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Effect of Amino Acids and Albumin on Damage
Induced by Cyanate in Osteoblast

Kyung-Dae Park, M.D., Sung-Bae Park, M.D2 Hye-Jung Choi, M.S.2
Kyo-Cheol Mun, M.D.® and Hyun-Chul Kim, M.D.?

Sae-Chun Yeon Hospitall, Gyeongjoo, Korea, Department of Internal Medicine” and
Department of Biochernistryg, Keimyung University School of Medicine, Daegu, Korea

Purpose : Cyanate, known as one of the uremic toxins and derived spontaneously from urea, has
several effects on the biologic substances including erythropoietin, antioxidant and ceruloplasmin. To
find out the protective materials from the hazardous effect of cyanate in osteoblast, we added twenty
amino acids, albumin globulin and hemoglobin in the culture media containing osteoblastic cells with

cyanate.

Methods : Osteoblastic ROS 17/2.8 cells, exposed to various concentrations of sodium cyanate, were
used to analyze for the cytotoxicity. The cyanate-induced cytotoxicity was assessed by the methylthia-
zolyldiphenyl -tetrazolium bromide (MTT) assay by measuring the absorbance of the reaction solution
at 570 nm. Viability of the treated cells was expressed as A570 of sample/A570 of control. The degree
of the carbamylation was measured using trinitrobenzenesulphonic acid. The degree of the carbamy-

lation in amino acid was about 50% in average.

Results : The degree of the carbamylation in albumin was increased depending on the incubation time
with cyanate and the concentration of the cyanate. The degree of the carbamylation in globulin and
hemoglobin was nearly zero. Asp, Glu, Leu, Trp and Tyr among the twenty amino acids revealed the
protective effect against the damage induced by cyanate. And only albumin among the three proteins

revealed the protective effect.

Conclusion : On the basis of these results, Asp, Glu, Leu, Trp, Tyr and albumin are useful tools for
the protection against damages by cyanate carbamylation.
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1. Al &

olu] =4t = L-alanine (Ala), L-asparagine (Asn), L-
cysteine (Cys), L-glutamine (Gln), L-histidine (His),
L-isoleucine (Ile), L-lysine (Lys), L-methionine (Met),
L-phenylalanine (Phe), L-proline (Pro), L-serine (Ser),

L-threonine (Thr), L-tryptophan (Trp), L-valine (Val)
I} g2 == hovine hemoglobin, bovine serum albumin,
r—globuling Sigma Chemical Co. (St. Louis, MO, 1] =)
AES ARSI Glycine aminoacetic acid (Gly), L-
arginine (Arg), L-tyrosine (Tyr)¥ Junseirl (Tokyo,
) AES, DL-isoleucine (Ile)¥} L-leucine (Leu)&
KantoA} (Tokyo, ¥&) A%, L-aspartic acid (Asp)+=
Katayamail #l3&S, L(+)-glutamic acid (Glu)¥ Riedel-
de HaenA}l (Seezle, 5Y) A5S ARESFITE Dulbecoo’s
Modified Eagles Medium (DMEM), Antibiotic-antimy-
cotic (10 U/mL penicillin @ 10 yg/mL streptomycin),
trypsin-EDTA % fetal bovine serum (FBS)+= Invitrogen
Co. (GIBCOTM, Grand Island, NY, v]=p)olx G-%135}53
t}. 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-tetrazo-
lin bromide (MTT), phosphate buffered saline (PBS)
2 sodium cyanatex Sigma Chemical Co. (St. Louis,
MO, w]=) AFS AREaRlth T %d=ke- Bio-Rad DC
kit (Bio—Rad laboratories, Inc., Hercules, CA, ®=|=HE
ARGEICH 1 8] URRAORE AwtEE 55 BE dEF

& AMgsHrh

2. AlgRMOl HIE

AR 1 mol/L s%7b H%e5 PBSe] o] defjow
AHgEI oM, AgelxE DMEM #iA 2 81Xj3te] A
e B e et

3. M= HHEH

FHE AEFQ ROS 17/2.8 M= 10% FBSS} 1%
antibiotic-antimycotic®] -F+¥ DMEM®X|Z 37T, 5%
CO, zAIselA] wgatgint A 32 FA0® 0.05%
trypsin-EDTAE *&]3lo] Aldisiich

o)Ak 0.110 mmol/L7}F H =& 71ste] AlQkite] <
3 AT B4 I 59 s on, Rl Wzl o
WAL 5 9|

0 mg/mL2 &7} HEE H71510] AlQkite]
H,
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3 ofr)i4ks 1 mmol/L7} %5 PBSef| o] ARES1Gle
o oRpn] gl ZkE gzl =20 50 mg/mL2 TR} HES

o] AMEEI
5. MIE SN ZHA

Algratel] 23 AEEAS MTTE] thAl ghgoll 7%t
MTT EA4H (assay) .2 =733tk ROS 17/28 M=
96-well plate©l] 5,000 cells/well?] WEZ L3t & A3E
7} plate v}l H-2spH FBS-free DMEM HHXLE._ A
ato] 24A7F BRF M) FAE FAXAZTE 2%<] FBS7F
Sk wix]el] AlQFARS- 0.0140 mmol/Le] FE=Z 48AI17F
Bt AElstar, w1k 4A%F g<E 10 pLe] MTT &5
mg/mL)S 2t wellell 37}akod 37°CoA REAIZTE MTT
of o8l e RS HAEQ! formazandYL di-
methylsulfoxide (DMSO) 150 uLE #7}slo] =<l &
Model 550 microplate reader (Bio-Rad Lab. Inc., Her-
cules, CA, ¥]=)E 570 nmollA SF=E 43Itk Algk
Ate] &k AlE=AS ] Ao vERSIT

Asionm of sample—Asionm of blank >>< 100
Aszonm of control-Asznm of blank

Cytotoxi city (%) = (1*

6. 7I=HILs Mz

AlRPAtell gt opuAl wide] FhEnpd sl
Horkko %m o] upAS okt Al AldEATy & 27t
9] opu] =AFS 1 mmol/L7} ¥ %= PBSel| 9] 100 mmol/
L&) Alekxky} &3tsto] phosphate buffer (pH 6.5)¢] &3+
alo] 37°Celx 48AIRF WhSAIZITE Zpzke] whezle- 50
mg/mL7} HE2 PBSe)| 9] 30 mmol/L2] A¢kila} &
sk3lo] phosphate buffer (pH 6.5)] &3tslo] 37T oA
A8AIZE HEGAIZI of|ieika) whil S 247} whg- 5 PBS
(pH 74) 0% 4CoM FA38l] FEsh= Aike AAT
U ARz 7l=nbdst s TNB 01%5}04
2l opr)r]e] s SAEIh ofv]
1 mL¥} 4% NaHCOs (pH 8.4) 1 mL2] &%
TNBS 50 uLS 7}k ofg 37ColA 147¢
Zt Agef oIzt $HEE 340 nmelA] 5745
S hEnpds)t HA] ok Z47e] opu|al Fo- whi

| oieh Sednee] MR vERigich
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1. A|CHAIO] ROS 17/2.8 MIZ2| AtHOy| O|X|= st

o

Aljkite] ROS 17/2.8 MEFE] Abdel mXE= JaFs &
obw 7] 913 well @ 5x10” cells/100 pL EE=Z @i

AFE 0.1-40 mmol/L 5= 24%17} g)s & MTT
o7 Mx APE AEE SHse W, 0.1 mmol/L %
AE AljMEE AEekA] ok I e xlel7 sl Ur
1 mmol/L o)39] FxelA= AlZ Apdo] f-o8kA F7tsh

] 40 mmol/LolX= 2k 90%7}F APE =Tt (Fig. 1).
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Fig. 1. Cytotoxicity of cyanate on the ROS 17/2.8 cells.

control 0lmM 10 bl 20 mM

Fig. 2. Morphological changes by cyanate in the ROS 17/2.8
cells. 0.1 mM to 20 mM means the concentration of
cyanate applied to the ROS 17/2.8. Osteoblasts were
detached and floated to the top of the culture dish,
and a monolayer was not formed in 20 mM of
cyanate.
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2. A|SRAMO| M|Zo| HERH HMal0f O|X|= e

oM s vk Eekade] Fateto] St Jeje &
= A8 R, ARMES APt Aol w27F SUK
o we} F/317] AlFske] 20 mmol/Le] Alekiks =] sk
d-F-olle thi=2e] AlE7E wiey kel FAEA] ekl
B AR Ao, SRS G4e Zaslt (Fig. 2.

o

3. =4 ol0|'=po| Ft=HigE M

=4 olu|w=Akel Cys, Asn, Gln, Ser, Thr ¥ Tyr&
TNBS whe-2 &3l A otvlier]e] 2dS SAsisle o,
Cysol 7 A2 19%9] A7) s Jehiigla, Asn
54%, GIn 45%, Ser 51%, Thr 55%, Tyr 51% = EF
50% uW1£]9] Blszst Jro] Af7) S JERIIT (Fig.
3).
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Fig. 3. The degree of carbamylation in polar amino acids.
One mM amino acids was carbamylated by incubation
at 37C with the 100 mM cyanate solution for 48
hours. The solution was followed exhaustive dialysis
at 4°C against phosphate buffered saline, pH 7.4, to
remove excess cyanate. The extent of carbamylation
was monitored by following the loss of free amino
groups using trinitrobenzenesulphonic acid. Fifty uL
of 0.1 % trinitrobenzenesulphonic acid was added to
1 mL of dialyzed amino acid solution and 1 mL of
4% sodium hydrogen carbonate, pH 8.4, and this
was incubated for one hour at 37°C. Absorbance was
then measured at 340 nm against a sample blank, and
the trinitrobenzenesulphonic acid reactivity was ex-
pressed as a percentage of the absorbance obtained
for the non carbamylated amino acid. Abbreviations :
C, cysteine; N, aspargine; Q, glutamine; S, serine; T,
threonine; Y, tyrosine.

4. HIS4 oio|Ate| Fi=HtUst HE

H]|=A) olu|i=Akel Ala, Phe, Gly, lle, Leu, Met, Pro,
Val @ Trp& TNBS ¥ E8f A5 oo A4S
=489S w, Proo] 0%, Trp 32.4%9] A7) 22%
BRI, Ala 519, Phe 54%, Gly 61%, Ile 44%, Leu
51%, Met 51%, Val 50% % 25 50% w9]e] H]5:3t A%
o] A7) 2AE JeERITE Prod] A7) Ao] gle A
2 Proo] ou|i:Ako]7] wiiel] TNBS W85 8 o]t
o] 3= Axtet Azhed (Fig. 4).

5. &M 3 HT|M of0|'zatol Ft=HIAE M

Abg ohuzalel Aspol Glu 123 97143 ofm|wAkel
His, Lys @ Asns TNBS WES-S T3l A ofw]r]g]
S SIS W, G714 op|mAkel Asnol 35%9] A}
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Fig. 4. The degree of carbamylation in nonpolar amino acids.
One mM amino acids was carbamylated by incubation
at 37°C with the 100 mM cyanate solution for 48
hours. The solution was followed exhaustive dialysis
at 4°C against phosphate buffered saline, pH 7.4, to
remove excess cyanate. The extent of carbamylation
was monitored by following the loss of free amino
groups using trinitrobenzenesulphonic acid. Fifty ul.
of 0.1 % trinitrobenzenesulphonic acid was added to
1 mL of dialyzed amino acid solution and 1 mL of
4% sodium hydrogen carbonate, pH 8.4, and this was
incubated for one hour at 37°C. Absorbance was then
measured at 340 nm against a sample blank, and the
trinitrobenzenesulphonic acid reactivity was expre-
ssed as a percentage of the absorbance obtained for
the non carbamylated amino acid. Abbreviations : A,
alanine; F, phenylalanine; G, glycine; I, isoleucine; L,
leucine; M, methionine; P, proline; V, valine; W,
tryptophan.
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=2 77 Asp 48%, Glu 47%, His 42% 9 Lys 45% %
oF 50%9] H|S=3 Awo] A7) A4S JeERiItt (Fig. 7. ZEMIZQ| MES0]| CHSH SA ofn|i-Ate] Ask
5).
A olm|xAkel Cys, Asn, Glu, Ser, Thr ¥ Tyro] %
6. CHHZIO| JI=HIUS M ZAE] AEEo) V= S B, ol A ofrxAr
9] FETF SV Al AEES AR olF opAk
GideE Gy, FEEY W O FALE ARESH < kPl A Bokes &S] Sk ol F
TNBS #He-& Z3ll A ofnxr]9] A4S S43I9ks ), 7} 71kl wet adke eIt (Table 1), == Al
ohprio] 19969] A7) 248 YERARE, globulin 0%, ol AlRkimke Arleka Ame] Aese foleb 1has
st 17969 A47) 22 vehlo], g Folas  glow, ARkl ola) AlE AEgo] 44 o) iR 3
arpalgio] gyae] AHf7] 448 thehisich (Fig. 6). A oAb AE AEEE F7P71A ggkort, Tyr w
W F PP ARG ofulcAl AUS Bl GRNS o] Alekle] 8] gasls AXAEEE Z7PIAC (Table
thhow ST 9 Ak Wik APER A olelvr] D). @ Tyrg Age 34 ol wiro) shelas) 4
9] 24E TNBS #h&-& 3] SA30S wl s=of met Tol BARlo] AEE Wshs vss S Kol vEn
A ohner)e] e S7HE Bglom (Fig. 7), AW} st Whg o] g vlEdd #AE JERIAE 4okl
o] HieF AIRES] F7tell wEt A A obn]r1e] TR w 53], 71 7k=nbdsrt AA doluli= CysE 22 o
RISt (Fig. 8). S Bt} (Table 1)
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Fig. 5. The degree of carbamylation in acidic and basic
amino acids. One mM amino acids was carbamylated Fig. 6. The degree of carbamylation in proteins. One mM

by incubation at 37°C with the 100 mM cyanate solu-
tion for 48 hours. The solution was followed exhaus-
tive dialysis at 4C against phosphate buffered saline,
pH 7.4, to remove excess cyanate. The extent of
carbamylation was monitored by following the loss
of free amino groups using trinitrobenzenesulphonic
acid. Fifty ulL of 0.1% trinitrobenzenesulphonic acid
was added to 1 mL of dialyzed amino acid solution
and 1 mL of 4% sodium hydrogen carbonate, pH 8.4,
and this was incubated for one hour at 37°C. Absor-
bance was then measured at 340 nm against a
sample blank, and the trinitrobenzenesulphonic acid
reactivity was expressed as a percentage of the
absorbance obtained for the non carbamylated amino
acid. Abbreviations : D, aspartic acid; E, glutamic
acid; H, histidine; K, lysine; R, arginine.
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amino acids was carbamylated by incubation at 37C
with the 100 mM cyanate solution for 48 hours. The
solution was followed exhaustive dialysis at 4C
against phosphate buffered saline, pH 7.4, to remove
excess cyanate. The extent of carbamylation was
monitored by following the loss of free amino groups
using trinitrobenzenesulphonic acid. Fifty uL of 0.1
% trinitrobenzenesulphonic acid was added to 1 mL
of dialyzed amino acid solution and 1 mL of 4%
sodium hydrogen carbonate, pH 84, and this was
incubated for one hour at 37°C. Absorbance was then
measured at 340 nm against a sample blank, and the
trinitrobenzenesulphonic acid reactivity was expressed
as a percentage of the absorbance obtained for the
non carbamylated amino acid. Abbreviations: A, al-
bumin; G, globulin; Hb, hemoglobin.
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8. ZZNZO| MZES0]| [§5+ HISA ojo|Ato] Yk

H]=A] ojm|=Ale]l Ala, Phe, Gly, Ile, Leu, Met, Pro,
Val 9 Trpo] ZEZAES] A&l v &S X, o]

5 H|FA opu|wate] snt Erkehd MRS AESS of
Az o)5 olu]wALS AXEY] A Hrpk= AEL0] 273}

u opm| ke wrt STk wEl FRAdhs A Follth
(Table 1). Bt H]SA of|xAtEE 543 opu Al 2
2 S e & 2F AlEel 93] AlMEES
A7ksha AlREE] IS FrelsAl asision, Al_bitel
ofal] Al AEEo] e W tiFREe] B|SA ofr Ak
A AEES S7M7IA ko, Leudt Trp Rto] Qb
Aol ofsf FAwE AEAAEES F7HIZT (Table 1), &
g Trp 9 Pro ¢ 7t=updsirt 24 dofup= op|iAt
L AEE Wshe vt RS Bof JtEnpds) vkt
o] mak= vlEAQl AIE UehiA= ket (Table 1).
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Fig. 7. The degree of carbamylation in albumin depends on
concentration of cyanate. One mM amino acids was
carbamylated by incubation at 37°C with the 100
mM cyanate solution for 48 hours. The solution
was followed exhaustive dialysis at 4C against
phosphate buffered saline, pH 7.4, to remove excess
cyanate. The extent of carbamylation was monitored
by following the loss of free amino groups using
trinitrobenzenesulphonic acid. Fifty uL of 0.1% trini-
trobenzenesulphonic acid was added to 1 mL of
dialyzed amino acid solution and 1 mL of 4% sodium
hydrogen carbonate, pH 8.4, and this was incubated
for one hour at 37°C. Absorbance was then measured
at 340 nm against a sample blank, and the trinitro-
benzenesulphonic acid reactivity was expressed as
a percentage of the absorbance obtained for the non
carbamylated amino acid.
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Fig. 8. The degree of carbamylation in albumin depends on
incubation time. One mM amino acids was carbamy-
lated by incubation at 37°C with the 100 mM cyanate
solution for 48 hours. The solution was followed
exhaustive dialysis at 4C against phosphate buffered
saline, pH 7.4, to remove excess cyanate. The extent
of carbamylation was monitored by following the
loss of free amino groups using trinitrobenzenesul-
phonic acid. Fifty ul. of 0.1% trinitrobenzenesulphonic
acid was added to 1 mL of dialyzed amino acid solu-
tion and 1 mL of 4% sodium hydrogen carbonate,
pH 84, and this was incubated for one hour at 37C.
Absorbance was then measured at 340 nm against a
sample blank, and the trinitrobenzenesulphonic acid
reactivity was expressed as a percentage of the
absorbance obtained for the non carbamylated
amino acid.
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Table 1. Effect of Amino Acids and Proteins on Cell Viability

Cyanate free Cyanate (10 mmol/L) treated
Al A2 A3 Al A2 A3
Control 100+1.0 100+£1.2 100+0.9 62+427 62+4.17 62+45"
Ala 134+85" 131+56 142+6.2" 61257 62+517 50+8.8"
Arg 118+12.7" 145+4.4" 85+1.0" 63+5.3" 60+4.9° 514101
Asp 119+6.2 100+2.0 52+1.2" 68+4.2" 70+46° 89+46™1
Asn 119+6.2 100+2.0 52412 68+42° 70+46° 89+46"1
Cys 17670 17325 158%5.0" 63+1.7° 57+20° 46+20" 7
Gln 10906 10842 106+1.0" 9%5+56" 1 100357 69+45"
Glu 107+£15 104+6.7 101£6.7 68+2.17 79+15.0 118+6.2" *
Gly 163£15.9" 13949 117£10.2" 58+2.3° 50+2.1° 61+10.2°
His 17764 17055 124+51" 58+1.8" 58+09° 51051
Ile 7+21" 96+4.6 97+25 51+367 1 53+24" 1 60+2.6"
Leu 10512 90+15 64+2.1" 73+13" 7 7B5+220 1 89+36™1
Lys 91+6.6 93+6.0 85+8.3 56+0.7" 53+19" 1 42+11"0 1
Met 160+9.2" 174+51 6416.9" 62+13" 1 62+06" 50+19™1
Phe 93+35" 89+38" 73%+4.0" 56+1.2° 50+28" 1 39+13"1
Pro ]7+4.0" 86+57" 81+6.0" 60+6.1" 55+1.2° 54091
Ser 94+6.0 93+38 98+0.6 50+1.3" 1 51+1.17 1 44+13" 1
Thr 88+4.0" 90+4.9" 89+5.1" 59+44° 55+45° 74+7.3"
Trp 102£58 86+26" 60+1.0" 72+41" 7 74+96 91551
Tyr 163+1.7° 115+185 52+3.8" 68+1.8" 71427 72+44"
Val 89+15" 93+2.1" 95+3.2" 46+20" 7 59+3.0° 57+1.7°
Albumin 182127 14544 85+1.0 63+53" 1 60+49" " 514101
Globulin 103+2.3 99+3.2 104£15" 72+150 1 71+£3.77 80+1.0™1
Hemoglobin 100£1.0 91+2.1" 117£0.6" 74+43" 1 73+140 7 83361

Al: 0.1 mmol/L amino acid or 0.5 mg/mL of protein; A2: 1 mmol/L amino acid or 5mg/mL protein; A3: 10 mmol/L amino

acid or 50 mg/mL protein. p<0.05 vs. control group without cyanate treatment;
*p<0.05 vs. the cyanate non-treated group (cyanate free group) in the same amino acid or protein concentration.

treatment;

o SIF JIUWE HolFlu opuliALe] B

a3 Wsk= YERIA 9kTt (Table 1).

of olgt o]

N

5 9 50 mg/mL<S A7leele w AlE A=
A7FsA ok Wzt bﬂﬂ“ 2lolE Kol
A oSkt AlRRKERS H7tshd AR "§

o el Hlall 38%°] A&
Al RIS SsAle] H7behd S
155% <7Fe Balvk olEdt S7h=
mg/mLelAl 50 mg/mLzE  S7HEel we Srkekelt
(Table 1).
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(Table 1).

"p<0.05 vs. control group with cyanate
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7] AR SR AY Fo|PREL o] Bk o]
BES 277D ke AS "olmels 2939 dgow
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