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Carnitine •
• Metabolism, Role and 


Importance 


ABSTRACT 

Camitine is an essential cofactor for the transport of long-chain fatty acid, acyl-camitine 

esters, across the inner mitochondrial membrane before f)-oxidation. The various benefits of 

camitine derivatives are realized nowadays. 

Endogenous camitine synthesis from diet occurs in the liver and kidney .. It is accumulated 

In skeletal muscle, heart, liver and epididymis. The kidney has a major role in camitine 

homeostasis. 

Systemic carnitine deficiency (SCD) presents in infancy or early childhood. Clinical 

manifestations are severe and may result in death. There are 2 types of SCD, primary and 

secondary SCD. Primary SCD can be defined as a genetic defect in the carnitine transporter. 

Whereas secondary SCD is related to abnonnality of enzymes involving the synthesis. Many 

carnitine uptake studies of fibroblast culture cell of patients and the animal model indicated 

that the etiology of primary SCD is camitine transport system defect, hOCTN mutation. 
2 

Thus, the study of molecular mechanism of camitine transport is necessary for pathophysiology 

of primary SCD understanding. 

o 

'Ull'Ul !'illi[!l~u1\?l'Uil-l meal wonn Tenebr rno/ito? 

mfuYiu (Camitine) lUtHn'j~ii~tlUVIU riT\.nn.r1~ua:::m1lJff1 r1tyMi~lJiim7ftmJ1 nUtJ ri1-l 

lJ1U1wntJU1tJfJU 1~u1uu 'Yl.1'1. 2448 YIU11f111- lJ1mrui.:)u~u VL1'1. 2498 lUU~UlJl4,5 

uYiu lUUff1'Sth:::ntJu'U tJ-l1u1\?l'Sltlu~Ym'IVl1un f(llJ I'll fu Yiuii~tJ ('I1lJ ff('l 71 fl 7-.l ff11-.1111 ~ lf1 ii ~ 
" 

liftJ! uCl::;iim7ftmJl1m-.lj;'(~\nl1-.l1flii1uU 'Yl.1'1. fin nUl1CllfJVU1-.ll'l1U 4 - N -trimethylammonio 

24952 mfuYiuM~tH~uf)vntHh-.l11~-.li1 vitamine -3-hydroxybutanoate, 4-trimethyl- aminO-3­

hydroxybutyrate, 3-hydroxy-4-N -trimethy 
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laminobutyric acid, ~-hydroxy-y-trimethy 

laminobutyric acid lu'WllJICH1"'\JV.:J quaternary 
• G..4 r "'1 v ~Iam me '\J'Wl~l(ln 'l5·HnlJl'H1(l::(lltJ'W1 ~lI(l::;lu'W 

zwitterion molecule l'W(1'fnl::;~l.:lf)ltJiJn~ l~tJ 

ii quarternary ammonium group IU'WiJ'i::;~lJln 

(flJ~MtinlJiJ'i::;~fjlJA(J ionized carboxylic acid 
,~ , 

.. . K ~I 6 group Ufj::;lJf1l p a UJ'W 3.8 

f]:-t filli 'WYl tJl'W ~.:liH51 ('l i.:l ul'i ~.:lii:jfl ('l '\J 'WlliI 

l~n(microorganism) Vi'lflHnV'lfn~ ff('ll~n(fll;5rl' 

1~Vm::'illVtl~('lllJrQtllntlvi1.:l "1 l'WmllJl'lTlJ'IT'W~ 
vi1.:ln'W (1il1n~~ 11m:: 2) l'uv.:l'illnmfnli'Wii 

.­
UYlU1'l1 ,h r1\IJ1'W n 1 'j 1f-11 f.l (l1 \IJ'l'UlJ'W I>l.:l U'W 111n 

~I.:j f)l vii m 1lJ I'ITlJ 'IT'W 'U (J ,Hll fn litl ~lllH lil::1'W 

YW1 (flJ1Il"::;/111VI'QV I~V ;.Jii f.l (l;;i V f)111ivi fj"'~ ~11l 
A' ..J ~ 

'\J tl:) I'W V IfH)'W'W f)1 'i MI (l:)'lJ (J:) m fnli'Wlw ~ 1~ f)1 v 

Yhhrd)~Yl tJ1~(iI1lY!~ 11tJ nil 11l1::;U nr'dtl~ mfilYill 

Y1'lhHlltJ (systemic carnitine deficiency) lYlv 

,r'Wf)~nU(ill'i1l1 n~llfimIUUUllJj;]iJ (primary 

systemic carnitine deficiency) li1vHll nrnllJ 

fi iii iJ fl ~hJ V.:l1iJ J ~h.!'UlHi':) m fnli II (c arn j t inc 

transporter) 1'lT1tiL'lffj~ LL"::;llUU~~UQiJ InYl'il111 

flU ff-llml::Hm f-nli'Wl'W~l~ f)1 UClYl fj.:u-t1v -lill n'lJl~ 

IB'Whlf~l~tJl'ITin 

horseshoe crab muscle 60 mM 7 

rat epididymal fluid 60 mM 8 

rat skeletal muscle 1 mM9 

human muscle 3 mM 10 

ruminant muscle 15 nM 11 
• 
12 

plants UM 13 

..,.; 
(P\1~1~'V1 2 

plasma : free camitine 28-47 umoi/liter 

total camitine 37-58 umol!liter 

liver 900-1800 nmol!g 

muscle 2500-3500 nmol/g 
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OJ .! 
f)T'HI~ 1fl'il~'Yi 

fllfuiiulw':h'l nltJ'tItl'lrl'~1L.gtJ'I ~ n ~1tJUlJ 
.J~ .1 v"%i v 

~lJl'i)l nul11l'iYlJlJu':i::;i'llUUn::;'ill nnl':iff.:] LflJl::;WlJU 

nlvlu':il':]nlv mfiHiu~flJ1.h::;mUL'lJ11u'i)::Qn~~ 
9ilJ ~lUL'liari'LfitllJ NU.:]ch1«i'il Vtl1flV ~1Yll ( carrier)

.. 
nl':iffmn na1n nl':irl'.:] Lfln::M'mfuiiw1lJ;ijuluu 

d • 
'\'I.fl'. 2504 'li.:]mllJ1l methyl groups m'illn 

methionine15,16 'i)lnnl'iffmmitlmYllJilffl':i~':]~U 
'lJv.:]mfuiiu fiu lysine Un::; methionine l 

7-2O 

il1111 'l1'il VL'Q'Yn ::th ::Lfli'l L-nV rl''il1~ jj ffU~':] 
~D 11~VUlJ ~.:]jj lysine LUUv.:]rlU'I::nVlJ'il::Qnvtlv 

l'iltJLtn.,l1'lilJ1u lysosome 'lJtl':]L'liClri'tili~L~n 'ilU 
.[,'1 v. h II . ../.../ ...

m::i'l.:]L~ tnmet y ysme 'li.:]ff1U11u.:]'i)::Qn~~'lilJ 

1~ tJL~ tllJ ti11~ fl n ri1U11~"'i)::L'lJlri'i::lJD111 Cl L1 vu. .. 
hl1~1uu.:]1~~.:]'i):: QnL1.J~VUIUU butyrobetaine 

butyrobetaine ri1U11~':] Qnu ci ()tJ tl tl n ~m::;LLfflCll1l'1 
fl n fl f':]l~ V1lii'l 'I1D n a1n~ i ~ I 'ilU Ii tl U'i)::; L'lJ1rili'i-'D.. 
~.:] L'li Cl ri'~lJ II a::;11'1 ii Ltl U 1'li li'~ lill,rL1) 'il u5 1)~ u 1 

hydroxylation M,uumfuiiwYimll1uLnDff::fflJ 

1u nfl1lJL-n() al tJ Hl1'il ~lJLLn::;11 tl'tlnLtB() fHl~ 
(epididymis) ~.:],rumfuiiu~.:] Qnrl'.:] 'ml::111u~lJ 
un::;'l'tUUUfflT1ty32 

lysine _ 

S-adenosyl-6-N-L-lysine methyl-transferase (yeast) 

or protein (lysine) methyltransferase (lysosome 'lJtl.:] animal tissue21•22 )1 
6-N -trimethyllysine l'~N ~Irimethylly,;ne, 2~oxoglul",ale dioxygena" 

3-hydroxy-6-N-trimethyl-Iysine 

13~hydroxy ~,~N~ lri melhy IIy,ine aldola" ("""'""n.,",if" 01 U ".,,) 

o-butyrobetainea\dehyde + glycine 

1bUlycobetaine aldehyde de hydrogen a" 

l
o-butyrobetain 

O-butyrObetaine, 2-oxoglutarate dioxygenase or butyrobetaine hydroxylase 

(clruC)1::'IJ()':]11~'tI1123.24,27.28 11'1't1tl':]LleJlJffLl'ltlf m::vhu '1'" lIlJ129 

~D'tItl.:]rl'~1i'l n"lfU'il IIn::~D 1<f'l fflJtl':]'lJtl.:]lJufJ63o,31). . 

(-) camitine 

http:clruC)1::'IJ()':]11~'tI1123.24,27.28
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Cytosol of mitochondria matrix 
Outer Inner 

membrane membrane 
carnitine carnitine 

AMP+PPi .J..---~ Acyl-CoA 

RCOU+ATP CoA 

acylcarnitine 

t 

Acyl-CoA 

CoA 

acylcarni tine 

process 
Transporter 

protein 

I Acyl-CoA synthase 

- long chain acyl CoA synthase is fould in outer membrane of mitochondria (outside 

the permeation barrier to CoA in inner membrane) 

- short-and medium chain-length of acyl CoA syntase localized in mitochondrial matrix. 

Thus short-and medium chain fatty acid metabolism is carnitine independent 

II outer carnitine acyltransferase (carnitine palmitoyI transferase I; CPT l) 

III Inner (latent) carnitine acyltransferase (carnitine palmitoyI transferase II; CPT II) 

IV camitine-acylcamitine translocase (catalizing a one-to-one- exchange of carni[ine and/ 

or acylcamitine across the membrane, a mitochondria camitine carrier or CAC) is 

found in heart45 
,46 liver47 spermatozoa48 

• OJ 

f1nf1l'il~ 

mfii'Yiu11i tJ nff1'11Vn1 tJ1uhml V !I~'il::\ln 

fhirVltltln'illnh~nltl1uJ,j'tJtl.:) free carnitine U1'1:: 

acylcarnitine 1VlVYm1~33 (renal threshold = 40 

t-tmoI!L) ~.:) tiJu fl11lH<UlJ'U\J'tJtl':)fl1 {ii'Yi'U1'U9ii'lJ 

1Jn~34) U1'1::Y1l'lJl'UlJ 35 ul'ihjyl1Jil~nrh\l~tltln 
'ill n'il'l nl tJY1l.:)'j::1JUYl1'll~'U tllt11'j36 

nl'Jflmnl'Ut1\j'tJllY'luil 1115 n'l 1/20 'lJtl'l 

mfiiV1'U1ull':) n1 VtJ flfhir~ tl tl mmUff1Yll :;37,38 Uel:: 

;~ui1lJlnn11~mJ(l:; 95 'lJtl~m{ii'YitJ'Yi~nn'ltl;j 



lJ~ 1 ;nrlJ~ 1 1h::iill~m.j~i:'IltUJ 2543-:lJfl'lfllJ 2544 

1V>1 fJ1fl ClI'lJ tll 0''11' LL~l'iJ:: \l fl ~V>1~'lJ fl O'U L'l1'U L~ til flU 

fI 'j ~ tl :::iJl'U~'U39 ffll1flJ fll'j ffflfnl 'U 'lJ'UfI Vi'llJ 11. 
mfilYi'U~Oflmtl.:3 ~1'U11Pl'iJ:::OflV>1V>1fl O'lJ LntllJJ-.ll1'lJ~.. .. .. 
(ltl fJ Cl::: 9 (3 -9 9) 1V>1fJ1 lPlij flWUU mfilYi'U tl tl fl 'lJl flU 

U'11'ffll:::1'UCl:::lh::'lJltu 100-300 ~lmoI40-42 

l~Hu'Utlltn:::~ tflri'rulwfll'jfl1lJfllJ home­
~ . 

ostasis 'lJtl-.lfllfilYi'U l'Ui'I Cl 1'11''lJl 43 ~-.l,r'UlmJihV 

11?l11fJ1)::::iJ ~ Clyillr1fl11lJL'IJlJ'lJ'U'lJ tl.:3 plasma car­

nitine ClV>1MeHhl'lJlfl H 
,4; 

v d 
l'It!l'YI 

l1Ul~fflri'ty'lJtl-.lfllfilYi'Ufitl LU'U cofactor 

l'U fll'j'lJ'U ff-.l m~1'lJlJ'U'11'lfJfJll1'UltJ'lJ tl-.l acyl-car­

nitine ester f-h'UL~mr'lJ1'lJ1V>1fltl'UL~~fJi\Jl'Uritl'U~ 
'iJ::d1~ fll'jLm ~Cllt:ym~1'lJlJ'Ul'UtJ~ mfJl ~ -oxida­

tion (~tJ~ 2) 'Utlfl1)lfl;:1fllfilYi'Uv-.lm::::~'U branch­

chain (a-ketoacid oxidation) U,,::::'l11V11lJ acyl 

CoA metabolites ~Ln~~'Ulm:m11-.l acute me 

tabolic crises5CH2 L'lfW1l1:::: ischemia Llfl::: 

arrhythmias L~tl-.l'illfl long chain acyl CoA ~ij 
'lJlfl'il:::ij~C111C11£ltlVl.:J 1~lLri flln;,emJ sarcolem­

mal membrane fll'jLn~ hydroperoxides fll'jLtilJ . . 
fl11'lJ L'IJ'lJ'IJ'U'lJtl-.l Ufl C1 L9fV'lJ l1~tlLLlTm:::l1-.l fll 'jL'W'lJ 

Dtul1f1 iJ'lJD.:J Ltm1'lJ, 1'lJ111fl D'ULVl1v Yl (l'1)Vl 'ilWnVlfll'j,.. 


r:i~tJ fl ~'lJ D.:3lt DL'1fCl C11~v1ilYll:::: L~ DrI'lJ L'1ffl"dj ~ Lei DVl 


LlVl.:3 53-55 'U D fl'ill fl;:1VWIlJ11fllfilYi'UiJ ff1wfi V1'IJtl.:3 

nlJ fll'jL'il;t:y 56,57 UC1:::fll'jlflgD'U'1111 58 'UD.:3~lD '!~ 

211'YIlIl 'YI1t!11 iij iij Ut!5 
9-6 

q 

L-carnitine LU'UD'UYI'U'll'lJ D-.l fllfilYi'U~li'. , 
LU 'UtJ'j::::lfJ'l5u n'U D Vl.:3 uydmn fJl'Uu1) ~ tJ'U L~ tl'l11 V 

1m f'l fll ty1'lJ u'U l'U fl'Ufl1'U 'l11 V'U'U ff-.l'U D-.l Lihm D fl 

'ill fl'1lI111 fl D'U Lrl~ £lyhlr1Lti 'lJ tJ'j::: ffil ~ f1li'l fll 'ji'll.:3l 'U 

'UD.:3 ~lJlwrihv~ ~V>1'11''j163 'l11 vLLnl'lJ fl ~1'lJ LifD VD'U.. , 

________________ "7 

LI'j.:3 UCl::: In DtI ~lli'D f.:Jlm!lhv myopathy LLfl::: 

post-polio myelitis syndrome 6l 'l11tHtilJ 

tJ'j:::ffil ~ f1li'l'lJ tl~ fll'j'1l'1l fl nl O'-.l fll ulrl Vfll'j Lti lJ elml 

fll'j I f'll f'l Cl 1 t:y1'U lJ'U 'lfl vffl1Jl UH fl L1fl::: fl Vl fll 'jUl Vl 

L~lJ'lJtN fl crl'lJ L;:1D'U tu:::Dtl flnl O'-.l fll £llVl fJ 'liltl'U fll'j 

'U £ll £ll1 Cl DVl L~ D~ Vl Cl Drl'iJ 'Ufl11lJL9iD 11 LU'U '11'l'j'l11 V 

fl VlD'U'lJ fl a'11'':i::: (antioxidation) L1Cl:::'11'llJl'jCHti'lJ, .. 
tJ'j:::ffil~mi'l'lJD;j'j:::lJlJf1ij A'lJ n'U 'j1'lJJ-.lHfflfll1'jfl.. , 
l1 ClD~ L~tl ~1111'iJ IL~':]~l (artheroscIerotic·heart 

disease) L~D-.l'illfliJf'lClLti'lJ high density 

lipoprotein (HDL) UCl:::fil11Vl low density 

lipoprotein (LDL) 'jl'lJJ-.llflLCl'11'lllD'jDfl LLC1:::hfl 

11111) 64 J;j;:1V-.l1l,jiJ'jl£l-.ll'U~ fl~llfi-.l'WfI'lJD;j L-car­

nitine LlCl:::~fl'IJ1-.llfiV-.l'IJD-.lfll'iH L-camitine '11'n~ 

l'U~tJL~VlWtiDV1-.l1~ 'UDfl'infl;:1 acetylated ester 'lJD~ 
L-camitine MlLri acetyl-L-camitine (ALC) ~-.l 
M;Dl1 super camitine L~D-.l'iJlfliJtJ'j:::ffil~f1li'l 
'lJ1flfl11 L-carnitine hlVijf'lMim.h:::ffil~mYl. , 
fllnh.:Jl'U'lJD;j'11''lJD-.l 1'li'U 'l11V!'WlJfl11lJ'ill 1'W'lJfll'j 

Lm f'l Cll ty'lJD-.lI'1fCl 6tJ'j::: '11'lil LtilJtJ~lJl ru L~ D~'lJ1 
15tJ-.l '11''lJ D-.l lti'lJ fll'jl1 k-.l '11'l'j*DtJ'j!:'11'l'YI1'i1 V l'QYll::: 

dopamine LLfl::: acetylcholine Cl'i1fl1'jYllCll£l 

I'1fCl"'ill flf1l 1::: fll'j'U 1 Vl D D fl91(1)'U (hypoxia) Cl~ 

lipofuscin f11Vl'UI'lfCl6 Lti'lJfll1lJ11'UD':]~lflJ 
(receptor sensitivity) LlC\:a~D;j'illfl ALC IU'UU'iJ11£l 

lYiDfll'jl'iJ;tyl~1Jl'fl'lJD.:3L'1ffl" (cell growth factor) 

Ufl:: flVl fll'j~ 1 V'lJU~ l'1ffl6 ~.:Jl i1'U fll 'jfflfll 

Alzheimer's disease6i
,65 f)l'j1JD-.l nl.J diabetes 

related neuropathies IICl :::'Ii1£l ltilJ1h:::ffil~f1lYl 
fl1 1'U D'U 11 0'1J 

foHn "" :Ii (;fill 'W 

fl11'lJ ~~tJ fl ~~ In ~ 'ill fl fl1'j'IJ1 ~ fl1 fOii'U 

iJ f'l ClYll1'l1f)l'j'IJ'U ff-.l fl'jVl1'IJ U'U'11'l (J (Jll1'IJ 1 ~1lJ1Vl fl D'U 

l~;tlCl~ Cl-.l ~-.lYlll'l1ij fl'j~l'lJlJ"''U'11'::'11'lJ D~1'U cytosol 

~t11V~ iJ f1l1:::U fli'liD-.lf11 filYi'U \l fl UU;j lU'U 

http:l'U~tJL~VlWtiDV1-.l1
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2 n~ll67 Atl 1) systemic camitine deficiency 

(SeD) Vl1.Aw~ihu lL'imfiVl'ilu(i·rrfH~ n'fH)'U~'U 

(early childhood) UCl:: 2) myopathic camitine 

deficiency 1liVllJ 1 u~ihm~ nl'fw'i::ilJ'U f).JrnfuTIu 

1u n "'Ill Liff) Cll VCl ~ Cl.J tl cil.JlJI mil111iJ1 '1,llJ'U o::oll 

tl ~1'Ul9J'Cl~fl "lll Liftl LlJU Ll1 YJll1iJm flI'j n "'Ill Liff)ri f)U 

U'l.:ut1)'r.:] (chronic muscle weakness) ~ihv'ilV 
H'ifl~~mlv':11'U1uiJ VI.I1. 2'523 68 tU'Ul~n'lJltJ 
,}!11tiifl9$n'U-f.Jtll1nll tll~ 3 ~ iJ ci.:]iJmfll'iun'fl':] 

\,1 c)fl'Uf).:] n "'Ill tiff) ri f)'ULI'i':] LICl::flll::Jl'fllCl1'Ul~tl Vl ~1 

riif).J'il1 nflllllNml n~'lJf).JflImn f-mlf.1J1'\J17'Ulm::~ 
,1'1 rlf.1J fi f)iJ fllill L 'Illl 'Il U 'IJ tl.J fll fUfl'U ~11 'U L~{) 'fl 

v % ..... tj .c'!t.J ..... ..J1 

ntllllL'Uf)tttl::l'IlJ 'fl.Jul'lm~ 3 !'iltltl 9i.JfllVl1Cl.J'I'l 

1~i'lJ f)l 'ii'n £J 11'fl V111i'mh:::mu rn fUflU LU'U n tll 
,d(' • ~X 

6 L'fltlU VllJllmnYHltl:::tllfll'H!n'fl.Jl'll.J'l Vl'U'U 

SeD ~1UU'l.J1l::r11hr~ihu trrv~iI'lM'ill n 

r1l11ll1u~II'l'U (cardiac arrest) 'H~tll1tJ~l11tJh. , 
(respiration aITes t)69,70 D1 fll'iUU:::f.Jl n I'Htn'fl':]'IJ f).J 

seD ~YllJ'll'lllrif1l'il1ll~n~cil '1 (recurrent 

episodes of coma) 'illn hypoglycemia hypo­

ketotic encephalopathy 'H~f) "Reye-like" 

syndrome r:TthUlrfl'rilfqjl1lL~tJ.J1lilln (failure to 

trive) 91~ (anemia) hyperammonemia UCl::iJ 

fllill t'\Jll'\J'U'\J f).Jrn {Ufl'U l\.l91i'll n "'Ill tiff) Utl:::l?1lJ ~1 
v 

iJl'IJlluo::nllf) Q1'UL9J'Cl "nalll tiff) L9J'tl~ilJ. 'illl~.J 
L9J'fl"fl '"III Liftl r11L'il yilll1lf1 ~ fl "'Ill Iiftl ri tlU U'i.J Utl:: 

VltJl~nflwi'Uf).Jn"'liJLifcn1lh (cardiomyopathy) 

SeD LLu·rOf) milu 1) primary SeD LUU 

flllll ~~tln~~ dl'fl'ill fl flniJmmrufll{uflu1li rVi tJ.J 

l101~tJLlwn:::1liLn~ fatty acid oxidation U1'1::: 

1:'1'llJl'i(l ufi1'IJ D1 rllJ LL1'1::f.Jl fll'i U1:'1'~~'Mt~ tlYllll1flllll 

l'Illl'\J'U'Uo':]fIlfufl'Unc)llti'.i::illtln~ II":: 2) sec­

ondary SeD IUU seD ~1~tJl'\Jf).:]nlJfllllJN~ 

1.1 n~hJf)'" If.lu19J'llflluLu'lJ1Jlufm If.ll Y.J "1 qj1-u17u1u 
11Jll'1fltl'UII'l'ivMuri t3-oxidation 71 ttu:: amino acid 

oxidation L'l5'U 3-fatty acyl eoA dehydrogenase 

deficiency, isovaleric acidemia, propionic 

acidemia, methyl malonic aciduria, fJ-hydroxy­

t3-methylglutaryl eoA lyase, glutaryl eoA 

dehydrogenase deficiency LUW~tl l~tl'IJ1JlUnTi 

l~l Y.Jfllf.1Jfl'i'1l1'\J17u~ncJllJ.Jil~Yllhm dicarboxylic 

acid ~ niJvlJf)o nlJlm~ifo1:'1'll:;m n r:iYlun~111nll:; 

il '11 f.J1'l1l 'i 

tl'11l1~'IJ(J-l primary SeD tJ.J1lilUU~I,rlh 

nUlJlnUfl l~tJ'\'l~£Ji.iu"'ltilil:af1~1)lnnllH~~l':] '1 

4 lh::nu
34 

,71 fitl 1) fllllltiVltltl~'lJf)."nl1 

a',:1Lf1Jl::r1 2) nm'i.Jfll':lr1lfllU 3) flllll~n~n~ 
, 11-""" .t 

'IJ (J.:] n1 'l'IJ'U 1:'1'-1 fll '.iU'I'l1H'IJ 
v 
1 n,,:: f) tl n ill fH9J'tHl 11,1:; 

4) fllllJr:i'flUn~l'IJil-lfll'.i,r'1ln1'.i1111\>i l'litmlJ~Vl 

nC)llfllfUYl'U~ tubule '\HJ.J nephron n'1lu-lvlll}'fiJ 

n1'i~llyf.:]m.:]if1:'1'1:'1'll::lJl n U'ii1l1 n fll'.iflf1i:n'hi YIll 

7
fl Tllltl n ~ltj'IJlJ1U fll'ia'.J Lml ::ri72

, 3 llu :::fll1 ~ 'i4 

tln~iJf)':]n1'.iYll"lV71,74 1:'1'lll1'fl'\Jil~ primary SeD 

~."til1J ::In '11 'ill flfllllJ ~Yltln ~iJ tl.Jl1J n I) LOU1nl:J 1 

m{uflul~ V1'fl 
75 Lm:;fll<Hu~tJt!l!tJ""''UUIU fllJ'lJllff.J 

1'Il1 Lm ::l1~tl tl tl mil n L9J'''''~ r:11'U tl':] LTI f) L9J'Cl ,,31, 7 G. 77 

luil YU1, 2531 Treem Im::f1ru:::141~fifl1:n 

l'llJ fllill ~'1Itl n~lu fll'iiJuri.Jfllfu-n'U'tlf).J i'lifl ,,~M 
'illnfll'ilYi1::t~v.J fibroblasts 'Utl.Jr:rihv SeD 

IU'\.lflf-l LL'i nci.J f.l fl fll'.iflfl1:n'll'li'llfllmuu 1:'1'111' ill n 

Erikson u1'1::flru::luu l&ivlnu 78 'Uf)n 1) I niftJ~Ylll 
il ~ihv primary SeD iJfIllllr:i'1ltln~'tlo.JfllJ'tl'lff~ 

mfiiflulu nalll lilf)Cll(J IlCl:::'l\>iDnl'lltJ 79 f)~l.J1'.in\>illl 

~lnnl'.ifln£Jllu~thv primary seD f.J1~ 3 ~ l~tlU 
l'lllfllill N'1Itl n~ fll 'i'UUff.J fIlfuflUlu1Y'1 n "'Ill liftl 

u,,:: fibroblasts llY11,jYlllflllll~~Un~LUl'llJ11 l'11tJ 

f)1'jflmn1"l cultured fibroblasts tllil1:'1'~tlMil 
ml:::tl1'i'IJ1~fll{UflU L~tl.Jill nfllllJ ~'1Itl n~'Utl':] fll1 

iJ'Uri':]lnml n'ill'Ulllltl'.i~'U'Uu ff;J mfuYlu (camitine 

transporter) 'liUYl high-affinity "Yl "-l 79 111'1:: 

VllJil primary SeD tUUfllllJr:il'ltln~~riltJ'\'lf)~ 
'I'll.JYl'U ti nUll L~f).J'il I n tn '11 fll'J ~ m! ~ liJ tl.J'11t), 
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(mutation) hOCTN2 lhhrdl~ truncated 

protein H":;'JUJlihJ'\'nrl~1urm'UlHf~fl1fiHh.J80-83 
~~'l~~VDf)vcil~'\1i1;r:h camitine uptake defect 

(CUD)78 

f) 1) fl fHd H'ltIl ~ rll Li'1 ~ 1tC1 ::Yl ell ~ ff1 'l1 'Yl Vl 

'U1Nf)mn~ primary SCD l~tJHffl'll)l~t'1V~I~lJ 
vf~u<;)tl "rut 2531 h"w Koizumi UCl::flru::

84 
M 

IffUvill1't.{Y1~ClV~ (mouse) ffltlYlWf C3H -H_2" 

91-:]lJ microvesicular fatty infiltration 'UV-:j 

Vlt11::fl1t11u <;)UlJll~Vf)il juvunile visceral 

steatosis (JVS)s> 91-:]lJVlfll'jUffl'l-:]l1C11Vvci1-:] 

mlJvufl1.HJihv primary SCD l'liU severe fatty 

liver, hyperammonemia, hypoglycemia86 
, 

cardiac hypertrophl\ structural abnormality 

of mitochondria88 
, growth retardation tl(1::~ 

tflr1UJ fi UlJm1lJ!'IllJ'lrU"\Jv-:]fl1fiiiiulULi'iv~ \'lU 1m:: 
u _ 

v 

V1fll'jYluilm1lJ~lm'j-:]'lJV~V1fll'j<;)1~ "l 111cilUU 

l~ 1(11 (1-:] 89 ~l f) fll 'iflfUn f) 1;'\'1. n fll'j'U11'l fll fiiiiu 'U en 

JVS mice YlUm1lJ~I'lUfl~Yl1~YrU~m'jlJ'Uv-:] 

'j::uUfl1'j'Uuri-:]mfiiiiulul:hu'Uv~ high affinity 

site 'UV~ camitine transporter 1u'11'l90 JVS mouse 

~.J d'Jll «l'll"11 ~ (1 v~~Hll'Ju \'llV ci1.JliJn Uflfl1JWl tllll 

r11 liil'llm::YlI:J1ijff~'ji'YlV1'UV-:j primary SCD ':illJ 

.J-:] fl (1'lfl fll'l'UW:Y-l mfiiiiu1u'j::<ilullJ1(1 f) Cl~l V. 
• d' ...... • d'-.d 

V tI 1-l'Yl f) (111 1t(1111 f111::U nYI 'j U.:Jfl1 'jU 'Yl U 
• v 

Yll~l~ 111 VIIUU'Yl~ Vf1ii uuii ff1111 VllJ1 'i) 1 flfl11lJ ~I'l'" , 
,jfl~'UV-:]'U U1U fll 'i 1m r-l(11 OJlu'llJl<;l fl tlUl~~ V1l1 fl 

fll'l'Ul ~ mu'19ilr~ 1~£Jl'\rv~91-:] U<;l flI'i1-:]1l1 fl HUUU '\'llJflii.. " 

111 n n1 'j fi fl1:J 1 1'111lJ II Vl n \Pi 1-:] 'U V -:] fl1 -.J:: un YI ~ tl-:] 

fl1 fiifiu~l'l,jlr-:]ffV;J IIUU l~w fll'j IYIl ::IStJ;J 191(1 ci' 

skin fibroblast9 
! 'Uu;J~ihm~n 5 mJ ~lJm1lJ 

" 
fl~,j n ~'U U~ IVUhlf~ I~ En 'IlU-:] flU'll U -.JU fll'l 1 m 

r-lC11OJ'hnJu ~-oxidation 1u'llJl<;lfltlW'?l~tJ Muri 

short chain acyl CoA dehydrogenase, 

medium-chain acyl-CoA dehydrogenase, 
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long-chain acyl CoA dehydrogenase, short­

chain L-3-hydroxyacyl-CoA dehydrogenase 

lLa::r~'thtJL~f1 4 'l10~'U1~IfJU'l9nr cytochrome 

oxidase ffllJ l'j ()ff~,jM':hf1r.l::u nYliv;J mfiifi 'tl 

~lh:lf11 tJ UUUYl~tlf1iiff1lJ1'j()IW fl 'ill flUUUU IllJnii 
.. <u .... 'iii 

MfJciwlY~ 1'ilU l~U-:]1l1 flI'liC1 ci'~ LYIl::atV-:]'U U~ :IU1 V 

yf-:] 5 'l1£J~iifl11lJ~~,jn~'lJV~lfJu'l91lJ1'tl'UU1'tlfll'j 
I~1 r-l C11 OJ'l 'UlJ'tll'tl'llJll'l 1'1fJ'tlI~~tl iJ fll'.i'IJuri.:] fl1f 

iiiiu l'Ill ril91(1 ci',j fl~ 'lJru~~191a cl~ IYl1 :asV-:]"-I eN ~ih 0 
~ ~ 

4 'jlV ~"Jl~lfJu'l91lf cytochrome oxidase 'IJ'uri.:] 

mfiiiimihtil91C1clMl(1-3tJl-l (Til Vmax IUU{UtJC1~ 

20-47 'UV-:]Uf1~) .J;JnL~V.:J1l1flYl()-:]-31U1u~,j ATP 

m V1u 191(1 ci'(1 ~ (1-:]~-:]lJ r-l C1 <;) V f)1 'j'IJl! ri -3 fl1fiiiiu 1'Il1 

1J'flff'JV.. 
mfiiiiu;11Y1t!1~'lJUri;J m~'1'IJlJUff1 tI 011 ~lU 

I fl u~lJ'llJllil fl VU 1~~tJ~Ulul.yi U1'Il1'1,j I n~ fl1 'j 1r-l1 
.­

~1;'\lOJlu,j5mV1 ~-oxidation \Piu'lu ~~UUfl1'l 

i'f11:J1 fl11lJ l'IllJ'IllJ'IJ v~fl1fiJiiu1UYI (1 1 fflJ1 ~-:] ii fl11lJ 

ff1r1OJ l11mn~fl11~uflYdV~fl1fiifiU'i)::li11rrf)m~1 

r-l (11 uil'IJlJ'tlhiff1lJ1'jmn~'l~ ~~ii'hlJ'tl ff~fflJ Vcilu 
u ~ 

InmEu\Pi1;J "l 1lun;JnUlffv'iflIilM 

'lliliiu'Yl U 1'Yl ff1r1OJ \Pi U fl1 'ji'flfl 1 'l~\'lU'IJ V-:] 

mfiiiiul'tll~ u~ll1fl-:]~ l~ £JffllJn(1~~ f) ()umfiiYiu 

~ (1 fl n 'iV~1l1 fll fl C1 LlJV'.i()ffl1Invu.J-ll1lJ I'll~ £J V1 fl£J 
~ ~ 

l,j'j~u'Uuri-:]~lflfJ!91(1cl (camitine transporter) 

\'l-:]tTl! fl11lJ ~ ~U fl ~'IJ U-3l,j'j ~"I'U u ri;J fl1fiiiiu~'lVl 
1l~'¥i11 rr1'11 fiifiu ~ n.uu VU n lJ1 flU ifffffl -.J ::ua :;;111rr 

lflI'11'.lf\ l~wm'tn:: primary systemic camitine 

deficiency (SCD) i~tTunnflfl£11 n (1'lnfll'.l'IJ'tlri~ 
mfiifiulu'.l:;\'lullJ LClf) 1;'\ ~~iifl11mhr1OJ \Pi V fll'jV~U1 £J 

YlV11jn1Lii~LlC1:;YW111ff'hi'YltJ1'IJu;J SCD LLa::lh'l,j 

~fl1 'jiii'lJ:QV ~ (1 V 1'1'lJ'tl n 1 '.ii' fl fl1~ii ,j'.l:::t1''Yl ~ n WI 

<;)u'lu 
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