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The Effect of L-Ascorbic Acid on the Formation of
Immature Crosslink in Bone Collagen in vitro

Mi-Hyang Kim
Dept. of Food and Nutrition, Silla University, Pusan 616-736, Korea

Abstract

Intermolecular collagen cross—links stabilize collagen fibrils and are necessary for normal tensile
strength in collagen fibrils. Once the fibrils are aligned, hydroxyllysine, hydroxylysine—derived aldehyde
modified enzymatically, reacts with hydroxylysine to form the dehydrodihydroxylysinonorleucine (DHLNL),
an immature crosslink. Pyridinoline, one of matured cross-links is presumably formed nonenzymatically
through condensation of DHLNL and hydroxylysine residue. It is widely distributed in hard connective
tissues such as cartilage, bone and tendon. L-ascorbic acid(AsA) is well known to be required for the
enzymatic hydroxylation of proline and lysine in collagen fibrils. The purpose of this study is to clarify
the role of AsA on the biosynthesis of DHLNL in vitro. We examined the effect of AsA on the formation
of hydroxylysine and DHLNL in collagen. Pyridinoline and DHLNL were measured as a function of time.
The contents of DHLNL was increased, reached maximum within 2 hr and was held until 24 hr, then it
decreased slowly. On the contrary, pyridinoline increased gradually after 24 hr and continued to increase
for 2 weeks. Moreover, the contents of DHLNL remarkably decreased at 60 min after incubation, the
contents of DHLNL was decreased by addition of AsA or dehydroascorbic acid(DHA). These results
suggest that the supplementation of AsA causes decrease in DHLNL formation and pyridinoline formed
by nonenzymatic reaction of DHLNL.
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A ¢¥t}. AsA7} DHLNL 448 oA 3tA v hydroxyly-
sine?] & -amino7|$}e] BF-3-g- EX1¥ i, A7 el
X% pyridinoline 443 & 2H& 4 ¢z, =39} Y=
collagen B-83o 23 24 H3E JA st Fdol
g 7oz g 4 stk
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Dehydroascorbic acid(DHA)<+= Sigma Chemical Com—
pany(USA) &2 B8] 9] 38}4] 31, ascorbate(AsA-Na), B-
aminopropionitrile, hydroxyproline, hydroxylysine2 (5)
FIAAZE T 2 (Japan) 1A T 3k T} Sodium borohydride
*H]%= Du Pont Company 2%}, scintisol 500-& (F)[F]
MMt (Japan) 2 2 53-8] Tt 48 dF92 (F)
HIRZ S (Japan) ol A =4 F o] A% A8 F4
3141t} DHLNL pyridinoline standardi= 2+ Fujii 5
3} Fujimoto 5<] W o 98] &34 tH10,17). 2,3-
diketo-L-gulonic acid(DKG)+ &/ 52 vl 23}
o} A8kl tH24). 43 DKGE dinitrophenyhydrazine
4 2 HPLCell 98} =& 2Absle], 98% 0]4te] A&
ALg-3}od ).

& 7124 collagene| =&

7vazt Aol A8 2= | 7H-3 collagens 49
AZS A A2l sted IM NaCl& L33k 459(0.00M
Tris—-HCl buffer, pH 7.5) 2.2 4°Ceol| A 2413t &34
tHFig. 1). YA E=] el ) dol4l 45 H ) NaCl& A
7heted AEE% 20%2 ZAT T 4°ColA 324 wut
slo] Al 2] ol o] s AH5 2] v] collagen A ¥-& A~
stodth oozl AAEL 0.15M NaClg £33l &3
(0.IM NapHPO4 buffer, pH 7.8)& AHg-3le] 4 &
A Eelste] ASdg AR stgoh

E4 lysyl oxidasee| FE2& |

Lysyl oxidase®] Z A& Fig. 29 vFepui i} A%
£ AAZ 29 959 20go] 4E9 A0.15M NaCl/ 0.1
M sodium phosphate buffer, pH 7.8)5 40ml 7}&}od #3&
3 F 941 8-2](17,000g, 10 min)dl| £ 8}e] edojzl A A}
of 2+3d BE slete] A4F FE3gch €Al 25
2% A 28] § DEAE-52 cellulose columnell -8}3}¢3
£3o0) 280nmelA FHE 0.3 o)5tr} & wrtA] ek

Bovine cartilage

— added 1 M NaCl/0.06M Tris-HCI buffer(pH 7.5)
— homogenized at 4°C

— centrifuged at 20,000g for 20 min

Supernatant

— added NaCl to a final concentration of 20% saturation
— extracted at 4°C

— centrifuged at 20,000g for 20 min

Pellet

— added 0.15M NaCl/0.1M NaHPO; buffer(pH 7.8)

— dialyzed overnight

I— centrifuged at 15,000g for 10 min
Supernatant

Substrate

Fig. 1 Preparation of substrate from bovine cartilage.

Bovine aorta(20g)
— added 40ml of Buffer A"
— homogenized at 4°C
— centrifuged at 17,000g for 10 min
Pellet
— added 40ml of Buffer B?
— homogenized at room temperature
— centrifuged at 40,000g for 60 min
Supernatant
— loaded on DEAE cellulose column{(3.5% 20cm)
|~ washed with Bufer B until the absorbance of the eluate
at 280nm was about 0.2
| eluted with linear gradient(400ml of Buffer B and 400
ml of 0.5M NaCl/Buffer B)
Eluate
) monitor at Agso
Fraction(No 38~50)
dialyzed for 36 hr
freeze—dried over night

Lysyl oxidase

YBuffer A : 0.15 M NaCl0.1 M NaHPO,
“Buffer B : 6 M Urea/0.05 M Tris-HCl buffer(pH 7.6)

Fig. 2. Purification of lysyl oxidase by DEAE cellulose ion-
exchange column chromatography.

A BR A 3tgd ). Buffer BE &3] 0.5M NaCl/
buffer BE B3zl ¥ A" =giyel o3 &
)3}l 8Z 912 fraction collectorZ ©] £-3le] 9mlH
283t =194 280nmell A} FBE 0.2 o4& Ve
L2 RE no} 95 B FollA 297t FA sl o]
Abe] zatel] o8] PoiAl FANANE 2EAL YR 54
FAAZF -80°ColA BAREIY. AadgA e
Lowry® ol 2|8 &7t vH(25).
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In vitroollA DHLNLZ} pyridinoline
ikl

A3kl 97184 collagen 0.2mg2 ¥ 3 2413k 37°C
oA A% - 7F8l ) o17]00] H-E A A FF lysyl oxidase
492 3mg/oml == HRAPOZ A F4E Hrlss
Alel] buffer AE 2ml H7}sle] A A 71e] 720 93
AlFHAE =) 9l 2~3u2-9] toluened X&) A7}
stk AAA o2 A3 Adle] 4 F2](20,000g
X 20min)el] &) Aozl AA
6N HCI& 5ml 713 ¥ &4 x%kste] 110°C 2047
A7k st Zhe el &S AR 23] 2miz
st 24 A g2 sttt Hyp 32 Woessnert o] ¢
#}o] pyridinoline® HPLCel &8 &3 8}41tH26,27).
Hydroxylysine<- postcolumn® ol 2}3sle] &A3}ed
o] FAtoll&= 0.2N Na'citrated buffer pH 3.2:0.6N Na"
citrate buffer pH 10.0(91 : 9)& A}-4-3}%it}. DHLNLS
postcolumn & 334 o} 9] 5] £4]38}L(Table 1), 77 28
wlo} B-3)s}ed 1 upAbEA] & scintillation counterel] 9
3 FA st whg F Al g el 24 NaBHsE 10mg
A7vebed 3022 A E3e] wE-3-A17] F o} A] NaBH. 10
mg A7}ste 1417k A F3te] #4471k CH;COOH
2 pHE 43 23} ub-e-& HX A7 3 44 28]
& FAHEE Ao 7zl 24482 3o}
(Fig. 3).

AsAV| B4 BE20llAM DHLNL MMof| o|x|= g&

7| EMSIOM L} AsAe] B3}

4 7}-4-A collagen 0.1lmgel] AsA-NaZ ImM 5 =&
H7veta 37°Cel A ZF- 73k e 2412k o] AsA,
DHA, DKG ¥=& A %34} AsAE HPLCE o] 43}
o] Aeksle] 37(28), DHAE DTTE #Y A7) 3 AsAS
22 sto] F4belg o). DKGE HPLC ¥ hydrazine' ol
ol ==& T ALsle] 98% o] 4e] A& Ahgstslch

A 7H8-A collagen 0.1mge)] AsA-NaS 1mM %=+ DHA
ImME =5 H7bslgch ol Aol st h5-H(0.15M
NaCl/0.1IM NaHPO, buffer, pH 7.8)° AsA-Na 1mM
== DHA 1mM-$& 78t e}. 242 37°CAl A 215 - 7}
2ol AAAOR 7 2 E ZA )

Table 1. Chromatographic conditions for amino acid anal—

ysis

Apparatus . Hitachi 835 S-Type

Column © 150X 2.6mm id.

Eluent : Citrate buffer stock solution 5X

Packing material : Hitachi Kastum ion-exchange resin

Flow rate . Buffer-0.225ml/min
Ninhydrin-0.3ml/min

Temperature 1 98+0.3°C

Detector . UV detector(440nm, 570nm)

25 Aperael &4

o]

i

Reaction mixture

— incubated with shaking at 37°C for 30 min~7 days
added 10mg NaBH4

shaked for 30 min

added 10mg NaBH4

shaked for 60 min

ajusted to the pH 4.0 with acetic acid to stop reaction

— centrifuged at 20,000g for 10 min
Precipitate
}* hydrolyzed with 3ml of 6N HCI at 110°C for 20 hr
Hydrolyzate
evaporated to dryness under vacuo
filled up to 2ml with HxO
filtered(pore size 0.451m)
DHLNL analysis

Fig. 3. Enzymatic reaction for the formation of dehydrodi—
hydroxylysinonorleucine and reduction of reaction
mixture.

AsAZt AN BIS0IA DHLNL 40l ojX|= g&

7184 collagens 37°Coll A} 24) 7} 2% - 7128
AsA-Na =+ DHAES ImM HE%F AHrbsla 49
7Vsted 37°Cell A 30+ 2 60% A5+ 7Fs o). =3 o
Z70 24 lysyl oxidase®] #3849l B-aminopropionitrile
(BAPN)E #H7}3le EAE 718t 2% - 7Hestdo)
HydroxylysineF-& 24 7k 3-o] &3 3}9l 1, ¢ —amino
71 & 7} = lysineSE ) A sk ch(Table 2).

tlo ok

Zn 9 2%

Hyl @ DHLNLZY¥ pyridinoline A o] oA=&
7 2% Fig4 o A A st} £ A ¥l 4= hydroxyall-
ysine® DHLNL 5-98] 71528 £ @314] &= 47184 col-
lagens A1 8 2 3l 37°C b5 FollA] A5 - 7F28h4
A AsA == lysyl oxidase 5& A7}8}= model BF-2-A)
£ A9 5] DHLNL¥ pyridinoline 2343 8] 7 A| A al ¥
3} 4 AsA 717} DHLNL 34l vlx| & o & 2418}

Table 2. Chromatographic conditions for determination of
cross-links

Apparatus . Shimadzu LC6-A
Column : Shimadzu shim-pack ISC-07/51504
Na column 150X 40 mm id.
Eluent : 0.3M sodium citrate buffer pH 4.49
Reaction phase © A-NaCIO, B-OPA
Flow rate . Buffer-0.3ml/min
Reaction phase-0.2ml/min
Temperature 1 55°C
Detector : Fluorescense HPLC monitor
RF-550

Excitation wavelengh: 348nm
Emission wavelengh @ 450nm
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HC~CHy~CHy~CH-CHy~NH; ——

NH Lysyl

oxidase

Hydroxylysine

—NH-CH-C—

CH2 CHO

] CHOH
CH R
N CHy

o

CHs Hydroxyallysine

Dehydrodihydroxylysinonorleucine

—HN—CH—(I.T,—

{
920 Cl)H
HCII-CHz-CHz-CH'-CHO
rilH
Hydroxyallysine

Pyridinoline

Fig. 4. Postulated scheme of biosynthesis for pyridino line(17).

93t} DHLNL+ collagen 59| #%7Fa® L 32 col-
lagen 9] o2 2 vejveio} sl collagen 52| Hyp ¥l
£< 9 1103H71/1000%7] o1 v UubA 4l collagen &
eFH A& Hyp §tekg =4 8ko] collagen §aF 22 FHAF
¥ o2 DHLNL % Hyp %l & g2 vehi ek

In vitro |- DHLNLE} pyridinoline el ZA|
A s}

DHLNL 443 & 2 pyridinoline A4 3, Hyl&2 7 Al
z W3E Fig. 59 Yher sl DHLNL-S 30% ¥4
A Absdlel 2 2A1 21| Al Zobeb et 244 7 F
7t e A9 W3E vehix] edghov o 3 eukslA
Frasled 79 Fo)= 2454} Pyridinoline DHLNL
o] sk 3~54 Alo]el A ao] Frletel o= 2 DH-
LNLellA] pyridinolinee] B4 =7] ¢sle +d3 = 2
83 Aoz Vel =3 545 AR 98 AE ¢
ol DHLNL- A3 AA = A edghet. @ eofz 58] 5
2%} lysyl oxidaseE A7}t DHLNL AJAd ko] A A
Al WalE Ad 2 Ayte o, 612 7HR] F4535HA
Z7betd 3 24X 7R = gt Sl AlSE 9 ey
2 . 340] AlpA] 2AlEE Ao 2 MaEm 9rhH29).
B A8 A= DHLNLY ko] 19 F zhaste
AEE vhehgig o), obrlieat 2hr] 2] A o] tia o}
2o 337474 o8 iAo Gt AR 55
HojAlcl, E3F hydroxylysineFS EAHEH-(0~24471)
Z 7tasts A el 2 =2 hydroxylysine©)
DHLNL=Z #W3lg 71 o2 B ¢ glth 1 F hydroxy-

—s— DHLNL
—e— Pyr
64 | —4—Hyl 0.6

DHILNL/Hyp (unit/mol)
Hyl/Hyp (mmol/mol)

Pyr/Hyp(m molimol)

[-05

0 1 2 4 &1 3 35 7 1 M4

Fig. 5. Concentration of dehydrodihydroxysinonorleucine,
pyridinoline and hydroxylsine in soluble collagen
in vitro.

Soluble collagen solution was incubated at 37°C.
DHLNL: dehydrodihydroxylysinonorleucine, Pyr: pyr—
idinoline, Hyl: hydroxylysine, Hyp: hydroxyproline

lysine kel & 1317} g9l ov) 109873 ol 7 F71st
L A ko] Vhebydth 0171 S pyridinoline A4 A of) 9]
oA Z=AH A= 37k 2] AR F DHLNLe] 2841 A
3% ¥ hydroxylysine & #x}7} sl 2l gtcle H & A4
e o2 Algdc
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B AYe AFE3e] DHLNL AL 9§ 244 9
&2 F 241 7A A9 FREI &S A F 308
d deluvis Ao g vepydth =3 T o] Fof dolrt=
B &4 5h-go| A& DHLNLS A9 2481 59 o] 3
ol pyridinolineo] A A2 F713l7] Aztslgc). 18 ®
2, 523 b8 0X 7N AR E] 24 2171 R] 2 4 A 3o
in vitro model ¥F3-A & A A 3]

AsAT} A 8E20l|A DHLNL MAoj ojxl= 8

AsA®] Fal& 4o Foll A pHell & < 3-& k=t
A BT A A 3 AsAztE B AE 242 pH 7.8
A= 4 A7t Fol| Ak3}tE o] DHAR =3 DHAR v}
2,3-Diketo-L-gulonic acid(DKG)2 ¥ 3}st= o2 &
#HA gleh a2l 52, B A¥ A= invitro model ¥H$-
Al AsA H7H 8-S 317 Aol AsA A4S A A1 H
W g Ao} w3 7)Ao EA7) AsA 2AlA]
73 #EglE AR dalEng AsA ¥ DHAE 7]&
EAQslellA 1 W3S zASIH L, 2R A4A u
$(0~2A17hell vl xl& AsA9] 43 4 DHAZ} DHLNL
A ekol] vz od gkell diste] e

Fig. 69l AsAE 71" &A}s}el pH 782 71-238l9&
o AsA, DHA ¥ DKG9| ¥X H3-E vepidch 27
% 1mM2] AsAE 24 7bol| 2/3, 447k 1/374A] 7t
stda o & A gastdch ¥, DKGE 247t
o} 6mg%7HA| S7FA AL 6 AR AL 2L FEE
FA skt 5X 7 Foll AsAE DKGZER T} gghon]
2 ¥ DKG#E A& 7+4stel ol DHAE 1Img% ©) 319
vlgko 2 Ak dA S fA3lg ) AsA F=9 DKG
59 A= 641774 ¢ 19.2mg%(ImM)el e mg
pH 7.8¢14 DHA+ ti5t3] E<ebd el & DKGE H3}
g AezE 324 £ gloh AAWANA AsA7} AbshE
o] monodehydroascorbic acidell 4] DHAZ = 3 gluta-

B —e—AsA

—a—DKG

(mg/100 ml)

AsA, DHA or DKG concentration

hour

Fig. 6. The degradation of ascorbic acid during incubation
with substrate.
AsA: ascorbic acid, DKG: diketogulonic acid,
DHA: dehydroascorbic acid

thione 52} YAV FA A4 AL o8 dRE AsA
Z oA B4 B S ol e B AR o]
A 1A Felld AsAve F43] AEd e 2 ey

714 EAA &= v]EA Al AsA 2 DHAY 24
A 7He Fig. 7ol Yeb gt} AsAE 459 FellA 7113
EA A 2 &Ale] Al Wyl DHAE 204 Foll=
72 aAlstd oo Aolel v 2 & DKGE ¥
313k Ao 2 4 gtk DHA®S| A% 44 A 7ho] diwta]
w2 e 2 7|ale] 2 wel £ slA] g o & o]z}
Al ok B model BF-3A ol A collagen 713 &2} 8} 4]
ImM9) #9138 AsAE A X 5~6A 7171 &A=
o2 eyl

7144 collagenol] AsA 2 DHAE #7}sle] 37°Cell
A] 30%3 603 #1% -7} F9] DHLNL 443 3%-& Table
3o Yrelfigith AsA 2 DHA #H7}ell 9 DHLNLY
AAeke g3 A=) 608 A A E AsA
2 DHA 7122 dla2Fe ve) @& 43 & el o
t}, =3k AsA9} DHAE |23l 303 2 60% 254

25 1
—&— AsA + Buffer

—&— AsA + Substrate
—&— DHA + Buffer
—3— DHA + Substrate

20 F

AsA or DHA concentration (mg/100 ml)

hour

Fig. 7. The degradation of ascorbic acid or dehydroascorbic
acid during incubated with substrate or non sub-
strate.

AsA: ascorbic acid, DHA: dehydroascorbic acid

Table 3. Effect of AsA, DHA and BAPN on the formation
of dehydrodihydroxylysinonorleucine of soluble
collagen in vitro

DHLNL/Hyp(unit/mol)
Compound 30 min 60 min
Control 0.245+0.005" (100%) 0.321%0.009 (100%)
AsA 0.201£0.009°2( 82%) 0.212+0.022 ( 66%)
DHA 0.233£0.010 ( 95%) 0.231+0.013% 72%)
BAPN 0.169+0.005 ( 69%) -

YValues: mean+SE. “Significantly different from the value of
the control group at a(p<0.001). Soluble collagen solution
was incubated at 37°C for 30 or 60 minutes, respectively.
AsA: ascorbic acid, DHA: dehydroascorbic acid, BAPN:
B~ aminopropionitrile, DHLNL: dehydrodihydroxylysinonorl-
eucine, Hyp: hydroxyproline
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Table 4. Concentration of hydroxylysine and lysine of
soluble collagen in vitro after incubation for 24

hr
Hyl or Lys/Hyp(mol/mol)
Compound Hydroxylysine Lysine
Control 0.239+0.009°( 100%)  554%0.07(100%)
AsA 0.240+0.016 (100%)  6.9310.06(125%)
DHA 0.226+0.012 (94.6%) 6.89+0.10(124%)

YValues: mean= SE. Hyl: hydroxylysine, Lys: lysine, Hyp:
hydroxyproline, AsA: ascorbic acid, DHA: dehydroascorbic
aicd

o o) Aol YIHE 7 oA ETS} EL Ao

ehgeh 53], 30% W82 7% AsA 7ol 60+ 1wt
£2] A% DHA #7hte] ol vl8) fedoz 7t

228} vH(p<0.001). AsAdl 1% DHLNL A < 4]l =
D712 8]lo] E2E2E X =4, 1 PR A collagen ¥
A 9} hydroxylysine® AsA<] A+8}8 o] N —(carboxy—
methyl) lysine(CML)& 344 & 71544 ¢] 91222 hyd-
roxylysine®] 4n]3Fdl] AsAe] FedsEA1E A
AsA ¥ DHA FH7bol 23 24417} ¥ hydroxylysine
% lysine®-& Table 49 Yeblisich, = A3}, hydroxy-
lysine % lysine 33kl tidt AsA = DHA| &gk <3 g2
B2 dgko B2 AsAdlh g A= dlAtHe e
AsAZ} hydroxylysine 2 lysine® HF-$-31e] 712 9
¢ ~amino?| & A¥|E AL old AR FZHT
Lysyl oxidase® 1 2455 7354 283l HAL=E
4] o-quinone?] pyrroloquinoline quinone(PQQ)2] &)
& & 9 2lth 1980 ZMbell= pyridoxal phospate (PLP)
7} BEAR dezg oy 4o dENY lysyl oxidaseol
A& PLP7} negative®t 1 2.2 93 5 v} (30). A& &
plasma amine oxidase®] A% EiAE &40 FAR
4l trihydroxyphenylamine(TOPA)$] quinone$ ¥ 33}
+ PQQ7} carbonyl cofactordl Ze= #el=lelth(3l).
Lysyl oxidase®] #A¥= o}z Q=] ¢gror)
PQQ~} cofactora] Aoz oeix] 9l 2 Ak3ukS- 7]+
+ amine oxidase®} 7] &) 2] & Ao g F&F),
2 A2 A2 RE collagen v %7} DHLNLS
AsAS} 1 A3} A EQl DHAC 9J8te] A o] oals
932, 3 AsA2] JA &7} Fol AsAg] A=A
9} A&o] zA Fsta gl AR FE5H . ol
s3le 24 9] 9k-3-Al Y carbonyl cofdctordl PQQY,
T & A we A 02 Fste HAAE TRt

A& FFFAE Slek,

2 o

F 43 ¥k-go 4] n]<7ka DHLNL A4 off o &t AsA
9] 38ks zA}slr] 93 hydroxylysine 59 collagen
712 g T34 9= 97184 collagens A B2 AL

3t in vitrool Al DHLNL k<] w3t Fabsiqict
DHLNL# pyridinoline 4§43 ¢} 7 A2 W 3ol &4
uhe-& uk-gAN A F 308Ul ol dojre, Eaub-goll A A
A9 v <715 DHLNLS 1Y o] 3-4¢ 7h4sled 54 o]
F ol A %73 pyridinoline 0.2 ¥ 33l R 2.2 e}
wieh =3 A48 uhgolA AsAst DHA A7be g2
o) u]s) DHLNL A4-€ A8kl 12, 53] DHAR} AsA
ol 9leiA L GA A= Fohrh o2 2022 col-
lagen S04 AsA9] At3}8 3} hydroxylysineo} ¥hH-g-3}
o CMLE AAE 7l % 9) 2= 2 hydroxylysines
AH] 2ol AsA9] T 15 Al oY, AsAdl %
A A} &= hydroxylysine 2 lysine2] Hh-g-oll 2] 5le] 7]
Z9] ¢-amino”| 8] Zuldl 23 AL ol Ao e
wirt. olel gk A3 38, AsAE DHLNL A4 & oA
3l AsA7} collagen P17 @A ol 1A 2 2H-4-3)
o v] &7} A oA 3hsled, | s/} el A pyridinoline®]
AAEE S dAA T RA2E ALgsct

rok
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