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Abstract

Apolipoprotein E (APOE) isaplasmalipoproteinin mammals and plays an important role in the transport and metabolism
of lipids such as phospholipids and triglycerides. Therefore, the APOE gene could be a candidate gene controlling lipid
metabolism in beef cattle. This study was performed to identify single nuclectide polymorphisms (SNP) in the APOE gene
and to investigate the effects of SNP genotype on the carcass traits such as meat quantity and quality in Korean cattle. For
PCR amplification, pooled DNA made from unrelated 60 individuals was prepared and primer pairs were designed based
on the cDNA sequence of exon 4 region of the bovine APOE gene. A SNP wasidentified at position 2034 (T/C substitution)
of the exon 4 region in the APOE gene. PCR-RFL P procedure with restriction enzyme ACC | was devel oped for determin-
ing the SNP genotype for each of atotal of 309 animals with pedigree information and performance records through the
national progeny testing program. The frequencies of the genotypes TT, TC and CC were 10.9, 46.9 and 42.2%. Gene fre-
quencieswere 0.344 for T allele and 0.656 for C alele. The g.2034T>C SNP genotype showed a significant effect (p<0.05)
on dressing percentage and meat color, respectively. Animalswith the TT genotype showed higher dressing percentage than
those with the CC genotype, and TT genotype had desirable meat color compared with CC genotype. These results suggest
that the g.2034T>C SNP genotype of the APOE gene may be useful asa DNA marker for meat quantity index and dressing

percentage in Korean cattle.
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A o] Q122 A lipoprotein lipase, lipoprotein receptor 2
leptin 52 FAA7F RaEojA At} (Buchanan et al.,
2002; Haegeman et al., 2000; Zechner, 1997).
Apolipoprotein 8z 2|2 FHHAZA] 7|52 o2 A,
B,CH% E&NY 8 O1F50=2 EF3}a 7]gf H, J &
(@ 5% =43 tKTsunoda et al., 2002). Apolipoprotein
E(APOE)Y:= 35804 2174 (phospholipid) 3 E2|Z
M2 = (triglyceride)2} 22 @3} cholesterol2] 217k}
tAEEol F83% 75 B3dshke 84 Al (plasma
lipoprotein)e] F& F-A%Eo|ti(Mahley, 1988). APOE= %
4% gl 71Q) 2 nfo] Z.2 (chylomicron) THAY 2o
Sold A= AIY F5E vifste AMEEE A
ol FEASS AT BRI=(ligand) =4 A AL] F
FA 9&E Fdst= APt sl RuEHH
(Mahley, 1988). 153t QI7te] 739 APOE f3x}e]
A2 Wo]H ZA] SNP(single nucleotide polymorphism)<-
Tl 54 SNP 1287 dF cholesterol H
triglyceride % 5 X AtjAlele] BEAlo] oy A7}
Eof o3 B1¥ v} 931 (Braeckman et al., 1996; Muros
and Rodriguez-Ferrer, 1996), X AthAl 715 Qo= AlE
A 9 &3l 2875 gEFtH(Mensenkamp et al.,
2001). o]*" APOE #-%A7} 17ke X33 X550l
Al AFUAF #E T8 el E BEslal EA
= APOE fr3iAte] thdg 24 2 ZBAFAEH] 44
doll & A= - w|FS Aot =R APOE
Frazbe] w8 B f3F SA4S Bag 9zl A7E
7} 9l (Ramsoondar et al., 1998) Ao A9 o}F7}
Al APOE fr-3Atel] gt A7+A7E 3] ofHrt.
kA 2 A SRl TR EY Adurixd &
H TGk 3Rl APOE 212k @l 97 |ths (SNP)
S B dEslal sk e AAIFAR S 2 S0

Ir

sk

A

FFS TAst] Lus et 28 T

APOE +3%}2] DNA makerZS 7idkslaz}l =313
R
SAXE

2 Aol AR BAARE T FUEARIS B
slof W} =AMH] AuE FHAYS F 30079
Foe AAste] FARRZ Mg ST, FhAYEE A
ASEA 20hRP) S5 APYH AR A
A%, EAF, BAS, AL, NAgIRR, 2

AP, KA, AN, 2A7, AEE, 4% 2 FA5F
137) =0 thstel UAsech. #, APOE F34
SNPS} gy BHE 93 ofs AFAH shed F
AARARA §AFAL TAF, BAE, SV
Wl e)a $AREe ST rH),

%& ko 1o o

A, A
Ay
Genomic DNAS| 2| & Hx|
7} ZFAZES] FARXEZHE genomic DNAY & 2

AAE NaCl - Miller et al., 1988y A3 W3}

AAIZE & 53 DNATE 4584 (10mM TrissHCI pH

74, 1mM EDTA)el| 833ttt w23t DNAE opt=

= A 77|95 22 DNAZ 31519031 DNA FEE £33

FEAE o83t 260nme] UV T3l o3l S35}

kit

APOE S X9 primer A7

k9~ APOE f1%1719] SNP 39S &sl7] $18le] NCBI
GenBank(BC102620)°1| 5-5-% bovine APOE exon 4 §7]
AME ARE o83t o] Y9 E3et= 31704 876
WA G71ME H9E X Fsh= 560bp FHS FE3)]
A3t primers A FI3FHeH, o5 primer 242 A7)
XY ARE Table 10 A|AIE vpe} o),

APOE |74X}e| PCR &%

3-9- APOE #-2#F2] SNP w2 98] ddaA7} ¢l
£ 607/1712] DNAS &33 DNAZ AlFsl PCR 5%
< Y3tk =, APOE fF34ke] PCR S&-& 98t it
$-Z78 GeneAmp PCR System 9700(Perkin-Elmer Cetus,
USA)S o]§3te] T 2 Z7stolA AAsatt.
= "hg-ole 0.2tubedl] template DNA 50 ng, Primer Z}
05uM, dNTP Z+ 250 uM, 10xPCR buffer 1231 Taq
DNA polymerase 1unitS 37}ate] PCR ¥RS-o1-S- & 20
uLZ ZA3}ATE PCR cycle Zx 94°Co|A] 583t o
H|7}E 3 94°Coll 4] 50%, 63°CollA] 50% 1#]al 72°Co)|
Al 50x71e] cyces ¥ 353 RHESH Uhs wiA|Eto =
72°Col|l A 583 71Esta PCR ¥H3-8 731t}

7MY Mol 2et SNP A=

PCR F34HE9] 1S 2% otz 27953}
o] 115190 gdolA] DNAS 345t GAZgS A
2 #-2]3t template 250 ngell primer 2+ 2.0 pmol, BigDye
Terminator & F7}ste] HiERTE o83t £ 10uL
2 ZA3 F 96°CollA 10%, 50°CollA 5%, 60°CollA 4
719 cycle® & 253] Wh3-& Tt 1§ ofgkE
A2 2 HHS =3 ABI Prism 310 DNA sequencer
(Perkin-Elmer Cetus, USA)E ©]83t] 7148 HRE
A5

PCR-RFL

P QERY BY
Q7N $AL F3) HEE APOE 4] SNP
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AR S AAsH7] AsiA A8t WAE PCR S354¢
535 ARt AE o] 8ste] ddsitt. &, 5uLe] 34
Eol Accl AFFEA 1unitS o83t F ¥S 10 uLz
23l 37°CollA 3AITE o) BAdslste] Adslal 65°C
oA 2087 BN F AdEARE Hdste] Ao
A DNA ©93H& 3klsly] & TBE buffer(90 mM Tris-
borate, 2mM EDTA, pH 8.0)7} 3H+-E 2.5% op7t=2A
2 A7Y9E dld g3 & ehidium bromide o2
G5k UV Aol Ueld DNA £2] RS E43ke] #
AR S AA3HAT

!

/849 Wi APOE 214t
Asl7] Ag SAEAS SAS
8.1 Package/PC software(SAS, 2003)E ©]-&3te] PROC
GLM o= FA 43t o™, SNP #3143 a3}
frolado] YRt &40l tisA= Duncan's multiple range
test o3 F-AAFE 943 HAS AT A4
o o]&3t ¥ 33 At
Yiw= W+ Y§ + B+ D+ G+ gy

A7IA, Y EARE B5A), p A AABHE, YS
A=A &3, B AR &9 D BRI ¥
Hol, G, SNP #3483, gy 0 Yol A5 vehdt

A g

[

i

89 APOE %Xt Exon 4 &9{2| SNP 24
Z=9] APOE f37= 183 o] 18q 249 91=]3}

3 lom F 2687 bpe] A7IMEE 7HAY 4709] exon}t
INY introne 2 A=A Qlar, 4HA exone] =717}
718bpE ThE A} exonol HlE] 2 AoE U A
ATH(Takahashi et al., 2003). 3 AollAd= NCBI GenBank
(BC102620)°] =% Bos taurus APOE mRNA(cDNA
clonge] A7IME HRE 7|%E 3t APOE XA}
exon 4 P SNPE F43t7] $jste] Table 17} o]
primers A7 9/Jsto] 570bp =719 DNA @S S5
sttt &, A3AVE fle F 607 gy E3 DNA
£ ARt PCR7IHOZE 53 %, PCR $3=S ¢
71ME 23 A3} exon 4 G9] 2034AA G714 E F-
oA T(thymine)7} C(cytosing =2 @l 7]x]8ko]] <]
3l TAE SNPE HE3IATH(Fig. 2). ]9t o] H=H
SNP Qo] A)gtE A Acc I(GYTMKAC)S] Q1A H$7} &
Aste] PCR-RFLPZIH O 2 S0 A9 & 30970l uist
A4 NAE SNP F-3248S A8kt Fig. 100 AA
gt PCR-RFLP 719584 Aiox B nupel 2ol
Acc | Algkas: QIAFL)e] EA) f-5-ol wet o] Q1A
F97F EAsk= CIC A3 2687 292 bpe] 27]¢]
“Ho =z Heteo] BHAar, 2709 JAAFL7 EA)s}
B TIT $3x38L 97, 195 9 268bpe] o] dHo=w
ATt 28] T/C hetero 304132 Tk C diE
AAE B%F FH3FEE 97, 195, 268 X 292 bp 47)¢] ¢
Hog Hejd 9o ® DNA bandso] st A
PCR-RFLPHO.Z HEH Il SNP A3 tiste] 7t
Zt A7IME A4S Al A7IXIEY] dAARE &
& ATHFig. 1). o133} & PCR-RFLP oz A7)
A SNP 32188 w48t A4 A SNP -3}
g S8 HFIA NS AR A3 Table 29F 2

Table 1. Primer sequence of exon 4 region within APOE gene for PCR amplification

Primer name Primer sequence (5' - 3) Amplified region Product size (bp)
APOE -F TGGAGGAGACCATGAAGGAG
exon 4 560
APOE -R CATCTGGTTGCCCTGCTC
M CT CC Tr €C C€CC CC CT CC Tr CT M

500bp =

400bp =

300bp =+

200bp ==

100bp ==

Fig. 1. PCR-RFLP for the detection of SNP genotypes (TT, TC or CC) of the exon 4 region within APOE gene in Korean cattle.
A SNP with the T/C transition was detected at position 2034 (g.2034T>C) within exon 4 region of the APOE gene. M : size

marker (100 bp DNA ladder).
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o] 37l SNP -f%2+8 7ke-Hl T/C heterod o] 46.9%= 7}
=2l

2 Z3go] E9ka 20 F C/C homod o] 42.2%= =}
2|3+ ¥HA T/T homoE& 10.9%= E3&o] Wdh 3k

, SNP i g1-34} W1%9) loiX = C thE-F-A71 0.656,
C g2} 03442 C FGFZA} 28] 7hrte] =
< ZENEE YERT 2 3 H2ARARTEY ol F -
(He) 72 04512 F8= L TFAYEAIG(PIC)E 0.350
©2 Yttt Hardy-Weinberg 2ol theh A= A4
< AXE AR E §17 HEE olF e T
2 ZA}EcHp>0.05).

Q17+e] APOE= 37kDa WA= A| o] whuld bl
Aujsl= APOE 7371 24919 #3124 Wolxle E2, E3
2 E4 Fhe] dig-fdztel] o3 ApisEs 65/ 4
Ago]l A= AowE LA Aal(Harington et al.,
1995), =iA]e] APOE +3A}= intron 3 el A3 4
7R dH-FAx7E EA5= (CG),; microsatellite marker
7} Ba¥ v} th(Ramsoondar et al., 1998). 124} A2
APOE 3zl Xe ofd7kA] 317 thdd/de] Bal €
u glo] £ AFellA gh9- APOE fr7141e] SNP HEE
AoM Mgz §H4 S e AHEA o]
7 Wolale o= Ao o7 AAFHE 2 AW 53
o #AXS ATskerl 23 DNA vHAR &8 +
NS Aoz 7=}

82 APOE REIte] SNP RHAIH0| S2 X S0
B

- APOE 4-7141] exon 4 %3<}¢] 203444 T>C SNP
7} g9 F8 AAF A v TS T st
o] .2034T>C SNP F-3A3 % S 2 SH4FAS579]
ABAFLS BAE AFE Table 39 2t} 39 APOE -
ZA}e] g.2034T>C SNP F-3A18-e S 2 24347}
U SEFEEol FES vAE =AEDP % SHo
FEFS A= S0 290 a7} A= ATH(p<0.05).
Ty FHAREE 23 UeA] EAFAE JlolA
+ APOE®] SNP f-3Agol| we A4 ozt vet
YA gt gk EAE AHeA TT #3488 7171
MAEe] =A& Fho] 57.818%FA] CC(56.854%)2} TC
(57.291%) +AAES 71 AAE vl 22 0.964%
2 0527% A% Frojdo® = Yelsth 3, HIE F
Al ool WAl RARE AAAF (LW =A41E
(CW)IIME HA] TT FHAES 711 7AlS°] 242t 556.
8759} 322.1255 TC(534.9277} 306.840) 2 CC(552.7413}
314.451) AR S 7 MAERY o =& 3oE U

How 53], AT fFrojg<rell 233 4h(p<0.08)
< BAth =8, §38 Ak 78 AA=EA wiHF
THHEH(LDA)E TT F3A8 0] 76.62524 CC(74.516)
2 TC(75.333) F-2Ag vls| o] & AFS i T
AFABRE TT F38238¢] 0.6062.%2 CC(0.680) %

Table 2. Frequencies of genotypes and allele for the APOE genein Korean cattle

Frequencies
Candidate Gene No. of &« HeV PIC? %
animals Genotype(%) Alldle
APOE CcC TC TT C T
309 0.451 0.350 0.467
(9.2034T7>C) 422 46.9 109 0.656 0.344

Dheterozygosity value; 2polymorphic information content.

Table3. Least square means and standard errors for carcass and meat quality traits of three different APOE (g.2034T>C)

genotypesin Korean cattle (n=309)

. SNP genotype Effect
Traits P-value — -
TT TC CcC Additive Dominance
LW/kg 556.875 + 12.650 534.927 + 6.091 552.741 + 6.426 0.083 -4.133 + 14.188 39.761 + 18.701
CWi/kg 322.125+ 8.156 306.840 + 3.927 314.451 + 4.143 0.168 -7.673+ 9.148 22.895 + 12.057
DP/% 57.818+ 0.382% 57.291 + 0.184%® 56.854 + 0.194° 0.045 -0.963+ 0.428" 0.090+ 0.565
BF/cm 0.606 + 0.068 0.623 + 0.032 0.680 + 0.034 0.406 0.074+ 0.076 0.040+ 0.101
LDA/cm? 76.625+ 2.056 75.333+ 0.990 74516 + 1.044 0.633 -2.108+ 2.306 0.474+ 3.040
MS/1~7 1937+ 0.311 2.159+ 0.150 2.000 £ 0.158 0.695 0.062+ 0.349 -0.381+ 0.461
Meat color 4625+ 0.132° 4.724 + 0.063* 4.983 + 0.067% 0.006 0.358+ 0.148 0.159+ 0.196
Fat color 3.000+ 0.046 2971+ 0.022 2.983 1+ 0.023 0.828 -0.016+ 0.051 0.041+ 0.068
Texture 1.937+ 0.080 1.855+ 0.038 1.903 + 0.040 0.544 -0.034+ 0.090 0.130+ 0.118
LW, live weight; CW, carcass weight; DP, dressing percentage; BF, backfat thickness, LDA, M. longissimus dori area; MS, marbling
score.
"p<0.05.

3 bWithin a row, means with different superscripts letter significantly differ (p<0.05).
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Fig. 2. Map of SNP in the APOE gene on chromosome 18 and
sequence chromatograms showing three SNP geno-
types C/C(a), T/C(b) and T/T(c) at position 2034 with
T/C transition in Korean cattle. Coding exons are
marked by black box.

it L ]

v £.2034 T>C

TC(0.623) 7AAIF S0l HIgl dujdoz 71 & 3
YeRATH S0 Qo= CC F3AFdo] 498302 7}
T =3 v 2 TC FiAge] 4724 18]a TT
AARE-L 462524 7P e 3hs B olg 3%
ol Fo1Z1 Afol7t A ATHP<0.05). FE3F,
A= (M) AAME FRAFH Tl FeJde] YERA|
BUAT TT(1.937)F-:4%-& TC(2.159) B CC(2.000) fr
AR o) mls) FojHos we A3S Bk o)de] 4
HE T E o) §-9- APOE f3dAke] TT SNP %2k
FHA FEFS A 53], EAER F9F<
o] QJ=Hr). wd TT SNP F3A8L Sa7
421 Aol Ueh §43 - 43S mAE A
o2 FAHAt
Apolipoprotein A AtiAL B %9 7S 3 B
ke gldEx o]52 7%l wEbd A, B, C 181l
E #o 2 ¥RIY O ANAEZA H, VI EA5HA]
T AEEA 7)5o] WEEHA] Zrh(Tsunoda et al., 2002).
o] 7k & AN FHF{ZAZ st APOEE &
EAPS B3 Ho] AEel ot Al A &AL
2 AU Xkl (very low-density lipoprotein) A3AF Z
Aol F23F I8 F3sh= Ao LR TtH(Mensenkamp
et al., 2001). 53], APOE A|ghile. o] =]} Ealﬂ*ﬂ
glol=¢} & A7} cholesterole] AL @ 0l S
g 71%5S B3sta Qo] AHtiARd FRAHALE J&
Ao] giide] =il lrk. APOE Atk e] o] e A4
Agletd B4 wizo] 187t Q17ke] - APOE AT

4o of

Lo

do 2 ot
X oX,

S sk Ak S B8kl SNP -3+
I AAQE S B ofe] Adke] gEdS Hagk o
TAIT} Bo] Wik o] O (Weisgraber et
Hodson, 1985) 7152 X3sksk FE9l QojA APOE 3
7] TEA EAT BAREAETS] BEAS Bagk 4
TAYNE AT Aot HZ ZholM B A F 2
ALE Aehe] Fulo wE AUzt tjabgele]
A4S dolr 7] ¢35 APOES] mRNA L3S =4sto]
B 3gk v} lth(Bernabucci et al., 2004).

& AF= 9 APOE f3AlA H22E 3 &
o] A71Age] o3k SNPe] 33 WolA|E W=sial
SNP F-7x2}&o] ghe-o] Fa BAFHN SF L 54
Ao mXe S AR flet] SNP F338% ol
SAFEEY] FHAS B4 A9 =AY 54§
Z‘Oﬂ"i SAA FIRPE EAskE 2ts E]lstact. wet
2 AFollA AET T APOE 312+ SNP £+
21 % SARA7RH 53], 7T B 2 A 9
ﬁ& DNA markerZ &8 718 Ao2 g€t §-99

A EAEE Aes s Bk 8 AR HARE g
= T S-9530) sl AsAlse] 2al =Als0]

—

e

_>.:

o] do = AHH ot wEbs AR}
AsE 771 EAFH EAE] =55 st
< Zo] AAHR Fasith 2y FERAAAE o &
gk Adaae)] sk 88488 717 fEide 3
ZF AAE o R v SNPE HEE o7t JloH
wEbA] 3RS exon 40]9]9] ThE ol thek SNP &Hjo]
o] Fojzo} AL FAlo A B ZARL|Z4) promoter
Jodo] ik SNP EA: @ FHT)

) EL

rr é rlo

o OfF
) =

ZEPH—E‘?/] %2l gpolipoprotein E
ﬂ%ﬂ*ﬂa}ﬂ 9Jr 2o Ay =
=) Q3 7158 ggsith, B o
;ug Z]QEHA}_Z\_%;_I #a z;zivx%x}_@\i APOE f3A=
oz ghpola o] FHxte] SNPE &4 W=atal
SNP fr3dx}8do] S & %é T EAEA vA= F
S B st ettt A EABATT fle
&9 607 2] pooled DNAE A|Z3le APOE %1419
exon 4 A& ¥33h= primers AAISIe] PCRZ 5%
3 A¥} exon 4 JGU 2034HA] T>C F7]x]8he] 2]%t
PE A&t oA F 3097 tigh 474 7H
A SNP 412188 FAs)7] 95te] Accl AHas

o]-g3to] PCR-RFLP7H o2 EA15 A3} SNP Trx%x}sﬂ
T E TTH 10.9%, TCE 46.9% 2 CCH 42.2%%
Uehdon T} C dldg-AxuIEE 717} 0.3449) 0.656
o2 FAHA. T APOE f3d#}e] SNP 2243 7
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=% 9 54 T =AFAA AWdS 5 2% A
3 =A% 9 S48 99 Auael dFEUT
=, TTES 71z 7AISe] CCE& 71Xl 7RAlEel B3|
EAE Fro] Ao EUTH(p<0.05). HEFF S =
TTEE 71 7fAS0] CCEE 7 A&l vls) & 1:1
e S dephith meby B Aol A

k9~ APOE f-34ke] SNP 34132 3h9-9] WH
7l 9 =480] =& MAAES 3 DNA maker=

28 7158 o JE,
ZAtel 2
o] =52 2008d% AXUStL i ATH] A9l
@ A,

1. Bernabucci, U., Ronchi, B., Basirico, L., Pirazzi, D., Rueca,
F., Lacetera, N., and Nardone, A. 2004. Abundance of mRNA
of apolipoprotein B,,, apolipoprotein E, and microsomal
triglyceride transfer protein in liver from periparturient dairy
cow. J. Dairy Sci. 87, 2881-2888.

2. Braeckman, L., De Bacquer, D., Rosseneu, M., and De
Backer, G. 1996. Apolipoprotein E polymorphism in middle-
aged Belgian men: Phenotype distribution and relation to
serum lipids and lipoproteins. Atherosclerosis. 120, 67-73.

3. Buchanan, F. C., Fitzsmmons, C. J, Van Kessdl, A. G,
Thue, T. D., Winkelman-Sim, D. C., and Schmutz, S. M.
2002. Association of a missense mutation in the bovine lep-
tin gene with carcass fat content and leptin mMRNA levels.
Genet. Sel. Evol. 34, 105-116.

4. Gao, Y., Zhang, R., Hu, X., and Li, N. 2007. Application of
genomic technologies to the improvement of meat quality of
farm animals. Meat Sci. 77, 36-45.

5. Haegeman, A., Van Zeveren, A., and Peelman L. J. 2000.
New mutation in exon 2 of the bovine leptin gene. Anim.
Genet. 31, 79-79.

6. Harrington, C. R., Anderson, J. R., and Chan K. K. 1995,
Apolipoprotein E type E4 allele frequency isnot increased in
patienrs wirh sporadic inclusion-body myositis. Neurosci.
Lett. 183, 35-38.

7. Hodson, G J. 1985. The pig as a model for studying kidney
disease in man. Swine in biomedical research, Plenum Pub-
lishing, New York. pp. 1691-1704.

8. Mahley, R. W. 1988. Apolipoprotein E: cholesterol transport
protein with expanding role in cell biology. Science. 240,
622-630.

9. Mensenkamp, A. R., Havekes, L. M., Romijn, J. A., and
Kuipers, F. 2001. Hepatic steatosis and very low density
lipoprotein secretion: The involvement of apolipoprotein E.
J. Hepatol. 35, 816-822.

10. Mullen, A. M., Stapleton, P. C., Corcoran, D., Hamill, R. M.,
and White, A. 2006. Understanding meat quality through the
application of genomic and proteomic approaches. Meat Sci.
74, 3-16.

11. Muros, M. and Rodriguez-Ferrer, C. 1996. Apolipoprotein E
polymorphism influence on lipids, apolipoproteins and L p(a)
in a Spanish population underexpressing apo E4. Atheroscle-
rosis. 121, 13-21.

12. Ramsoonder, J. J., Rucker, E. B., Vasquez, J. G, Gallagher,
D. S., Grimm, D. R., Lunney, J. K., Schook, L. B., and Pie-
drahita, J. A. 1998. Isolation and genetic characterization of
the porcine apolipoprotein E gene. Anim. Genet. 29, 43-47.

13. Rosen, E. D. 2005. The transcriptional basis of adipocyte
development. Prostag. Leukotr. Ess. 73, 31-34.

14. Takahashi, Y., Sato, K., Itoh, F., Miyamoto, T., Ochashi, T.
and Katoh, N. 2003. Bovine apolipoprotein E in plasma :
increase of ApoE concentration induced by fasting and dis-
tribution in lipoprotein fractions. J. Vet. Med. Sci. 65, 199-
205.

15. Tsunoda, K., Harihara, S., Dashnyam, B., Semjidmaa, D.,
Yamaguchi, Y., Tanabe, Y., Sakai, N., Sato, A., and Sato, K.
2002. Apolipoprotein E and H polymorphism in Mongolian
buryat: Allele frequencis and relationship with plasma lipid
levels. Hum. Biol. 74, 659-671.

16. Weisgraber, K. H., Innerarity, T. L., and Mahley, R. W. 1982.
Abnormal lipoprotein receptor-binding activity of the human
E apoprotein due to cysteine-arginine interchange at asingle
site. J. Biol. Chem. 257, 2518-2521.

17. Zechner, R. 1997. The tissue-specific expression of lipopro-
tein lipase: implications for energy and lipoprotein metabo-
lism. Curr. Opin. Lipidol. 8, 77-88.

(Received 2008.9.3/Revised 1st 2008.12.1, 2nd 2009.1.29/
Accepted 2009.1.29)



