ~~'II'fJ~ RER ,,:;vi11~

~1 tJY'ln iJ'j' ~'fJ~~1 L"U n~1 tJ L UU 1 iJ'j'~'fJ~ ~1 L"U (procollagen)

~~iJ'j':;n'fJlJ~1tJ N-propeptide, N-telopeptide, triple helical

assembly, C-telopeptide LL~:; C-propeptide domains l~tJ~

~')U triple helical assembly ,,:;iJ'j':;n'fJlJ~')tJ G-X- Y repeated

domain ~~1 LiJUtJl'fJn1'j"j")~ iI')nlJ~ n~'fJ~~1tJ 1~ L~ n~~'rJ~~1 L"U,

LUU triple helix r;1'~tli1~n~1,)~1LL~'),j'1~~U

L ulon1 VlYI~1~:n3-J ~1tJ'f}1fLre1UL'f}U1d';;:~~'f}~r1'f}~~1L"U

,,:;t)nrfi1uLL~:;LLU~ L~'f}~~(;ILuu~1tJ1ud~u13-JL~n~~'f}~ a:1(I)" .
LL~:; a:2(I) L UlULL1J1J~L1tJn~1Y111udr1'f}~~1L"U (preprocol-

lagen) ~')tJn1dvi1~1ui,)3-Jnu~'f}~'f}1fLre1uL'f}ci1tJ1'f}u (t-RNA)

LL~:;1Y1;ld11J1on3-J (polyribosome) 1JU~ufJ')~'f}~ rough endo-
. . .oJ... , ~

plasmIc retIculum (RER) LL~:;~ru:;Vl3-Jn1d'f}1Ud~~~'f}~nd(;l

'f}:;fJ1 U"1n'f}1fLre1UL'f}U1d';;:~ ~1tJ13-JL~n~Yl11udr1'f}~~1L"U.
":;CJnLr1~'f}utJ1tJL']11Uf11tJL U RER ~')tJiryry1ruinu1 (sig-

nal sequence) ~~'f}~(;Id~U~1tJVl1~~1U N-terminus ~'f}~13-JL~f1~
1 ':-"o'1o"".oJ" .. ~ .. ...~

(;ltJVI,) ~u ud(;lUVI~d1~L YI'f}~~(;I'f}'f}nU'f}nLon~~":;3-J~ryry1ru

/--~
/ \ A. Nucleus. Transcription

~mRN)'"
'" B. f;;,y.tQp~. Synthesis of pro-alpha chain

C. ER/GolgUQillpartment
. Hydroxylation of selected

prolines and lysines

. Glycosylation of selected

hydroxylysine

. Self-assembly of three

pro-alpha chains

D. Outside of cell. Cleavage of propeptides

. Self-assembly of collagen fibrils

Iinto a fiber

,tJ"; 2 n1'l'l'J)JiI'J~f}~~f}~~1tJ1,j'l~Uf1f}~~1L"U LL~::n1'l111161'l~L~l;;uLL~::1n~1f1~L~I;;U OR-PRO, 111161'l~~1Yi'l~u:
..

OR-LYS,111161'l~~1~~U; GAL, n1LL~n1~~; GLU. 1J~1f1~.

Fig.2 Diagram of the assembly of the triple helix and the hydroxylation and glycosylation of a procollagen molecule.

OR-ORO, hydroxy proline; OR-LYS, hydroxylysine; GAL, galactose; GLU, glucose.
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L~1r/i LL~:: osteoblast cellline4-8 LL(;]Yi1d11'V1d'fJtJ~l!'fJfl~ul3J
"'" """'1.,J .,J"
~~~ lJI'fJ L 'i1~~~d1--1L~U L tJ'V1LL tJn~1n L tJ'fJ~~nd::~n (periosteum)

LL~:: fibroblast cellline6-8

n~~iin~!itJ~1ntJd::L 'V1f'1'fJ'fJ~LlJI1tJ9-11 lv1~~~~~--1n1d.
'V1V1~'fJ--1m~U'IJ'fJ--11')f~ Moloney leukemia provirus LL'V1dn~--1

ltrl u~U COLIAl 'IJ'fJ--1n~~~~'V1V1~'fJ--1 ~--1YiU11 homozygous

.,J"" . ""

mouse embryo Mov 13 'V1~n1ffi~1tJ (mutaIon) 'IJ'fJ--1~U

COLIAI vt--1~~V1 (2 allele) ~::lJI1tJL~'fJ'fJ1tJlv1liu~ 141uP1ddn.
d J d ~. . ..r

L U'fJ--1~1nn1dlJl1tJ'IJ'fJ--1L U'fJLtJ'fJlJIU (lIver necrosIs) U'fJn~1nU

tJ--1YiU11n1d~11--1~'fJ~~1L~U"D11V1~ I C1ntJutT--1 lV1tJl3J'r'jU'fJ1f-..
a o~ "" '1Jd

L'fJUL'fJU1d~~'IJ'fJ--1~U COLIAI LULU'fJLtJ'fJ'IJ'fJ--1 homozygous

'1.,J .,J""
mutant embryo LU'lJCU::'V1 heterozygous mouse 'V1~n1dn~1tJ

"" "" d 4 ""~ ,
'IJ'fJ--1~U COLIAI L'r'jtJ--1P1d--1~U--1 (1 allele) ~1~1dC1d'fJV1'i1,)lJILLlJI

.,J ~ "". r;: 4 "" ""

~'fJ~~1L~U'V1~~lJI~Ud~1CU~V1~--1L U'fJ--1~1n~ruL~tJ~U COLIAI.. w
'1.1440'1" a '1 ~t~
LU~d--1~U--1 'V11 L ~~,)1~LL'IJ--1LLd--1'IJ'fJ--1nd::V1n L Un1dd'fJ--1dUU1~Un..

~ V1~--1 (;]'fJ~1n~~iin~!itJdlv1f1U 'r'ju11nd::V1n'IJ1nddlnd. ..
, .,J~1--1'V1LLtJn~1~1n homozygous mutant mouse embryoMov 13

~~'fJ1tJlv1liu~ 13 1U~ddn (L,i'fJ--1~1n1uliu~ 13 Lte)~u11'fJ.
tJ--1~:n~lJI LL~::L'i1~~""turJ1,)Lte)~u11'fJtJ--1LL;j--1LLd--1'fJU) 'r'jU11~n1d

..

C1'fJV11.:,;~-tTufindd~'IJ'fJ--1~U COLlA 1 1UL'i1~;~11--1nd::V1nLL~::. ..
.." J.":r '1 .." '1 "1 ..r

L'i1~~~11--1L U'fJY1UL U'i1Und::V1n'IJ1ndd Lnd~1--1 L U~1dL Yi1::L~tJ--1
..

(organ culture,) lV1tJlJId')~liV1'r'jun1d~11--1'fJ1fLte)uL'fJ1l1d':';~'IJ'fJ--1

~u COLIAI1UL'i1~;vt--1~'fJ--1"D11V1 LL(;]13J'r'ju1UL'i1~;~11--1L~u1tJ

d" 4 '1"a, ""'1~ '1.~
'IJ'fJ--1LtJ'fJ~~nd::V1n 'i1--1LL~V1--1 L ~L ~U,)1n1dLL 'V1dn~U L')d~~--1 LU L U. ..
~U COLIAI ~::~~~L'U'r'j1::(;]'fJL'i1~;~11--1L~u1tJ LL(;]l3J~~~(;]'fJ

.. " .." J.":r :; .,J .. ,..r""
L'i1~~~d1--1nd::~nLL~::L'i1~~~d1--1L U'fJY1U 'V1--11 'V1L'i1~~L ~~1U~

" 0 ~ .."" ~ """" ~

lJIUn1L UV1~1nL'i1~~LV1tJ')nu ~~UP1'fJ~~1L~ULL~::~~lJIP1'fJ~~1

L~U"D11V1~ I L ~~'fJuriu ~~n1d'V1V1~'fJ--1mv1L~U'fJLL u::1 iiL ~u

11n11P1')u~~n1dC1'fJV1d\i;~-tTufin1d~'IJ'fJ--1~U COLIAI1UL'i1~;
. .

" "'1 "1.1 .. " .. "
~d1--1L~U LtJ LLlJInlJl1--1 Lu~1nL'i1~~~d1--1nd::V1nLL~::L'i1~~~11--1

..

J
LU'fJo;(U12

J1'ltlL u RER ~'ltl1tJ1~'fJ~~'lL~U~~tlnr;i~LLu~~1~tln'l1"

L ~3,Jn~3,J1~~1'fJn~~ (hydroxylation) m 'Yi1;ULL~~1~:nuU'l~r;i').
v1')tlL'fJu1en3f hydroxylase ~~LUUL'fJu1en3f~v1'fJ~n'l1 ascorbic

acid LUU cofactor n'l1~'l~ ascorbic acid ~~vi'lL~n'ln~3,J

n~3,J1~ ~1'fJn~~~'fJ~~'ltl ~'fJ~~'l L~u13.J~3,JU1rt1 LL~~vi'lL ~. "
VI~'fJ~L;'fJ~LtJ1'l~U'l~ L~'fJ~'fJ'fJn1v1~'ltl (scurvy) Vlii~~'lnn'l1

L ~3,Jn~3,J1~~1'fJn~~ ~~31n'ln ~3,J~'l1'Yi')n.J'l~'l~ (glycosyla-.
lion) LUU'l~r;i,)~'fJ~1~~1'fJn~~1~:nu ~'lnJu 213,JL~fj~~'fJ~~'ltl

1tJ1~'fJ~~'lL~U al(I) LL~~ 1 13,JL~n~~'fJ~~'ltl1tJ1~'fJ~~'lL~U.
a2(I) ~~L~3,J-fiuLn;tI,)1,)3,Jr;i')nULUU triple helix 1~tlL~3,J~'ln

1.1- 1 " ..r ... ~ ,"
C-tenninus lJtI~ N-tenninus ~1~~1'l~U~~tI~~~LL uU~')tI

n'l1~1'l~-fiu fi~1~1~1L~U1~VI~'l~~'l tI 13,J L~n~ (interchain.
hydrogen bond) 1~VI~'l~1n~:nuLu~'ltl1tJ1~'fJ~~'lL~unu1'Yi1;u

1 U~'ltl1tJ1~'fJ~~'lL~U,]"l~Lfitl~ LL~~n'l1~1'l~-fiufi~1~-n~ 1 yJ ~

1~VI~'l~~'ltl13,JL~n~ (interchain disulfide bond) ~'lnJu~'ltl.
triple-helix procollagen ~~tJnlJ1'fJ~~1tJif~ n'fJ~~ LL'fJtJ'Yi'l1'lr;i~

(Goigi apparatus) 1~tI~~31n'ln ~~Ln~LL~~Coi~L~1t13,J~'ltl triple-

d, 1.1- .. .Id
helix procollagen L'Yi'fJ~~'fJ'fJn lJtI~U'fJnLen~~ (~lJVl 2)

L~'fJ'fJ~U'fJnLen~; ~')U N- LL~~ C-propeptide domains

~~'fJ~Vl'l~v1'lUtJ~'ltl~~vt~~'fJ~,]"l~~'fJ~ triple-helix procollagen

~~tJnri'lCoi~ 1~tlL'fJu1en3f procollagen peptidase vi'll ~~'ltl triple-
."1 '1 ~ d d

helix procollagen n~'ltlLlJU~3,JL~fj~~'fJ~~'lL~UenU~Vl I en~~~

1,)3,Jr;i')nun~'ltlLUUL~ULtI~'fJ~~'lL~U (collagen fibril) 1J1'fJ3,J'l

L'fJu1en3f lysyl oxidase ~~LtJ~tlu1~:nULL~~1~~1'fJn~~1~:nuu'l~
..- _.~ ,.~ .J

r;i,)Li:Ju'fJu-iiufin'i'i3,Jf{j~~1~(;) (aldehyde derivative) iJ1~~'l3,J'l1tl. .
~1'l~-fiUfi~1~L,)L~ui (covalent bond) !j~1~VI~'l~L~ULtI~'fJ~

~1L~'l.!'

"'1'afl'J\Jfl3Jn'1'ageJG1'a~fi.wUfin'a'a3J!leJ~~UfleJBB'1. .

I.~U!lii.G1~ I (trancription control of COLIAI gene)

n1"Pl11JPl3.Jn1"l7fJPI"U'i9.;r7..lfjn""3.J'flfJ.J~7..I COLlAl ll,.::nfJ1J. .
vi1tJn~3.J'flfJ.J lll,.;J7..IYlfJ fJi 7..IU1LPI:JtJ'i9 YI;;11fJLTtJm1 transcrip-

. . ~ 0.-

tlonfactor Urn:: 'i917..1'flfJ.J'i91tJW7..Ifjn,.,.3.JrlfJfJrl1.JPl17..15'-phos-

phate 'flfJ.J~7..I COLlAl

n1'Jtl'eJ~'J-X~o;(Ufin'J'J3.J'IJ'eJ~~U COLIAI tln~'J1J~3.Jl~tJ. " .
n1'Jvi1~1ui'J3.Jnun~3.J'IJ'eJ~ lu'J~u~'eJtJ"l U,j'JL~~tJ~ ~L1tJn~1

'" ~ n1"p/'J1JP/:Jn1"gt"1.JP/fJ'n'n1L'iU'lJUPlYI I :JP/'J1:J'i1LW1::YI.
LL/1/nl'i1.Jr1U 7tn UL 'lJ'nmLl'i'n::'lJUPI

LL~~1~'fI~~1L~U'DUj;1~ I ~~~11~1j;1tJLen~r/i~11~L~ULtJ,

.. '" .¥.":f .." .1 '1.1"
Len~~~'J1~L U'fIY1U LL~:; Len~~~'J1~n'J:;j;1n~:;U'J:;n'flU bU j;1'JtJ"

~1tJYTUf!n'J'J3.J (genome) L~tJ'JriU LLtJ\m'J~'JU~3.Jm'J~~lJ1niiu

31~'J13.J~1L'fj1:;:LULen~r/iLLtJ\~:;'DUj;1 1;i"J'fItJ1~L-rlu 'fj1'J1LVl'J'fItJrlI

lJ'fIfl3.JU (PTH) LL~:;~1J11fJu~ 31~~tJ\'fIm'J~11~~'fI~~1L~UL U

.. " d '1" «~'1
L'i1~~~11~n1~j;1n VlLLtJn3.J1~1nn:; b ~~nPl'JM:;'iJ'fI~L'fI3.JU'Jb'fl~1J
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tJi'lLL ",-J~~'D~ cis-regulatory element ~~tJ~tJ1'Dn'l1~'JU~2,J- .
~ ~ '" "

C1'D{;l1",~~'U~n112,J~'D~~'ULL~::: n'l1~'U~U transcription factor

~~uu'U cis-regulatory element ,x'U tI'D2,J'/i'lL o:in'l1~'JU~2,J~'U

LU'U 1U'DtI'l~~'l L ~'l:::L~'l:::~~LL~:::~U1:::~'V1fi ll'l~

1f1~n'l1Pin~Ft'U""ltJi'lLL",-J~~'D~ cis-regulatory element
'* .do~, ~~ '"

",1'D promoter 'V1~'l~fJJ~'Dn'l1C1'D{;l1",~~'U~n112,J~'D~~'U
, d", ~"

COLIAI ~'lnn~2,J~'D~""U'V1{;l~'D~'V12,Jn'l1~{;l~'D~'J'U~'D~. ..
'" . . 1314 d ,

promoter ~'D~~'U COLIAI (transgenIc mIce)' 'D~~U'J'l
..d " ,~",

L'D~~'V1~1'l~~'D~~'lL~'ULL~~:::"J!'U{;l ~'D~n'l1~'J'U~'D~ promoter
d ,~~, , '"

'V1LL~n~'l~n'U ~'J'DtJ'l~L"J!'U promoter ~'D~~'U COLIAI tJ'l'J
.,: " ~ ~

2300 basepair (bp) ~'ln'{;lL12,J~'U~'D~n'l1C1'D{;l1",~~'U~n112,J

~U~'lL ~tJ~~'DtJ1'D~1'l~~'D~~'lL~'UL 'UL'D~;~1'l~n1:::{;lnLL~:::
..

.." .¥.~ d.."" '1 d '1 " " .¥
L'D~~~1'l~L 'U'DY1'U ~ru:::'V1L'D~~~1'l~L~'Ul.tJ 'V1~U I. 'UL'f)'Un~'l2,JL 'U'D

" d .. '" , ~
~'D~n'l1 promoter 'V1tJ'l'J 3600 bp ~~~:::L ~tJ~~'f)~'f)n'l1tJ~~

~'f)~~'l L~'U LLtJ1 L 'D~;~~1'l~Lrlq"U L tJ~'f)~i'U~'J",ii~LL ~n~UfI'f)~n'l1

d '" .,: " ~

promoter 'V1tJ'l'JL~tJ~ 900 bp ~'ln'{;lL12,J~'U~'f)~n'l1C1'D{;l1"'~

~'Ufin112,J.
1f1~n'l11'ltJ~'l'Uc;~n~2,J~'D~ transcription factor LL~::: cis-

~ .,: "
regulatory element U1L'Jru 220 bp ~'ln'{;lL12,J~'U~'f)~n'l1

C1'D{;l1o;i;~~'Ufin112,J ~~U'V1U'l'V1L 'Un'l1C1'D{;l1o;i;~~'Ufin112,J~'f)~. .
~'U COLIAIL'UL'D~;~1'l~Lrlq"ULtJ (~U~ 3) 'D'lYiL-n'U .cCAAT

hinding factor (CBF) LL~::: Nuclear Eactor-I (NF-I) ~4'u

~ I ..a.,l,

transcription factor nu~'J'U1I'fI~~1tJj;lL'fI'UL'fI (DNA) Vl'fl~
" ...,1.. , .

Vl1~j;l1'U 5'-phosphate 1I'fI~..,'U COLIAI VlL'J'tJn'J1 CIS-

regulatory element ~1'f1 promoter (~1J~ 3) l~tJvtt1J'J'&i'U tran-

scription factor "'~~fl'J1~~1L ','j1~1 'Un1'J';":unu cis-regulatory

element ~~~~1r;)'U1l'fl~U'Jflm'fl1Vl~ (nucleotide) ~L'il','j1~

L..,1~..,~ lj;ltJu'Jflm'fl1 Vl~..,~1J'J'~n'fluft'JtJ A, C, G LL~~ T ft'JtJ

lfl'J'~~11~~L~m'fl~ l1J'J'&i'U transcription factor ~L1tJn~1 DNA-

binding domain ~~~1~1'J't1LLtJnLLtJ~fl'J1~LL[;In~1~1I'fI~n~~

~1r;)'UU'Jflm'fl1 Vl~U'U~1tJ~L.e)'UL'fI LL~~L~'fIn;":uL'il','j1~nu~'J'U

1I'fI~~1tJ~L.e)'UL'fI~~n~~1I'fI~~1r;)'uu'Jfl;1'f11 Vl~~t1n~'fI~ n1'J'. OJ
L1J~tJ'ULL1J~~U'Jflm'fl1 Vl~U'U cis-regulatory element (mutation)

..,~vi11 o:i transcription factor "3C1JL~tJfl'J1~~1~1'J't11 'Un1'J';":unu

~L.e)'UL'fILi11~~1tJ 1?i'J'fIU1~Lori'U L'fI'U1on.;J RNA polymerase ~
1-n1 'Un1'J'~11~'fI1fL.e)'UL'fIU1'J";;:~ ..,~;":unu~L.e)'UL'fI 1 'UU1L'Jru~

~~1r;)'uu'Jfl;1'f11Vl~1I'fI~L'il','j1~~~~'fIL1tJn~1 TATA box ~~

1J'J'~n'fluft'JtJ TATAAT n1'J'L1J~tJ'ULL1J~~u'Jfl;1'f11 Vl~1I'fI~

TATA box ..,1n T LU'U C ~1'f1 G ..,~vi11o:iL'fI'U1on.;J RNA

polymerase 13J~1~1'J't1;":unu~L.e)'UL'fI[;I'J'~U1L'Jru TATA box

LL~~13J~1~1'J't1~11~'fI1fL.e)'UL'fIU1'J";;:~ lj;ltJvT'J 1 1Jn~~ 1 1J'J'&i'U.
transcription factor 'fI1"""~LLtJ~[;I1~~,j'1m 'Un1'J'fl'Ju~~n1'J'

t1'f1j;l'J";;:~.ji'Ufin'J"J'~ lj;ltJ'fI1"'Lu'UI?i'Jn'J'~~'U (inducer/stimulator). ." ",..~~~ ~~ .. .."
~'J"fI[;I'JtJutJ~ (inhibitor/suppressor) j;l~'U'Un1'J'~n~L ','j'flfl'U~1

.I .1 Q . Q .J Q. !'I. I ~ .J.J " Q . !'I. I ~ Q ... Q !'I.I.
!\J'M 3 XuLL~~~1Jn'Jru promoter 1/~~tJUR~flfl1L~U1lU~V1 I LLfI::U'JLRfltJ1~u1~UV1LnU'J1/~~ NP/NMP4, U'JLRfltJ1~u1~U/U'JLRflUnl,JV11n1l~u1~U 4;

1 ~ ..1" Q. .. ..1 ..
CBF-l, CAAT 1JU~~LLnRL~~1-1; NF-I, U'JLRflunLn~L~~1-I

Fig.3 Diagram of the promoter of COLIAI gene and transcription factors. NP/NMP4, Nuclear protein/Nuclear matrix Protein 4; CBF-I, CAAT binding

factor-I; NF-I, Nuclear factor-I
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U1L'Jru promoter v13"1rJ1r;)'uu'J~~11r:J1Vl~LUU CCAAT15,16

1u'1~u Sp-l LL'i'i:; c-Krox nLUU transcription factor v1~1L Vi1:;

toIUU1L'Jru promoter v13"1u'J~~11r:J1Vl~ LUU G LL'i'i:; C LUU~'JU
1 0 16-18 l; '1.1 .. 19 d ,

'\-Ir].! (GC-rich element) '1'J3-IVl~~u'1I?1U Y-box VlViU'J1

~'Ju~3-In1'1tllr:JP1'1';~ojiufjn'1'13-1~Ir:J~~U COLIAI LL'i'i:; COLIA2, ,

1P1 tJvi1'\-1U1v1 L U uiI'J n'1:; ~ U,
'1.1" . "d.'"1 ~ "1516~u'1I?1U CBF LL'i'i:; NF-I Vl1'\-1U1VlLuUI?1'Jn'1:;I?1U ' n1'1

,

L~3-IU13-11ru~t)~lU'1~uvT~~Ir:J~"J!uP1vi11~n1'1tllr:JP1'1';~

ojiu~n'1'13-1~Ir:J~~U COLIAI L~3-I;1'U ~'JU Sp-l vi1'\-1U1v1LUU

iI'Jijut~ n1'1L~3-Im3-l1ru1u'1~U Sp-l vi11~n1'1tllr:JP1'1';~
~ d d .. ~ "d '1. I .. ,J ., "..

ViUfjn'1'13-1'i'i{;1'i'i~ LViIr:JVl,,:;tJUtJU'\-IU1Vl~Ir:J~~u'1I?1UL'\-I'i'i1U ~P13-1
~

n1'1VlP1'i'iIr:J~L ~3-I L~3-I1P1tJn1'1Lu~tJuLLU'i'i~u'J~mlr:J 1 Vl~U1L 'Jru cis-

regulatory element v1 transcription factor L '\-I~1dtolU 1P1tJn1'1

LU~tJU"1n C LL'i'i:; G LUU A LL'i'i:; T 1?113-1rJ1r;)'U vi11mu'1~u

CBF-NF-I LL'i'i:; sp-113J~13-11'1tltolunu cis-regulatory element
~.", d d."", ~

L'UVi1:;1?1'J~P1 "J!~~'i'in1'1VlP1'i'iIr:J~Vl~P1~Ir:JP1~'i'iIr:J~nU~'i'in1'1VlP1'i'iIr:J~

v11~n~1'J3-I1.j;1~~u n~1'J~1r:J n1'1Lu~tJuLLU'i'i~u'J~mIr:J1Vl~ v1

cis-regulatory element ~1r:J~u1L'Jruv1to1u~lr:J~lu'1~u CBF '\-I11r:J

NF-I vi11 ~n1'1tllr:JP1'1';~ojiufjn'1'13-1'i1Ir:J~~U COLIAI 'i'iP1'i'i~ ~ru:;,
v1n1'1Lu~tJuLLU'i'i~u'J~mIr:J1Vl~ v11u'1~U Sp-l toIunu promoter

vi11 ~n1'1tllr:JP1'1';~ojiUfjn'1'13-1~Ir:J~~U COLIAI L ~3-I;1'u ~'JU'\-IU1
,

v1~Ir:J~ c-Krox 1u'1~u ij~~~~Ir:J~3"1n1'1~nM1L~3-IL~3-I Lrtlr:J~"1n

~'i'in1'1VlP1'i'iIr:J~~Ir:J~iin~toItJ~lr:J~n~3-Il~~'i'iv1I?1'1~.j;13-1nu 1P1tJ Galera,

LL'i'i:;~ru:;20 '11tJ~1U~1 c-Krox vi1'\-1U1v1LuuiI'Jn'1:;~u ~ru:;v1
,

18.' .'"1 ~ ~ l;
Widom LL'i'i:;~ru:; U1L~UIr:J'J1 c-Krox LuUI?1'JtJUtJ~

.i-'1' J ~ J ...d""" 'D'J ~~-3 ~'J'UL'D~~VlL~fJ-3 ~ 'U,,1'UL ~1~L~fJ-3 ~Pl'1-3'D'Jj;1'11'fJ-3'fJ1'1L'fJ'UL'fJ

U1'1.;;;~tJ'1~~1ru 8 -B"J 1~-3 1(;1fJL'D~';~11-3Ltlq"UlfJ~L;i:ffJ-31(;1fJn1'1

J '1' .1".1 ~

LL 'II'J'U~'fJfJLL~~,,1'UL ~1~L~fJ-3 ~~~iJn1'1Lu~fJ'U- LLu~-3'11'fJ-3'1~(;1iJ

L ~iJ'1L lln~'U (fibronectin) LL~~LiJ~1VJ\!~'U (!3-tubulinrl-22
0 ~..,,' ..

~1~'1iJL'D~~~'11-3n'1~(;1n'fJ'fJ'U (chondrocyte) VlLLfJn~1"1n"
'. ' d J '1 J d 0'1"

n'1~(;1n'fJ'fJ'U'II'fJ-3n'1~j;11fJ L~'fJL~fJ-3~'U"1'UL~1~L~fJ-3 'J]-3Vl1~~"
.1' ~ ".." "'1 ...

L 'J]~~~'1u'11-3~ nMru~LL iJ'UPl~1 fJ L'J]~~~'11-3 L~'U ~ fJ LL~~~ n1'1
"" ~.., d o..J J

~'11-3F1'fJ~~1L,,'U'D'U(;1Vl I LLj;1L~'fJ'U1L'J]~~'U"1n"1'UL ~1~L~fJ-3

'1.IJ'1 0'1" ".1" ...1.1'
~uL~fJ-3 ~(;1fJn1'1LL'II'J'U~'fJfJ ,,~Vl1 ~ ~L'J]~~Lu~fJ'ULu'U'1u'11-3n~~"

, "~" ~... ~~ .
LL~~n~iJ~1~'11-3Pl'fJ~~1L,,'U'D'U(;1Vl II '1'J~Vl-3~~j;1 cartllage-

d ...1 ~ .. "
specific proteoglycan 'J]-3Lu'U~nMru~'II'fJ-3L'J]~~~'11-3n'1~~n

~'fJ'U23 "1n~~n1'1Vl(;1~'fJ-3mPinIt11'J~1.iJ1-3~'U 'fJ1"nIt11'JLPi11n1'1

~11-3F1'fJ~~1L"'U 1(;1fJL'U~1~1tJ'1~'U COLIAI ,x'UL'J (sensitive)

[;]'fJ n1'1L tJ~ fJ 'ULL tJ~-3'1tJ 11-3'11 'fJ-3 L 'J]~';"

l'UL'J]~';~11-3n'1~(;1nLPi31n1'1~nM11(;1fJ~fin1'1rii(;1~'J'U'II'fJ-3"

COLIAI Promoter (5' deletion construct) LLtJi'Jinu1L.iJ1LUt'U
~ . . d ~ 0

'U'JLPl~fJ~'II'fJ-3L'J]~~'II'fJ-3~~Vl(;1~'fJ-3 (transgemc Inlce) ~'1'fJ'Dn'U1
, "'1_~ .. " .. J '1 J

'fJfJ1-3tl1'J'iL '111 ~U ~ 'UL'J]~~~'11-3n'1~(;1nVlL ~1~L~fJ-3 ~ 'U,,1'UL~fJ-3"
do,

(stably transfected osteoblast-like cell line) L ~'fJ~1j;11LL ~'U-3

~Pl'JiJF1~n1'1tl'fJ(;1'1';;;~Vl1-3-tT'Ufin'1'1~'II'fJ-3~'U COLIAll 'UL'J]~';. ." '0 ~ ~~ ...
~'i1-3n'1~(;1n ~iJ'J1~1~'1iJn1'1tl'fJ(;1'1~~~'Ufin'1'1~'II'fJ-3"'U COLIAI" .
l'Un'1~~n'll'fJ-3 transgenic mice ,x'U ~'fJ-3n1'1F1'J1~fJ1'J'II'fJ-3

.. ~" ~

COLIAI promoter Vl 2300 bp "1n'(;1L'1~j;1'U'II'fJ-3n1'1tl'fJ(;1'1~~

-tT'Ufin'1'1~24 'llru~~Pl'J1~fJ1'J 3600 bp 'II'fJ-3 proximal COLIAI.
promoter ~'fJ-3n1'11 'Un1'1tl'fJ(;1'1.;;;~-tT'U~n'1'1~ 1 'U osteoblastic cell

.." .. J '1
line LL~~L'J]~~~'11-3n'1~(;1nVlL ~1~L~fJ-3,,1nn~ ~ ~~n'll'fJ-3~'U

" "

Vl (;1~'fJ-325 ~vi1n1'1~'ifJ'fJfiiJ1fJti-3~1L ~j;1'11'fJ-3n1'iLtJ~fJ'U1?i1LL ~'Il-3" .
'II'fJ-3 cis-regulatory element 11'fJ1"Ln(;1,,1n n1'1LtJ~fJ'ULLtJ~-3

" ~". . d

'II'fJ-3~1l1'J~LL'J(;1~'fJ~'1'fJiJj;1'JL'J]~~ (mlcroarchltecture) ~'1'fJ

.1' .." '1"" .. "1
'1u'11-3'11'fJ-3L'J]~~~'11-3n'1~(;1n ~(;1fJL'J]~~~'11-3n'1~(;1nVl'fJfJ~'U" " " "

" " .."... ~ .. ..
n'1~ (;1 n ,,~~'fJ~'1'fJiJ (;1'JfJ L 'J]~~'II1-3 LPlfJ-3 LL~~L~Vlffi'J]'U'fJ n L 'J]~~

"

(extracellular matrix) 1 'Un'1~~nl 'U~1l1'J~~1~~~ (three
, .." ..J'1 J 1; ,

dimension ) ~'J'UL'J]~~~'11-3n'1~(;1nVlL~fJ-3 ~ 'U,,1'UL ~1~L~fJ-3'U'U'fJfJ" "

1 'U~-3LL'J(;1tJi'fJ~~L,j'UL ~fJ-3~'fJ-3~~L v11,x'U ~-3'fJ1"vi11 ~n1'1

vi1-31'U'II'fJ-3~'U COLIAll 'UL'J]~';~11-3n'1~(;1nLLj;1n[;]1-3ri'U ~-3"
" "'1'" "" '1""' .1' ..
'II'fJ~~Vl ~(;1n~1'J~1'111-3j;1'ULL~(;1-3 ~ ~L~'U'J1 '1u'11-3'11'fJ-3L'J]~~LL~~" "

L~Vl1n.j]'U'fJnL'J]~'; 31~~[;]'fJn1'1~11-31tJ'1~'UPl'fJ~~1L"'U 1 'U'1~riiiJ

n1'itl'fJ(;1'1.;;;~-tT'Ufin'1'1~1l1fJL 'UiA'JLPl;fJ~.

./' 9'" ..
luT'7"LL'ri:: 'FlT"ffT'7""'il'" 'l1'ri'ri (cell shape and cell structure)

n tJ'ri fii'il n'7TffT'7" L 11T;] UFI 'il'ri 'ri'7 L" u1 U T::r;i'11 n'7 TC1'il PI TUff

WUfJnTT3.J. . loJ . I . I ' ~... .. q ,
n1'iLlJ~tJtiLLlJ~~'ilJ'i1~LL~:; ~~'i~~'i1~"II'fJ~Lon~~ 2-J&,J~tJ1'fJ. "

... ~.I q 21-23' .J'.. ...
n1'i~'i1~ ~lJ'itJ1ti~'fJ~~1 L~ti 'rIU')1n1'iL 'rI1:;L~tJ~L en~~~'i1~

... '1 ... ..~ ...
L~ti~tJ"II'fJ~'I.\,:L2-J1~ ~~tJn1'iLL"II')ti~'fJtJ (suspension culture) ~')tJ

~1'iL2-J~iii~Len~~:1~~ (methyl cellulose) vi11-:.itui1~"II'fJ~Len~;

~11~L~ti1tJ 31tjin~cu~n~2-J LL~~ii~'rIU~1n1'i~11~1U'i~ti~'fJ~
~ oJ ~..". ~

~1L~tionti~VI I LL~:;'i:;~U'fJ1'iL'fJtiL'fJti1'i'l.\~"II'fJ~ COLIAI ~~

~~n~ 5 L vl1Ld'fJLmtJUL \/itJunuLon~;'DU~L~tJ')nti~L;t;tJ~Uti
.J' d ..q .1' ~ q q ... '1.1 '

~1tiL 'rI1~L~tJ~ en~Lon~~2-J'ilJ'i1~~n~CU~L~tJ,)L'itJ,) tJ~ ~lJn,)1
"

~ d~ . ..". ~

titi~'i~'D')tJ1 (half lIfe) "II'fJ~'fJ1'iL'fJtiL'fJti1'i'l.\~ COLIAI ~1n
..oJ.J' '1 .J' q, q .1

Lon~~VlL~tJ~ ~ ti~1'iL 'rI1~L~tJ~LL "II')ti~'fJtJ 2-J~1L 'rItJ~lJ'i:;2-J1CU 2
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n11LuirJ1,/LLUfY"lUi1"LLfY::LPl1"ttT1"'IlfJ"L'1JfY; (ceil shape LLfY::

~, '" ~ '1 """
cell structure) YI:JCJfYPlfJn11tt11"PlfJfYfY1L,,1,/ fJ1"fJfi'lJ1 rJ 'PIPlf}rJ

L U~ tJ ULL u~~ 1 ~'j'~~11~~13.J~ ~'IJ'f)~~U 1 U U ,)L~;tJ~LL~~'f)1"~~~~

t;llE)n1'j'tl'f)~'j'\";;~wufin'j"j'3.J'IJ'f)~~U COLIAl32,
"1nn1'j'vl1~l.jtJ'IJ'f)~~ L ;jtJU'lJru~vl1~'V1tJ1U~ufi331~tJn1'j'"

clone, sequencing 'IJ'f)~ NPINMP4 LUU transcription factor

1un~3.JIJl'j'~Q~ zinc-fmger DNA binding domain ~~~U11~

~')ui,)3.J1 un1'j'~,)U~3.Jn1'j'tl'f)~'j'\";;~wufin'j"j'3.J'IJ'f)~~U COLAl, ,

n11n~1tJU')~m'f)L 'V1,f1'IJ'f)~U1L')rn~l.jU'IJ'f)~ NPINMP4 vl1L-:in1'j'

~11~~'f)~~1L"UL~3.J;iun~~13.JLvl1 ~')un1'j'L~3.Jm3.J1rn'IJ'f)~

1u'j'~u NPINMP41 UL'D~;~11~n'j'~~n ~1J11n1'j'~11~~'f)~~1"

L"u~~~~n~~'f)~"'1'f)~13.JLvl1 ~~LL~~~L -:iL~U11 NPINMP4 vl1
" - ~

",ii 1 ~ LU U;,') iiu ii~ t;l 'f) n1'j'~11~ ~'f)~ ~1 L"U L UL 'D~; ~11~ n'j'~ ~ n
"

" ,
LL~~ NPINMP4 'f)1""~Luut;i')ViL:n'f)3.Jt;l'f)'j'~"'11~n1nu;tJU-

LLU~~'j'ui1~'IJ'f)~ L 'D~;~~~~~ LU ii~ 1~'j'~~11~'IJ'f)~~1 tJWUfin'j"j'3.J" ,
~ ~ ...

LL~~n1'j'tl'f)~'j""~~Ufin'j"j'3.J'IJ'f)~"U,

a'a'IJ
'I

r::1J1J tissue matrix

. . .. d "~ , ~..
TIssue matrix rI'E)n11L 'n'E)3.Jj;1'E)1'J3.Jn'U1:;~'J1~L3.JV11n'n'U'E)n

L'n~;nU111 tJ1 'UL'n~;nU111 tJ1 'UL'n~;1'J3.Jvf~~'U1 'U 11'J LrI; tJ~

1~tJ'E)1IiTtJ1:;UU lr11~i1~~~1'Un'ULu'Uj;11'J!1 tJ (skeletal frame-

work) 111tJ1'UvT'JL'n~; 1~tJt~3.J"1n~111.3.JV11n.lf'U'E)nL'n~;~'E)1:J
"

1'E)uvT'JL'n~; 'E)1V1L.J!'U rI'E)~~1L"'ULL~:;L vJLUL un~'U ,,:;tj~~~

nUtfJ'UVln1'U (integnn) ~~LU'U transmembrane protein 'E)~~

~'UfJ'J"II'E)~L'n~; ~'J'UU~1tJ"II'E)~tfJ'UVln1'U,,:;'E)1:J1 'UL'nl V1'Vi~1~"

on3.J"II'E)~L'n~; (cytoplasmic domain) ,,::tj~(;]'E)n1Jlr11~i1~"II'E)~

L'n~; (cytoskeleton) ~U1:;n'E)ULUWt'JtJ LL.e)n~'U (actin),

L3.Jlr11V1uu~";; (microtubule), L3.Jlr11YJ~1L3.J'Uv1 (microfilament)" "

LL~~lu1~'U~L~tJ'J,j"E)~nULL~n~'U (actin associated protein)
~~~~~..o ".,J" ~ .,Jd ,

~~'U'U'E)'UV1n1'U,,~V11~'U1V1r1~1tJj;1'Jn~1~V1L'n'E)3.J1:;~'J1~

'" ..~ .. ~
~~LL'J~~ 'E)3.J111tJ'U'E)n"ll'E)~L'n~~nU111tJ1 'U"II'E)~L 'n~~ ,,1n'U 'U

lr11~i1~"II'E)~ L'n~;":;L ~'E)3.J ~ ~ (;]'E)nU111tJ1 'U 11'J LrI; tJ~ Wt'JtJ

11'JLrI;tJfL3.JV11n.lf (nuclear matrix) ~~Lu'Un~3.Jlu1~'U~tj~

Ln1:;n'ULu 'U lr11~i1~~~1'Un'UL U'Uj;11'J!1 tJ'E) 1:J111 tJ 1'U 11'J LrI; tJ~"

1'U 11'J LrI; tJ~J 'U ~ L ~'UL'E)~1'E)~'U'J1~'E)I:JU'U 11'J LrI;tJfL3.JV11n.lf
"

vT~J 'Un11L u~ tJ'ULL U~~,,1 n111 tJ'U'E)n"ll 'E)~ L'n~;~vi11 ~ L'D~;

LU~tJ'ULL u~~1ui1~ 1:J'E)3.J~13.J11C1~ ~~ (;]'E)n11L u~ tJ'ULLU~~
"

lr11~~11~"II'E)~11'JLrI;tJfL3.JV11n.lf 1~tJ1:;uU"II'E)~ tissue matrix

LL~:;~~~~(;]'E)LUiI~ lr11~~11~"II'E)~~'U 1'J3.Jvf~n11C1'E) ~1';;;~

~'U1!n113.J"II'E)~~'U26-30

"1noiJ"E)3,J~~nfi1,)3,J1oiJ'1~ifru 1ifrU1L~U'E)ti~n11r1,)Ur13,J" ,
, .-

n11~11~r1'E)~~1L"U'ilU~Vi I vT~1 U1~(;)Un11C1'E)~1i1:~Yiufin113,J,
L ~'E)~11~'E)1fLtr)UL'E)U11i1:~, n11LLU~itlJtlJ1ru'jJ'E)~'E)1fLtr)UL'E)

u11u LUU~1tJ1u1~U LL~~n11UfuU1~~1tJr1'E)~~1L"UL ~'E) 1':';,
L~3,J1~~3,Jriun111-K~1u n11vi1~1Ui,)3,Jriu'jJ'E)~n~3,J transcrip-

tion factors uu cis-regulatory element 1,)3,JvT~~111,)~LL,)~~'E)3,J

(microarchitecture) LL~ ~1U i1~'jJ'E)~ L 'iI~;~ ~~ l'\ 'E)n11ri1~u~"
Q ~ ~ Q d d
V1P1V11~n11C1'E)~1~~;AjUfjn113,J'jJ'E)~r1'E)~~1L"U'ilU~V1 I n11V1,
~13,J11C1r1,)Ur13,Jn11~11~r1'E)~~1L"U'ilU~~ I 1~ U1~(;)Un11,

~ ,d"
C1'E)~;AjUfjn113,J ~"~L~3,J1~~3,Jn,)1n11V1"~r1,)Ur13,Jn11~11~, " ,

r1'E)~~1 L"u1 U1~(;)Un11LLU~itlJtlJ1 CIJ'jJ 'E)~'E)1fLtr)UL'E)U11u LUU

~1tJ1u1~U LL~~n11ufuU1~~1tJr1'E)~~1L"UL ~'E) 1':';L ~3,J1~~3,J,
riun111-K~1u vT~1 ULL~n11U1~~if~;Aji~~1ULL~~L,)~1'jJ'E)~L'iI~;

~ 1:- d "'I "'I"
~~uun11V1~13,J11C1L'jJ1 L" LL~~r1,)Ur13,Jn11~11~r1'E)~~1L"UL~,
L'il;Aj1~L"1~,,~1 UL 'iI~;LLl'\~~'ilU~ "~~13,J11C1U11u~n11U1:;tJnl;i'" ,

1-K vT~1 ULL~'jJ'E)~n11fn~LL~~i1'E)~riu11r1~L~tJ')oiJ"E)~riUr1'E)~~1L"U

'E)1V1Lorlu 111,)~Ln~Yi~~~ 111')~n1~~n;Aj1U LL~~11r1mvTul;i'
" ,

iin L~U 1~'E)£J1~~U1~~V1fi111;Aj LL~~L'il;Aj1~L"1~,,~l'\'E)'E)rJtJ')~

n~3,Jti11~3,J1tJ 1~tJ'E)1""~LUUn11r1U~1 transcription factor
d 'I"" " "'I
V1;AjUL'il;Aj1~ LUL'iI~~~11~n1~~n ~1'E)L'iI~~~11~L~ULtJ (tissue-

specific) transcription factor) ~~,,~~~ri'E)1':';Ln~U1~1tJ'ilul'\'E)

n11u11u1-K rJI')'E)£J1~Lorlu L11'E)1"~13,J11C1f11~ifrun11~11~,

.Id .1 .1 ' .- '" '
1U'fln~1nn1'jLu~fJULLu~~'ju11~Lon~~ ~~3,J~~IJl'fl ~'j~-

..

~11~"IJ'fI~~ULL~,) lu'j~uu1~onur;]1 UU,)L~~ fJ~iI~'fI1~~~~[;]'fI

1~'j~~11~"IJ'fI~~u~,)fJ lr;]fJ Alvarez LL~~~ru~31.32 L~~U~U

lu'j~u NPINMP4 ~~LtlU nuclear matrix-architectural
. . oJ ~ ~ ,

transcnptlon factor on~~unu COLIAI promoter 'j~~,)1~

3489bp:;~ 3434bp (-3489/3434) LL~~ 'j~~11~ 1594 bp
.. ~,,~
t1~ 1541 bp (-1594/1541) ~1n'r;]L'j3,JIJlU"IJ'fI~n1'jt1'f1r;]'j~~

-rTufin'j'j3,J~~Ltluu1L,) ru~~'fI~n1'jl un1'jt1'f1r;]'joJ~-rTufin'j'j3,J 1 U. .
.. .. o~ ~""
In VIVO LL~~ In vitro 1Jl13,J~1r;]U ~1nn1'jV1r;]~'fI~"lJUIJlUr;],)fJ
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liUrlu cis-regulatory element "IJ'fI~lu'j~uJu 1 (circular

pennutation assay) ~U11 NPINMP4 ~13,J1'jt1LU;fJULLU~~

'jUi1~"IJ'fI~~ULv11r;]fJn1'jUr;]~'fI~Ltf1UL'fI ~~'fI1~vi11 ~Lnr;]n1'j..
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Abstract
Type I collagen is the major insoluble fibrous protein that found in bone, dentin, dermis and tendon.

In this review, we focus on the mechanisms of type I collagen synthesis and regulation including transcription,
translocation of mRNA from nucleus to cytoplasm, translation from nucleotide codon to amino acid as well as

post-translation modifications which are necessary for the collagen. The participation of nuclear transcription
factors such as Spl, NF-I, CBF and NP/NMP4 in the COLlA I transcription is also described in here. The

experiments that leaded to the tissue-specific regulation of type I collagen hypothesis are also included in this
review. The knowledge, that we gained, could be further applied to control the pathological diseases such as

fibrosis, osteoporosis and periodontitis.

(CU Dent J 2001;24:145-54)

Key words: tissue-specific regulation; transcription; type I collagen
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