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Abstract— Trimethyllysine(TML) is in vivo released when the methylated proteins are subjected to metabolic
breakdown and may serve as a precursor for the biosynthesis of carnitine. It was also demonstrated that
high concentration of free TML was observed in red blood cell. Therefore, in order to study the functions
of TML in RBC we determined the concentration of TML and carnitine in RBC of hyperthyroid and hypothy-
roid rats and the following results were observed. 1)In hyperthyroid rats, the concentrations of TML, free
carnitine and acylcarnitine in RBC were increased. 2) In hypothyroid rats, the concentrations of TML and
acylcarnitine were increased but free carnitine was sharply decreased. 3) In diabetic rats, TML and free
carnitine both were inclined to decrease, but not significant statistically. 4) In fasting rats, TML was not
changed but free carnitine was sharply decreased. These results suggest that TML in RBC is not directly

related to biosynthesis of carnitine.
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Protein methylation Protein methylases®] #k-4-¢o
2 S-adenosyl-L-methionine (AdoMet)2 methyl do-
ner2 ste] A arginine, glutamic acid, lysine 2
histidine 59| #t7]7} #|A35} do24 1 ghide] F#
Z&} 715 HEE d.ey)E posttranslational modifi-
cation®] UF 2 procaryotes]| 4] eucaryoted] o)==
thelgt cell typeellA] deojvin], wle|E]e}e] chemotaxis
(Ambler2} Rees, 1959 ; Macnab, 1987 ; Clarke$} Kosh-
land, 1979), 41734 £9] myelination(Carnegie, 1971a ;
Eylar, 1970 ; Campagnoni, 1988 ; Carnegie, 1971), exo-
cytosis(Diliberto®} Axelrod, 1974 ;: Edgar®} Hope, 1976),
muscle contraction(Trayer %, 1968) & A<=} =4
A HTidwell 5, 1968 ; McGhees} Felsenfeld. 1980 ;
Lee % 1973 ; Duerre2} Onisk, 1985) Sl #ojsli=
Aoz wusel slent ok Asisd efvle was
TEe] Aok

o] uh-gol FeIs= enzymesi= Protein methylase
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L IL 1L IV7} gl ©)5-2] 2H8-o &3 lysine, arginine
2 histidine $-& N-methylation® ¢ monomethyllysine,
dimethyllysine, trimethyllysine, monomethylarginine,
dimethylarginine % 3-methylhistidine 5 v}ofgt £57-¢
methylated amino acids7} A== histone, calmodu-
lin, myosin, actin, opsin, flagella protein, cytochrome
¢, ribosomal protein 5 22 Aol A WA= 9vk

Free methylated amino acidst w35 whwlalo]
A AN A turnover mechanismel] 2J3) Zh<rRs= o
fral =), o it Ao ohA] AR A oda
FEAE AX A2 vl A= HPaik? Kim, 19803
Young#} Munro, 1978) 9% mono- % dimethyllysine-2
g-alkyllysinaseo] 2]} lysinee] A= o] dulal Aol
}A] ol&¥ry|x= glvHEylar, 1970). Trimethyllysine
(TML)< mitochondrial hydroxylase] 2}&-4le} trime-
thylammoniobutyrate7} =|¢] carnitine 3¢ s}
= 72 ® ysziviLaBadie 5, 1976 ; Cox$} Hoppel,
1973 ; Tanphaichitr#} Broquist, 1973 ; Hulse%} Hende-
rson, 1980). 3} free methylated amino acidse @A
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ko® 22 A= Ao deghed) A Mi-
zobuchi S(Mizobuchi 5, 1990)¢] 3z HYLrs} }E
FA ol w3 oF 109 o) £ FE2 TMLE sl
352 W3 erythrocyted] s TMLe] @ 71%5-& 243
55 AAFEkg )

oo EAHAMNE= A bl W] wZ TMLE
#3te} carnitine®] H3E FA sl LEER 2=
Yl TMLS] AspetA] ofv)e} 7)%5& FHsl o
At g i dAE -8 HEE dolRuxl sty

SEELS

7171 = A2k

Trimethyllysine dioxalate(Hoechst, Germany), L-car-
nitine(Sigrha, USA), triiodothyronine(Sigma, USA), pro-
pylthiouracil(PTU NIH, Korea), Phenylisothiocyanate
(PITC %A3}4, Japan), acetyl-CoA sodium salt(95%,
Sigma, USA), [1-1CJacetyl-CoA(53.2 mCi/mmol, Amar-
sham, USA), carnitine acetyltransferase(SA 80 U/mg,
Sigma, USA), Dowex 50X8(200~400 mesh, Sigma,
USA), Dowex 2 X 8(200~400 mesh, Sigma, USA)2} 7)€}
AlefkE Al HPLCE 32 557 Ajekg ARgsigith

71712% HPLC(Spectra physics, SP 8800), Triiodo-
thyronine assay kit(Abbott Diagnostic Co. Cicago III
USA), Liquid Scintillation Counter(1211 Rackbeta, LKB,
USA), Gamma counter(Abbott Diagnostic Co. USA),
Microcentrifuge(§tY, Korea), UV-VIS Spectrophoto-
meter(Varian, USA) 58 A}-23lgdh
AHEE

Sprague-Dawley Al A5 150~200g<] &S 15 o]4F
FTEAAAM A &R AR g A A}
L3hodch AY 77 F A= 2ghde] 2029 o) Ake|H
ZAHke] 3.0% o), F3% 10.0%, ZF 0.6%, 21°) 04
% HE AP EF ALEE AFE3TL
ek 71s wE

44 7% A T2 saline 0.1 ml¢l] Ts(triiodothyro-
nine) 20 ug& Sof AF 100g% 0.1 m/E 13 9 2559}
A ARl v B} Falsigled dl2F2 salined
Fodtdck A 7% Ak 0.1% propylthioura-
cld 7= 3l 15 2 23731 4 7o Tty
om 2T ApE AHSskeh Ak 7% dl 2
A8te] #ele A& #3 radioimmuno assayE AA|
3led Ts levels 2 A3tk
iy R

Alloxang A=]Alge] 60 mg/miB ZA|sle] 33
AF 100g% 6 mge e Ao FAlslg . hERT-2
A deats T Rl 2k fEo¥E pla-
sma glucoseE 23] sle] els}girh
oy

o - olE=

FEAANA Ze] AZ F 2417 Yol FAE A=t
slem 4y HEgL ZH7) wire-bottom cageel] 4] 24
Fubg FFIIE L 717EE 34, 5 L 743 AA Sk
HE o HEp E2

5 5o APyt P42 heparinA el A)g
o] o} Z4] ice boxel] 2 1500g0] 4] 158-7F HAlg)H
¥ plasmav Ty £ d5F ZAd AR50 94 =2
83l buffy coatl= aspiratione] 23] AAA)z S
AdeR Aol F 1500g9l A 387F A fdAE-w sl
AYETE dAdrk o)A-S dA=k HIl Tkl FFFE
@y JFs §Es 3W uEste dg3-E 33 H
AlBE stk
o 22 =X

A Hbhy-8 radioimmuno assaydg o]-&-3}ich

Al o A3tz s FU(Tye] Eolsle g4
50 Wel AL 23] Hst ToEF(25~800 ng/
dl) H2] $=F 50 ud ztzh ek ¥ 7F g el 200 4
51Ty reagent2 7lslz & &3datc) SAld 4 A8
o] Ts-antibody coated beadE €3 190 rpm 2T =
gEtH A 6087 W A7tk AMS-dE A AFT e
FL AR 3~537 FAFte] A2 ohf o]RE -
counterel| 4] 187} Wilbeg 2Aste] Zakde A3
g AR Y T; ko wel 24 cpme A
vlmste] P T, =& SAsqct
et £5

A7) Wb el whet ezl Fato A Somogyi-Nelsont
(Somogyi, 1945)2 ARg-3le] Hhg- ZAsigic)
Hemoglobin &

AYFE lysisAlZ] ¥ spectrophotometric cyanme-
themoglobin®(Drabkin®} Austin, 1932)¢)] &3] Z43}
Ak
Trimethyllysine %2t

Lehman 5-(Rehouche %, 1986)2] ¥}l ma} dofzl
A&z ¥ 12% HCIO, 250 W5 18] Awhadl st 2M-
KHCO; 250 ui& 7}8ke] F31A)7] ol ko] wd 47
(0.8 cmX4 cm, Dowex 50W, NH,* form)g %3}]A
F4 QA9 ofu| A2 A G & 1 M-ammonia wa-
ter 15 mli= &A1 FTh oW HE FEEE 1m/e W
3 YA 4EdS ol 50T FEAA A B
£3le] 714 olu|x4l EFHow sheir)

714 olv|ieal FE FU AFE ¥ 500 UE
7¥ske] S-sjAI7] F o] 3 400 T FH 5l A AEkT)
o] AkF-Eo ethanol : water : TEA(Z : 2 1)&] 100
uE 713kl 50T oA 2 BEA1A dAdL WAz

£ 5A3 A]9Y(ethanol ;: TEA : water ; PITC=7:
1:1:1) 50 us 7kskx vl A& F ALoa 20
B 4RI #ele] niubg- Ao 50T ol 4 Zgt
FE8e] AAsL AFES acetonitrile : water(2 : 7)
<4 100 ol g-3)3te] o] F 10 Y5 HPLCo| =43}
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HPLC+= Spectra Physics SP 8800, ternary HPLC
pumpE AHg-sleich oA Ak 2= Resolve 5 C¥(3.9X
300 mm, 5 m)E A48t o] EALe E Aol Milli-Q
water 1L 500 4¢] TEAEZ 3#3 0.14 M-sodium
acetate 2 A F 914l 2 pH 645 w31 acetonit-
rilee] 6%(v/v)7} B 2% 2A syt BA-L 60% aceto-
nitrileg  AHS-3l9dch #42 10m/ming 3o
gradient program-2 Young®] ¥H#(Young®} Grynspan,
1987)¢ W3 A1A, 0%, 100% A~0% B; 14%-, 70% A~
30% B; 165%, 70% A~30% B(socratic); 17.35, 54%
A~46% B; 18.0%, 54% A~46% B(isocratic); 20.74,
0% A~100% B; 22.04%, 0% A~100% B(isocratic); 24.7
B, 100% A~0% B; 30&, 100% A~0% B(isocratic)=.
sodvl
Carnitine M 2F

Carnitine A2 Cederblad Z{(Cererblad®} Linds-
tadt, 1972)3} Perlman S(Mares-Perlman 5 1986)<
kel wkch A% 4 M) [1-* acetyl Co-AZ 0.2
uCi/mmol®] radiospecific activityE 2tZ B2 01
mM®] acetyl Co-A® ZAstR.em o] A U B
—20C oA B} vt CH-& 1 M-potassium phos-
phate buffer(pH 6.5)01t}. AH8-317] H R AY I B ©
Cde] L2285 2:1:18 E43le] o|& incubation
mixture® s} ice bathel] ®#Ag} 32 carnitine
ek lysisA]| 7] 28 Tel 0.6 N-HCIOZ 7}3] A hgh
¥ 4N-KOHE ZF3FA)7]|3 o]A-& 4T oA &}x4 u
23 o8 A EelEhe] ghe Agds AR = shgich

Table 1. Changes of TML concentration in RBC of the nor-
mal and hyperthyroid rats

group Ta(ng/dl) TML(nmol/g)
contol 91.61+ 8.03 36.32+ 1.30
7 days after more than 500 4947+ 1.78*
14 days after” more than 500 41121285

Values are meant SE. n=10.
Statistical significance; *p<0.001.
“after first injection of Ts.
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Polystyrene tube(56X6 mm)el incubation mixture 100

E 97 Al 1004 & %59 100 WE 7Fsked 3
27} preincubation® th2 1 unit¥) carnitine acetyltra-
nsferase 20 W2 718t % 37C o4 30&7F wioksith
Dowex 2X8(Cl~ form)& 10 mg 7}s] Zekslo] ¥l-3-2
£73A)71 & ice bathe] ¥ 1087 W5l o] F4 &
29 ulEgk), o2 10,000 rpmel A 587 G422 Fe
21 SN2 100 4 #she] scintillation fluid 5 miE 3.8
viale] o] Aekx]7| L liquid scintillation spectrome-
terol| 4 ZAgtc}. A ¥-FW carnitine ¥%= hemoglobin
Fxo tafA] vlelln

% carnitine?} AAk& lysisAlZl A" 200 wol 4 N-
KOH 25 & 7¥ste] 50C oA 3023k viaksl F 06
N-HCIO, S 3u} f=bgdo] Awdd o}g Ab7]d £3
carnitine A= & by oz Alsslan}. Acylearni-
tine # carnitineF® 52 carnitine®¥9] AT T

ek
LR

A 7l gl TE Wt

A 7% dAFe] =R Fo A TMLF
& Table Io|A X nfst o] dlzFo] vls ToE
157k Sod5t 28] 79 36.32+ 4.10 nmol/gol| 4] 49.47+
6.18 nmol/g2 & 136%9) #28t =715 vebi 257}
EolFel A 2z d wAskeh 2ot 42 cami
tinee ET B} 257t Tofeldo] 1348%2 ¢
27182 ¥4tk 3 total carnitine?] F=%T 6548+ 3.
16 pmol/mg Hbel| 4 107.824 5.80 pmol/mg HbZE 164.7
%] & 2712 Jelyed ol& acylcarnitine?) Z7}e]

Table III. Changes of TML concentration in RBC of the nor-
mal and hypothyroid rats

group Ty(ng/dD) TML{nmol/g)
contol 100.19+ 0.56 4643+ 2.39
7 days after” less than 40 4502+ 342
14 days after” less than 40 52.62+ 2.71

Values are meant SE. n=10.
¢ after first administration of propylthiouracil®TU).

Table TI. Changes of free, total and acylcarnitine concentrations in RBC of the normal and hyperthyroid rats

ou free carnitine total carnitine acylcarnitine ar yl/free

group (pmol/mg Hb) (pmol/mg Hb) (pmol/mg Hb) (arnitine
control 28,191 2,68 65.48L 3.16 37.16%+ 2.83 132
7 days after? 3312+ 194 73.63% 5.04 38.88+ 547 1.17
14 days after® 38.00+ 3.58* 107.82 5.80** 76.65+ 3.81** 2.02

Values are meant S.E. n=10,
Statistical significance; *p<0.05, **p<0.001,
@ after first injection of T;.
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Table TV. Changes of free, total and acylcarnitine concentrations in RBC of the normal and hypothyroid rats

free carnitine total carnitine acylcarnitine acyl/free
1)) .

group (pmol/mg Hb) (pmol/mg Hb) (pmol/mg Hb) carnitine
control 61,18+ 342 87.281+ 254 22,29+ 205 0.36
7 days aftera 53.10+2.29 7805+ 341 21.85+1.27 041
14 days aftera 4841+ 3.43* 84611+ 6.08 36.75% 2.06** 0.76

Values are meant SE. n=10.
Statistical significance; *p<0.05, *p<0.01.
2 after first injection of PTU.

Table V. The concentrations of TML and carpitine in RBC
of the normal and diabetic rats

Table VII. Changes of TML concentrations in RBC of gro-
wing rats

plasma glucose TML free carnitine
group (mg/dl) (mol/g)  (pmol/mg Hb)
contol 9410+2020 3543377  5LI14+345
diabetes  406.00£59.90 3129+357 4585+ 427

Values are meant S.E. n=10.

Table VI. Changes of TML and carnitine concentration in
RBC of the normal and fasting rats

loss of body wt. T™ML

free carnitine

group %) (nmol/g)  (pmol/mg Hb)
contol  11340+065 4055t 263 53.04% 367
3 days  8LO0E104  3681+211 ND
5 days  7AB0+302 45004236 4227+ 233"
7 days 66501074 3470£270 2120+ 133%*

Values are mean+ SE. n=10.
Statistical significance; *p<0.05, **p<0.01.
ND; not detected.

71913 7o 2 Hli(Table ID).
#a 715 Asiol o HE

PTU<| 913t 314k 7] AskA] TML 2 carnitine]
W3 Table IllolA) R upe} o] dlzgo ws)
TMLe] F7lsle Z8E Boov EA A fode
alglr}l. Carnitine®] Z$-of+= -2 carnitine®2 =
T 79.1%% F49% 322 velggled, $ carni-
tine#2 & W3S vEhA] st} o] acylcarni-

tine®Fe] 22.29%+ 2.05 pmol/mg HbellA  36.75% 2.06
pmol/mg Hbo2 F71=¢l7] dEes A7 cHTable
V).

0| REE MEfo] i) HE|

Alloxane] 2]& @y $%4]2] TML 2 carnitine
¥ % W3k Table VollA] Bz wis} 7o) gizFol w]s)
TML-2 83.3%, carnitine®] 79+ 89.7%% ZistE
Ags Byt BATRE AL gk
CHAJAIZI MEfoiAMS) w5}

D227 e Ale] TML % carnitine ¥ 3= Table
VIe| A Biz whel zre] izl w|s] TMLE w4

days after birth TML({nmol/g)
3 days 23.08£ 247
10 days 2328+ 253
3 weeks 38.43+ 2.80*
5 weeks 35.94+ 3.55%
adult 40.80+ 3.18*

Values are mean+ S.E. n=10.
Statistical significance; *p<0.05.

2 Z H3s ehiA] ekstey carnitined o) ob=
wa] 5AZEe ok 80%, 7TUZF] HEE 40%E FAF
ZAag el
A UKol wE Hel

IHE A8 22 By 34, 104y, 33 Y 5
TML®] =% #H3le= Table VIIAA] HE ul2} 7o)
A 7HAlE w2 FEE2 2450 354 YEe AR
#Hel s} FAlsledoh

=
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]

1

Trimethyllysine2 Protein methylase Il 2]s)] &
Z5-912] peptide-linked lysine ZF7]e]] methylation®)
dojr} A= E2F histone, myosine 5 P&
Wl 4] WA gch o] WA dlAde g alE
wol 7hpds] & w 2= o] plasma®} urinecll ] %
ARl At f2d TMLE t}E methylated lysines
8} 28] dealkylase?) A-8-2 WA 937 proteingtA]
% AMAEEA] ¢kort xubabe] mitochondrial S-oxi-
datione]] T 3}= carnitineg] AJA HAEZ2 Eo)7) ca-
rnitine?] ATFEAE Al chy B.7% o] glth(Labadie
%, 1976 ; Tanphaichitr3} Broquist, 1973 ; Rebouche
%, 1986 ; Sachan®} Hoppel, 1980 ; Uchigawa %5, 1982).

£ AgoM= Young T2 ¥ ae} d7)4 o}
2% 4 1 F2AEE PTC-F=A38 3k TMLE
= AEsledck o] uigle) wal FAA E1E 2
e TML® <& 40.80% 3.18 nmol/g & ¢]= Mizo-
buchi(Mizobuchi %, 1990)7} 2723 # d7F TMLe)



et 7|5 vigtel HET Tnmethyllysine 69

69+ 5 nmol/gql AXThs @& Fxolsict. 2Ev 19
Kol ¢]slH animal speciesel] w2t 2~79 nmol/go 2
2 Aozt 2= vk ol 4 Wb R ratd] Fo| BE
zlold 7o g F&Ft)

A7 2] Ag ) TMLe] 36.32+ 1.30 nmol/gell A Ty
£ 1573 Fodslo] kA 7leg #AAE] FelAE
4947+ 1.78 nmol/g2. % 136%2] dAg =715 wa A
S Choi 5(Choi 5, 1989)¢] serumZolA] TMLe] 3}
A4 1% FRA) 188.9%9) F7HE B AT FAE
AxE Qgirh o= A F2E gg ol A
g 9 ") TMLe] 718 Ze g Alssdh 3149
PTUE K3 a4 7% AslrdAdes AT
TMLe} f-oAdoles H3E Rolx] ool A 71+
#3LA] seruml TMLe] 50%%] 74 ijelficiy. B
3% Choi 5= 2+ Aolgt AHE Aglch o=
A#Ag B 0 HygAl TMLS A T 280 oJsks
ol ZhabAl 75 xle) w2 WEE Vel TML2
Pl HYPTol] 9%l EAste=z 2 dFrL Hy
T Ed fEjEe] €A FEE FUMATE A
g12] ohy® AFFy TML3 €3 TMLe F:=&
Az Ax B sz TML source’t A E o2 A
Rl ofA BEwA 2t

Al 715 #R1A] 87U 9] §-8] carnitine Fxo
28.19+ 2.68 pmol/mg Hbell4] 38.00% 3.58 pmol/mg Hb
29 Z71E W4y & carnitined] 4% A 71T
#2014 164.7% AR Atk ol#HE Frhe &9
carnitine®l] @& acylcarnitine?] ®]$¢] 13244 2.02
29 A28 Yo £ carnitine®] Z71¥t} acylcarni-
tineo] VASA F7 ol g-g ebi givh =7 3}
A 71% A FFA] $r2] carnitine ¥ X2 61.18% 3.42¢ 4]
4841+ 343 pmol/mg HbE WA Z4as Jehhgz
% carnitined] ¢ & WHIE HolA osgtort £
carnitineel] )&t acylcarnitine?] ®}]go] 0.36)4] 0.76
o2 Z7}8}o] acylcarnitineo] 27} 8}%-o-& el
ol ZHAtA F 2R gt ke AU carni-
tineo] 3k WEHE 71AL ALw R

S SHk] A"y TMLES 3543+ 3.77904) 31.29
+ 357 nmol/g 28 °F 12% ztAske AL viehief
Shin 5(Shin# Lee, 1989)c] =% -fHA] AU
TMLe] <F 3ufje]Ar Zrlslucly Bagk Adges 2
ARE Ak ol AgWe] Bl wel AR
frd=e] 30 TML F=7) 7= A 8129
2 dofuir] @e A= Aladrh

TML2 A =& oR2 HE AHH e
FalHo] AL = dx|ut @A A Auhinie]
TML%e] =22 Davis S(davis®} Hoppel, 1986)2- 3
FAe AN A 23, = o 9359 TML T% #H35
7AMEe] B vl & 2] {2 TMLE F34A4 743}
R 2] fe] TMLE fet 718 xged

TML 9 peptide linked TMLS 713 @o] B{3 &
ALY ASE Z W3lE Relx @okEd ol AW
TMLY F=7b dAsA fA=EE Aoz 5359
B2 Ao = PAA 7] groupell 4] HEFY TMLE &
35S HolX| go} HHE-FuUl TML2 AW dirbe] &35t
A A Q) of e wRXoh= Ao ARk 28 w4
groupoll Al FETW §32] carnitine2 JAT FAE
v}elflo] Brass S(Brass9} Hoppel, 1978)2] tha]A]zl
FolA ¥A carnitine %7} VA FAaste S
2 Azt go] wkalF A o} Wl FET
carnitined| = A 3& vlA= AR FHHY
o,
AET7Y TMLo] t}& A6 nld B FE=
Azt olFe] A carnitine P o] EHA =
Ae g 5} o]F TMLY AlEM BXold %
ARAlel Al o] od-Fsld HEpd TMLY 7155
g g sle=lE) AlRoh

1
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Methylated protein] A e Akl s f-2]= car-
nitine®] AFEAZ A}E-=E trimethyllysine(TML)®]
erythrocyteo| 4] £2 FE2 A3l ua} o]5] A
sheba] ow| g gzl 7 Ao = 4 7)1 3
9w §E A Abg) 9 oageod] w2 erythrocyted ol
A9 TMLT} carnitine®] %% ®HE-2 7¥8sted &=
e A& 49k

1. Tu(triiodothyroine)& Fo3led 4kl 7|5 A
A7) A7) AP TML, 2 carnitine ¥ acylcarni-
tine2 25 Z7}ale] om {8 carnitinesl] W&t acylcar-
nitined] #)-&-2 13264 2022 Ar%3le] acylearni-
tine®] =7} f2] carnitine® ot ©] & Z715 el
Aok

2. PTU(propylthiouracil) Foiof &t A 7%
A2 TML2 94 ol H3E Bolx gstend
42| carnitine-& VA3 7H4E el acylcarnitine-&
Z7vsk).

3. Alloxan© 2 % f=A] Y3y TML 2 =
carnitine-2- B5 ZrAshs ARE vepisiL 247
A% TML2 £ ¥HEgE RBe|x gtevt ## carni-
tine2 dxgF A& Jehfgch

4. A7l met TMLY w2v A3 &8t A%
3F o] F= AT A9 FEe} FAER R
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