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Production of Transgenic Mud Loach with

Apolipoprotein Al Gene

Youn-Ho Lee

Department of Fisheries Biology, Graduate School

Pukyong National University

Abstract

Apolipoprotein Al (Apo Al), the major protein component of
high density lipoproteins is linked to numerous metabolic
pathways of animals especially with respect to lipid metabolism
involved in a development of coronary artery diseases in
mammals. Fish species, which have higher concentration of high
density lipoprotein (HDL) in their serum than mammalian
species have, are believed to represent relatively strong activity
of the apolipoproteins. To initiate the engineering project of fish
lipid metabolism, we discovered various types of apolipoprotein
genes from several fish species including our experimental
model organism, mud loach (Misgurnus mizolepis)y based on high

density screening and Express Sequence Tag (EST) profiling of

7]\/“




cDNA libraries: 14  different transcripts encoding fish
apolipoproteins were obtained with 4 kinds of ¢cDNA libraries
from 3 species (loach, shark and hagfish). The selected mud
loach Apo Al were fused to carp beta-actin promoter to
develop a mud loach Apo Al-expression vector. Transgenic mud
loaches were generated by microinjecting the vector into
one-celled embryos. Various genotypes of transgene were
detected in transformants with 1 or 2 copy numbers of
transgene(s) per cell. Founder transgenics exhibited the
remarkable increase in serum levels of total cholesterol (T-CHO)
and HDL-CHO up to more than 200%. I fish propagated from
the selected transgenic lines showed more increased level of
expression up to 3-fold when compared to control normal
levels. Various feeding experiments with the feeds supplemented
by high fat and/or chemical inducers, many transgenic fish
accumulated the preferentially the HDL-CHO (up to 4-fold of
control value) rather than low density lipoprotein (LDL-CHO),
indicating that the fish would acquire novel function to change

the composition of CHO in a desirable manner.




Table

Table

Table

Table

Table

Table

Table

Table

Table

X ¥z (List of Tables)

. Summary of cDNA library construction - - 21
. Summary of EST profiles S 22
. Putatively identified cDNA clones as apolipoprotein 23

. Sequence homology of the mud loach apolipoprotein at the

amino acid levels - _— 36

. Comparison of plasmid form on gene expression following

in mud loach 39

6. Factors affecting the viability of mud loach embryos subjected

to various conditions of microinjection - 43

7. Incidence of transgene in the hatched larvae developed from

the eggs microinjected either with pmlectGH (for mud loach),

pcap-actfGH (for flounder), pcaB -actGH (for carp) or pHxp
-actGH (for greenling) T 44

. Serum level of total CHO in transgenic and in transgenic

and non-transgenic mud loach : 46

. Serum level of HDL-CHO in transgenic and non-transgenic

mud loach : 47

Table 10. Brief summary of transgenic lines containing pFV4mAPO

cDNA 48

Table 11. Hatching rate and early survival of two different F: transgenic

lines : 50

Table 12. Germ line transmittion and expression of apolipoprotein acti-

vity determined by blood concentration of T-CHO and
HDL-CHO o : 51

,Vi_




Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

298 % (List of Figures)

1. Blast search results of putatively identified clone. - 28

2. Complete nucleotide sequence of the mud loach apolipoprotein

cDNA. e 29

3. Hydropathicity profile of apolipoprotein genes. 32

4. Prediction of signal peptide cleavage sites in apolipoprotein
amino acid sequences. - 33

5. Alignment of amino acid sequences of the apolipoproteins. 35

6. Phylogenetic tree of apolipoprotein based on amino acid sequences.
------ : 37

. 7. Tertiary structure of apolipoprotein reconstructed by automated

protein structure homology-modeling server, SWISS-MODEL.
38

8. The pFV4m Apo construct used for microinjection. -~ 40

9. Representative Southern blot of transgenic Fo fish developed from
the embryos injected with pFV4m Apo cDNA. 45

10. Plasma T-CHQ level of contrel mud loach fed with the diet
contained hog fat for 4 days. = 54

= vii —




Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

.11

12.

13.

14.

15.

16.

17.

18.

Plasma T-CHO and HDL-CHO levels of control mud loach
fed the control diet for 6 days. R— 55

Plasma T-CHO and HDIL-CHO levels of mud loach fed 1%
cholesterol diet for 6 days. - 56

Plasma T-CHO and HDL-CHO levels of mud loach fed 2%
cholesterol diet for 6 days. - . 57

Plasma T-CHQO and HDL-CHO levels of mud loach fed 4%
cholesterol diet for 6 days. : e o... B8

Plasma T-CHO and HDL-CHO levels of non-transgenic mud
loach fed the 0% cholesterol diet for 6 days. 60

Plasma T-CHO and HDL-CHO levels of non-transgenic mud
loach fed the 4% cholesterol diet for 6 days. 61

Plasma T-CHO and HDL-CHO levels of mud loach transgenic
lines (TG6) fed the 4% cholesterol diet for 6 days. 62

Plasma T-CHO and HDL-CHO levels of mud loach transgenic
lines (TGY9) fed the 4% cholesterol diet for 6 days. - - 63

Fig. 19. Plasma T-CHO levels in transgenic line (TG 9) and

non-transgenic mud loach fed the 1% fenofibrate diet for

10 days. - 65

Fig. 20. Plasma HDL-CHO levels in transgenic line (TG 9) and

non-transgenic mud loach fed the 1% fenofibrate diet for
10 days_ e 66

- viii —




o] & #|AL W glr} (Hew and Fletcher, 2001). o]o] o] {F &
ARG AFFEe FAx 243 FATE 93

Holl A =4 zhaEkw gloe (Powers,

1989; lyengar et al, 1996) X 79 WAl 2d AJAelo 2 A o}
2o AYES Zeh A, A58S st w92 23] &
olsla wa A T A Fo Afle] e glow, A, Y
Yo AlskE vy R T ofF S
Mol Gojsbar, A, wj B £
Zdd et B Sro] 23 o 7}‘:—0}‘31 dlay, 1Mo dolrt
vl Fol AAME HAdugs Astriel &olstar, tiAlA,

EHFol vl B 4w AR SA6) chFe) Wz
o

2% gr% 5 Atk Eo oAM, oiFe weA, HEA o

N

i

14
foh
o
fi3
o
[ <)
®

He A9 = zax_r T

o] 5
Z2to] 7psstnE dAAE AT ol T"rﬂ?}




1t} (Nam and Kim, 2001). 82

ol &ated AgF FHAe W B wme EEH YA

T Moz oo ﬂmﬂrﬂ.%%&ﬂﬁmaﬂww,%;@
o o M Mo T o1k — = o o
%Eév mﬂ%hu_py 7m_x%ﬁ,i_mLL
— o N X o o &0l 2 R o

L_O DT.r_ _,ﬁ 1 1Jl S OEe " Zo ”m < T a OW M_mm < R_v
N B o o oTe o cRE o c.w - _ it
- L L BT LA =R
° ..:11 X ~ = K N =) L N © T T
R oLy WEREEE e T ZX
= = _ = . oy, ER T

RN oy — R’ — ) 9

moo ~ o oK e o2y Oy B 2 o

oF oy X4 T N o) T W= TRy A 70
cianw TERITT Lo s wIIT
_MT oF Wl i MV!.. JJo Wo e & o ) =T ~ 1 iy oo
oW ®E . _FEN® P L G 22 F T
P R ER® g BRI FT w0
<0 e 8 N R T L Dy =0

G I N A S
—_ T 3 > U o= d r = X i .=
X i MM = RN T 5o DTG mmﬂ e - Uo
AT e L " S L oo T S ©
o - X ST m N i ol 4 o % o & ol
1T 5 ERAx PTRT eI h B
T T2 L he®E Mg 2=
Moo I N~ N S I ~ ¢ e "
ol Wl Hm oy T o7 T LN Wy 0T LT
Bo ﬁ =R SN e L T o o N =
T L aTEaT L R gt

= . ' — o R
ah%ggmco_nﬁ.wrwnﬁ}o_wwﬁ%szWaﬂ
R N M e S GG
o — o o) o o o W N D ogmomow B 0 oF T
N < < W g vom o . mo

dr o we o o B o " O odr o W L® T g
o B W X T oo oW RO R OB W RS W

A7

jL .
—

o] &

5}

[s]
[<]

=4

bzt
faA o4, o7

<)

A
%
CRERDRES

A
Ol

714072 )

3]

@)

=
, A s Al

|
=

o

4 3

g

ko)

2 (quantitative trait)
J

z2A, A
%

o =4




3. e} (Devlin et al., 1995, Dunham and Devlin, 1999; Nam et

al., 2001).
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At (Douglas et al, 1999). EST= Al=tE ¢
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o]% Apolipoproteing-2 lipoproteins 2] F+Q 4EoZA 2E
AFgwel A A A W A FRd e sy
e (Gotto et al, 1986) B2 Apo WA &2 =419 M7

&= 8%t} (Segrest et al, 1992). ©] F apolipoprotein Al (Apo
Al)-&- high density lipoprotein (HDL)2] FQ whula AR o 2 A
SHe 9AE AA 24 2 e 2sHE dajel Bia
golgch. HDLe %3 ¥ 7o 2Ry RulEs FH2HE3
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A N5E Fe Aog d4uy don FAr Fy s Ed A
&3l A HR22Ql reverse cholesterol transport (RCT)2] 304
o wdscd (Plump et al, 1996). HDLe| S0 74 ol
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1. o]5 apolipoprotein 7 #}e] g4 2 ZF =4

1-1. ¢cDNA library A4 2 EST

111, %2 Ay g

LibraryS- A 2tsl7] 8l wFetA] Misgurnus mizolepis, Aboq
Scyliorhinus torazame, ™73 0] Eptatretus burgeri 5 3% 9] o] £ & ol
&l A& (intestine)i} 7F (liver) &S Olde =2 7t 22 100 mg
<1 o TriPure'™ Isolation Reagent (Roche Molecular
Biochemicals, Germany)Z o]-&3}e] x5 2bds] s 5, o

oA 1087+ WA &1 chloroform extractiona} ¢ 4l%-<] (12,500

rpm, 1585 vt dEe s dAste] RNAE 2 F3hc
Apzol e #Hel F, ek isopropanol-g A 7}8}ad total RNAZ]

Ade Gualery. 250 pge] total RNAZHE mRNA Isolation
Kit (Roche, Germany)3 ©]-&3l] mRNAWHS &4 & ¢ ot
RNA Alsio] lysis buffer (0.1 M Tris, 0.3 M LiCl, 10 mM EDTA,
1% lithium dodecylsulfate, 5 mM dithiothneitol, pH 7.5)% 7135}
a 65 C oAl 247 Wx]sE % 100 pmol/ué, biotin-labeled oligo
d(Da 2 @S gol 933 4olal, poly (A)9}t oligo d(T)3H2)

Hxstedch. o] 3 streptavidin magnetic particles
15 mgS H7psle] 37Co)| 587F vk 3t biotiny} streptanidini}
o] A@gee fFrstart. 93]l $EHT magnetic particle

separater (B o]-2-3le] washing buffer (10

<
O
o
0
o
3
o
S
=
il




mM Tris, 0.2 M LiCl, 1 mM EDTA, pH 7.5) 250 ut& 33 "¢
F %, DEPC AHelg dgE 65T 283 712814 magnetic

particle 2 2-E] poly (A) mRNAZ ®g] 3%th

1-1-2. ¢cDNA ¥4 2 library A=

2old poly (A) taile] mRNAS o], cDNA libraryE )2t}
o cDNA library A= 93 A3 3g2 Stratagener} o]
ZAP-cDNA  Synthesis Kit2} ZAP-cDNA  Gigapacklll Gold
Cloning KitZ o]-&3la] S35t} Al ZAL] protocols HHEE S
2 mRNAZEFE] reverse transcriptases ©]-83}o] cDNAE A4
dflon] 22Yg SolsiA &7 98 4N DNA9 BT
zAs o 28 Xholz} EcoRle] ¢z & ok zix 2 319t &
A% cDNA TS % 06 Kb o] 45 DNA strandEvHs 4149
5} 7] 9]sl sepharose column$ ©]&£-5}4] size fractions +3)5ld
t}. Column A4 StratageneA}2] c¢DNA Synthesis Kit manual
of ujg} Falcon 1 mé pipettei} 10 mi sterile syringeE o]-8-8}<
A2ralsn o) columne] wjd e sepharose CL2E o] £33t A
Zbgl drip columne] cDNAE loading® - 7} 100 x4 12 &+ 9
S dlon AygEor 7t Yol 9le cDNAY Hols #<l

% 06 Kb o]4¥ cDNAEZ Aelsle] WEj 9} ligations 43
shsich

Ligation® cDNA/¥ €S bacteriophageel packagingsl”] ¢]3l

1.0 pg ligated DNA 4 & FYIH packaging extract (Stratagene




Co., USA)&} FA} 4jolF & A2 (23T)olA 2413F &<t ¥he=
Fedtach Hhgo]l 5% SM buffer (100 mM NaCl, 8§ mM
MgSOs, 50 mM Tris-HCL; pH 7.5, 0.01% gelatin) 500 p¢<}
chloroform 20 0% HAriste] HH3] Helr 4T BHEsly A3
o Ahg3titt Packaging®] &85 W43t7] fl3 titerg 3ALsH
Adrt. SFAEE FWIst7] $18] agar plateo] Dbacterial glycerol
stock (XL1-Blue MRF'$} SOLR cell)& =3t 37T o)A 16A]7H
w] k3t & single colonyE #3}o] AAu)= (10 mM MgSO,, 0.2%
maltose in 1X LB)oll HE3}e] 37TANA ODew = 1.00] FA &E
] 7h 2] vRekSt & 10 mM MgSOsE ODeg = 0.57F S A 327438}
of H¥o] AFEEck Primary library titeringS ¢35 10 mM
MgSO,0) ODew = 0.5% 345 host cell 200 i} packaging ¥l
lambda phage 1 @5 #7} &, 37ColA 1583 ¥ A Atk wb&
o] =¥ NZY top agar (melted and cooled to ~48T) 3 m¢,
0.5 M Isopropyl-1-thio-p-D-galactopyranoside (IPTG) 15 ¢} 250
mg/m¢ X-gal (in N,N- Dimethylformamide) 50 @5 H7}3+ FA|

NZY agar plateoll a1 10571 A.@of X3 F 37Tl A 16A]
b Bt e ke

1-1-3. Plasmid W & 2] sub-cloning
Lambda phageo| X35 o] ¢l ¢cDNA clone&-& plasmid H ¥
% sub-cloning &}7] $3] mass in vivo excisiond 483X}

Excision®t§-S 2|3 phages9] s+ A EEQ XL1-Blue MRF 9}




SOLR cell strainS 10 mM MgSOs2} 0.2% maltoseZ} H7+€ LB
w2 A ODgy = 1.0 (8 x 10° cells) 744 4&A71 3 10 mM
MgSOyo ODgw = 109 BE g zAste] Aglo) Algsigct o

Al phage stock : XL1-Blue MRF" cell : ExAssist helper phages
1:10: 10002 23slo] 37T 1587 vheAl 7] 2 &M phageE o}
RE &% gESe] RAHEE gich wgo] gEHW 20 el
LB Hj A& YW1 3A]17F 5ot 37T A shaking cultureE a5t
I oulE F e7TeAM HEES EEYE A71aL cell debriss &
AAEE (1,000xg, 1032 %3] A Astdv}l. Excisiono] & o
2 o]FolHeA &lslr] sl 7] excised phage 1 @& EHI
w1 SOLR cell 200 gio 37C 1587 7b49A)7itd. Excised ¥

phagemidi= ampicillin W4 #7248 Tgdses z3Hoeng

-

29 ¥ SOLR cells (phagemidE ¥ 3§lcl= ME)wHS Mg zog

-
2 7] 2]s) LB-ampicillin agar ¥} 7] (50 pg/mé)oll =sls o)

1-1-4. EST clone 1)

Sequencings- %3¢t PCRE template® $HIs7] #std cDNA
= 333l bacteria colony3-S LB-ampicillin o84 wj=le] &%
Sh3 16417 B0k 37Co A wokarsinh wioke] T F HAR
2 B A
gl o g resuspenddt ¥ A Lo A 2417k Fob HEX| SR o 50T

ol A 302zt wEEAIZITH wREol gk 94TolAM 1548t

!

u
i
m

55 3 45la. proteinase K (100 pg/mé in DW)

1
b

J%

proteinase K& B @438} A7]3 oAl ¢4l (12,000 rpm, 5i)




2 23 cell debrisE | A3l3L plasmidE T g8 AF9&

3o 20°C o] wakalwla Aol ARg-Sch

Y

1-2. Library Screening2 %3 apolipoprotein %4} =2
A A library 2] 1z} profile %Al & ofE}l housekeeping genes

}E 2R 2R 7HAERE A7gte s FA9 A7)

S Iz
F= R~

oot

AN EAA dojd F gl FAAMe] e Sostetsith
Normalizations 4=33}7] $)&] 1z} BLAST profilec| A libraryi
20% o]xbe] RS 1wolx= EST clones2 Uz PCRE &
3} DIG-labelingS 43)38}c] probes Al Z3stR .0, w3l 1z EST
=2 B3 sy F= F  apolipoproteind}t fAMS vERE F
2o gader PCRE %3 DIGlabelings  Fasto]  filter

screening&  probeZ A F3d T 96 well format %+

o
ol

replicacll S7Ao = AFHso = 5007l bacteria colony set=&
o= nylon membrane-S Wk HAl Yo LHEa 15 FH d
o] Yol £apxiow HAs £9 (05 M NaOH, 1.5 M NaCl)ef] 2
B, =43 89 (1 M Tris-HCL, pH 74, 1.5 M NaCljell 5%, 2

SSC (0.3 M NaCl, 30 mM sodium citrate)ol} 13-3F H %

membranes] DNA7} AislA H&AEE2 UV crossing chamber

hl

(Bio-Rad, USA)ell A 150 mJ& FAbste] UV cross linkingAl A ¢
X A ZF probe?t multi-hybridization& syFogy FEHAM F

29] A # 9 positive cloneE-g M3 T).
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1-3 Apolipoprotein 87} A3k 2 A7 d 24

R ¥ 7} bacteria colonyEe 2 m¢ LB-ampicillin @] 2] v o
4 wd wesgn. advas Ea AR g5y
proteinase K (100 pg/mt in DW) S<lol| #HErsto] H2or 24|
7F, 50T oAl 3057 WAl 3, 94T oA 157t proteinase K
2 247 A AR (12000 rpm, 3E)E  F3l

plasmidE x3ste Ashe Aok

-

Primer extension® 8 lysate 11 pt9} SK primer (5
CGCTCTAGA ACTAGTGGATC 3) 32 pmole, % H£4¥
ddNTPS ¥ 3}3}= BigDye terminator (Perkin Elmer Co. USA)
2 u¢, = 25x dilution buffer 6 ptE o] reaction mixtured %t
=3 PCR cyclingS dstgrt. PCR whg2 94°C o)A 35-7F
initial denaturation 715 AW F 96CelA 105, 50TlA 53

9 60T A] 48g AUk PCR w0l gH F PCR A&

o cthanol HABE A)7]3 70% ethanol wash& 38}t

A0 7 35 w9 loading buffer (5:1 deionized formamide to 25

mM EDTA, 50 mg/m¢ blue dextran)ell resuspenddte] &4 o)

o

stalvl. Sequencing gel® Al#FAre] protocol (PE Co., USA)o
uje} wrE ¥ ABI 377 sequencer (PE Co., USA)E o838t 7]

A dataES SRS

1-4. Apolipoprotein # M 4}e] F2% F49w4

Sequence gelol A Hojzl dataZ ANxMG BA softwares]




Sequencher 3.1.1 {Gene Codes Co., USA)E o]&3s}a] dataE 4
Z owlEg] BE sequenceE XE3IE BHadt Ar|Md datag Al
A38al Genbank A& alsigick thE o|F=1e A7) M4E
Woolum At A S| A e HARA Blie NIH BLAST =21
@ blastx®} blastn (www.ncbinlmnih.gov)s &A1l 38ttt

£ fAde FE R 5 B4 CGC 947] A9 B4 zZ2o

rlo

7 (genomic.sanger.ac.uk)®} BCM Search Launcher: Gene Feature
Searches (dotimgenbcm.tmcedu) 21338 o]-&3te BA31F
oh 3 Aoz /] MY 2 olmNE &5 ofulmi Ade
MultAlin  (www.toulouse.inra.fr), Clustal W (www.clustalw.
genome.ad.jp) &2 multiple sequence alignment ZZ 13#Z o] &
sfol b w@gto s AEAS N YA,
Apolipoprotein =~ ofv] =4t A ¢ 2] hydropathicity  plot&
ProtScale (expasy.hcuge.ch)s o] &3dle] 28] A E o] signal
peptide?]  §3% % cleavage sites®] o &2 SignalP
(www.cbs.dtu.dk)E o|&3s}le] FAson, PSORT (psortims.
u-tokyo.ac.jp)¢} TargetP (www.cbs.dtu.dk) 52 Z2183 o]&
sted W% apolipoprotein ©9) A 2] sorting signal®} AW §
2 5 o &5t w3 SWISS-MODEL (www.expasy.org)Z o]
$ate] Frel el 33 TRE ATk vwstdn

v] -2} 4] apolipoprotein & 2} ol2]8 wlg )it

2-1. o]F Z=axnE FH 1 74 gy}




Apolipoprotein ~ F4%¢]  &&2 WAS  fFE7] H)
RSV/LTR promoters} Jo] B-actin®] 57}%] promoterc)] reporter
FAA9 CATE 72 FHAR st WAMHE Azsidr. o

S AzY BANEE BY 29w YAE 8 vy o

o] HASS 2AFEIH oM, o} 2] plasmid formel uwpE &9
atel= HEsRh & 5 i A9 plasmid formel o
& okAs xAlEl7] #18Fe] miniprepell 23] doiF Zhzd 100 ug
o] plasmid DNAZE circular form3} EcoRISZ digestion 3t

2
N

linear form®} circular form It & W He}A] 5o FALSIT 48
A7b & CAT assayE %58l o5 promoters] W f5x HAEE

I BTAS S= =

2-2. Apolipoprotein A x} a8 wWE s
Apolipoprotein 34 W& dWEe] Ax£E 9|8 pBluscript 11
KS(-) (pBS; Stratagene, USA) = E{1fel cloning¥ o]l ML003
plasmid®} pFV4a plasmid 2 pgs #|gta s Notlah  Xhol 10 US.
2 O2ANZE Feb WgAA Hed §, ol Ar|gEste] AV|ER
HEelstdoth sl bandE EEShe gel =42 25 E Geneclean
kit (Bio 101, USA)E ©|-&3&te] &< 8tL T4 DNA ligaseE ©]-&3}
o ligationsl gt ©]o] 50 mM CaClg AHel3t thgd 45
XL-1 blue MRF' 3ol &adga]z])a, wjbs & vebd 24

Z2gUE B9z Adsa 37T A 2 ne LB vfjefeRel] wka)




3. Apolipoprotein +d4} && /57 HAE AT AP
SRR

3-1. Microinjections %3¢ -FH =} o] 2]

3-1-1. Microinjection®] &2 Z3 £A}
de sl 7l 2F n)FgAE 594 HCGE oAlF g9
10 U9 w2 57548 F vl g5 do] XA
de &S 15T ®myshaA] 1M =gt 4 de] &4
gl oekd 27908 microinjectiond A AIEFTE o] F
microinjection®] Hyb ¢S 25T 9} H3rvg A HIE4 27

AMEEES T8t 7HY &84 < microinjection & 8

LIS

7] 3-1-12] wiwdoll ofs] Ao FHZFHF 2] microinjection W
HE o] § 3o mAAs ez 33 A 4GS WE

Aeldt & ojEs HealAH dlel AREeldth

3-1-2. # & microinjection Z 7 2] Fd=z} o]

3-2. Southern bloto] 2]3F FH 2} YT E 4

135l 3709 & meEx=eu]E 433 5 SDS/proteinase K
Wo) 9|7 DNAES F%319c). Southern blotg 18t 10 ugo
DNAE A$& A Drall2 &} 0.7% agarose gelolA] 753

% nylone membraneo} &7 non-isotopic labeling and detection




kit (Boehringer-Mannheirm, Germany)& ©]-8 Southern blot &%)
t}.

3-3. A dE /5 24

271 3-29] southern blotell A positive signal®} high molecule
weight DNA band”} 1.¢] integrationo] ZHolel /|3 & dA 12
v)g ol T-CHOQJr HDL-CHOZ %4 Apo Al frazlel a4

g ojA FH KT Ay zAME

3-4. Stable line R = 913 F, A2k
3-4-1. =3 waw) Fy A2k

A7) 332 AFloa wrH g0 F& Fo9 line (TG 6 2 TG

9)-& A A sl ’&EJ%QI AEAANTE FF3 & hxdFe HAE -5
el

Ao e s festal TG 6 2 TG 92 %E Ao

=

7t lineo| A 20wk 42 A3 F 47) 33 7]E3 AdRlew
T-CHO % HDL-CHOZ FHgezs T olfseo wd&y 1

4. Cholesterol % fenofibrate F7[Alg ol 23 248
o] F 2] cholesterol F & w3}
4-1. WA H7HALE Fitel w2 of A} T-CHOS HDL-CHO9)
Tx st




svdrlz T F ”Hlﬂlr?‘l Atge] 0,5 3 10%¢]
27 A 497 Hel & T-CHO % HDL-CHOZ2| F&%
8t =Asta iz wFEdA e 9do]M s % cholesterol AMS
¥ 2ol el W oie A,

LDL-CHO7} =2 zlog ol # <y Ao wAFLS Al
h=r
Q

4-2. Cholesterol 5 9 ] 7j7td] ©}& o4 T-CHOS}
HDL-CHO®9] &%= W3t
421, F=7 u)e}A ol A cholesterol AFE 3-HFA] YERY=
T 2 A ATk @ E W}

Cholesterol (Sigma, USA)S mlebA] Algel 0, 1, 2 2 4%
FEE 3o nFeHe 6d Tt $ 2 Ao T-CHOSg
v% 49 HDL-CHO$S $ 58 ZAlste] 5% % g A mﬂ mE

3

27 vreta e] doly cholesterol

422, A A v} A o) A] cholesterol AV 344 T-CHO=}
HDL-CHOS®} 553}

Bo1 B R AE (TG 6 9 TG 9)2] stable TG lined]| 4%9]
cholesterolo] &% Al8E 697 2 sk F 2¢ o= EF
T-CHOg} HDL-CHO®¢| =ng =zAtatdc). oy gzgogs
cholesterol ¥-#7} AtgE &3 o (control 1)7} 4%
control 2)2 o] a3
2 A g uv)HelA 9 cholesterol &A% HDL-CHOS] A&

H 3}t

cholesterol # 7} Alg8& &

2]

L

_——

KeR
=

Hm

4-3, Fenofibrate #|#]7]7}o] wE o}z T-CHO<2} HDL-CHOZ2]
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Fx Wzt

FenofibrateE- AlZol 430] F3to 2 vHelx] Apo Al #3
28] 7150 fenofibrateol] 2ol&f ofw 3t giks Womn, EH Fo
Apo Al frdake oW g typeo) Zshiovhe dotrz] g8 @& A
3 AAskgch B A382 9dle] 1% =2 fenofibrate’} 3
H MRS txaddt TG 13 9] vjFakAo ¥4, 693 10 %
olze] A5 3 T-CHO ¥ HDL-CHO® #x W3ils A3}
%),

4-4. T-CHO % HDL-CHO®] =3#]

4-4-1. T-CHO =4

ol AHHE 1.0 ni/ce (26G 4") syringeZ Al-E-5Fe] 200~300
w QA o, AAE HNLS 7000 rpmol A 5ETF 91412
S serum%t A2 S tubeol H I FFFUE HHH ZF fA 9 serum
2 ELISA(enzyme-linked immunosorbent assay) plate reader
(Bio-Rad, USA)E A} 83l Rasieich, 24 Aoz &
cholesterol =4 & Alek(olatalz, )2 AbLgslgon, 24
Mo fish serum 2 pgéoll 300 wl &AM (cholesterol esterase +
cholesterol oxidase; o}4He| =1 T-CHO =73 & A]o, sh=)& 490
serum¥ & A~dlo] 419l microwell plates 2ol 1027

3
Mg AT ol FAWelE  PBSSt REAFelE  EF

4-4-2. HDL-CHO %%
gl A 9 oserume} AL Fr]e] T-CHO ZARMe 2




e o g ok £4 Aoz HDL-CHO A8 Aok (oF
! FA (AWEAEA + ASOD: HDL3} #1314 o]
2 AW gAAE o]fste] HDL-CHOwH Aelx &sfslr] 93
A1k 9} Al¢F B (cholesterol esterase + cholesterol oxidase: &A-Hb
Sof o3& &8 HDL-CHOZ Aeslalr] 918 Aleha 74w o]
glom, A1 vk o == fish serum 3 o] 300 p¢ AJ2F A9} 100
w AeF BE AolE F serum} FA4 Alofo]l 4%l microwell
plates A&dA 5~10%-3 wkg-Alzith olm FAFel= PBS9}
AEA = FFAMDL-CHO 50 mg/de)E A& 3o,
ELISA plate reader® A}-83lod 655 nm (734 600 mm; -5}7

700 el A FEEES SA A
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o] 3 2}2] apolipoprotein F A 2Fe] g4 o

p1o)
iy
i
o

1-1. ¢cDNA library A2}
1-1-1. A2 cDNA library 37}
itel wd ol st 9] ol F 8T ZNE 197)9] library

B F7 2A)7F FEAAG. FHD libaryEe] EAA S

i

?le) 7z} cDNA libraryEo] 83 FHAES L7 A=A
=L

1aps #elsta o] S 2t librarys 258 529 48709 FE855
Atsle] Axs FE50) LEstL A= cDNA insertz o P
Hol&

glol s} 1 Ay AZEFE primary librarys9] A7)

pfu/me Aol oy FE& library
9 oexcised # library 9A] ZHzE FHA 25 x 10" pfu/mé 2 1.5 x
10° cfu/meE eEbglosn odd §AARE ¥t e
cDNA library7} A HISS & = Add A28 o)E library
% apolipoprotein®} FA}1-S Zi= clone& X §H3h= libraryE

Table 10 e AT

1-2. Express Sequence Tag (EST)¢} Library Screening$ ‘&3t
apolipoprotein 42} &4

1-2-1. EST dlelE] Hlo]~ 33

ANAMEe 2 2 fFARAel BEl (@) 5 upstream ¥ L

poly (A) signale] HExo] gle=A ofH, (b) Start codone] Z X

rir




E50] 8= ORF 14 &%, (o) 24 HkssHe ¥5 A7
e] contig A B 2 WE, (d) 2HT WHEEe §F% @714 L
contig 2H4 W "1 W%, (e) GenBank?] dolEjno] 2 A7 A
I match® =2 o8, () match®Jobd 1 FARA (%) A%
(50% o], 30~50%, 30% v|TH), (g) query-Subject?t alignment’}

H7lM el Arbel 2AA U=A o FEE GUIME G GolA

R EAS=A 9%, (h) unmatched F7IME7E FEdol AEA
& oole driMdgoel Fd ORFA oF & #4390t 7+=
#l ¢DNA libraryE 2 EST2] 712 #<¢l 544 Table 20 e
Aot

1-2-2. Apolipoprotein®] 5}

Library A& Fs) #<2l¥ apolipoprotein 34} clones &
vl e} 2], Misgurnus mizolepis 7+ ¢DNA libraryel A 1071, F54
o, Scyliorhinus torazame 7+ cDNA libraryell A 2719} % <DNA
libraryoll A 17, 2 HAo, Eptatretus burgeri 7F cDNA library o]
A1 5 FE 1478 2] positive clonee] #2159l Table 32
A7 25} vlebA, o] @ wlgoleie] B91¥ apolipoprotein

g F74 Awoloh




Table 1. Summary of ¢DNA library construction

Fish species  Tissue

Mud loach Liver

Misgurnus

ntizolepis

Tiger shark Liver

Seyliorhinus

forazame )
Brain

Hagfish Liver

Eptatretus

brrgert

Primary
size

(pfulnt)

1.2 x 10°

21 x 10°

1.5 x 10°

28 x 10°

Amplified
size

(pfifme)

1.0 x 10"

25 x 10"

6.5 x 10"

2.0 x 10"

. A
Excised verage
size length of
insert
(cfu/mt) (kb)
75 x 10 16
5.0 x 107 1.7
28 x 107 2.0
1.5 x 10° 25




Table 2. Summary of EST profiles

Fish , No. of % of novel % unique % full length
_ Tissue

species EST gene seq. clone

Mud loach  Liver 320 11 76 75

Misgurnius

mizolepis

Tiger shark Brain 365 21 85 46

Scyliorhinus
forazanie

Liver 288 17 88 55
Hagfish Brain 192 35 84 51
Eptatretus
burgeri




Table 3. Putatively identified ¢cDNA clones as apolipoprotein

EST Clone FPutative Accession . Length Score
P Species % 1D .
source No. I[dentification No. (aa} (bits)
. 7 . Carp
MLOQ3  apolipoprotein Al CAC34942 ~° 7. _— 171 61 221
Cyprinus carpio
MLOO7 28KDa apolipoprotein  BAB40960 Fel o . 222 50 227
Anguilla japonica
MLO35 28KDa apolipoprotein  BAB40960 Eel S - 222 50 227
Anguilla japonica
MLO36 28KDa apolipoprotein  BAB40960 = 222 50 227
Anguilla japonica
Mud loach c
o i +i ~ A C 3404 arp
Misgiruns - MLU37 - apolipoprotein Al CAC34942 Cyprinus carpio 161 59 202
niizolepts C:
MLO3R  apolipoprotein Al CACos2 NP , 155 60 19
. Cyprinus carpio
Liver ]
MLO45 apolipoprotein AL2  AABgso73  Rainbow trout 249 40 194
Oucorlngnchus niykiss
. . Rainbow trout
46 A - - 97 X 2 £
ML049  apolipoprotein Al-2 AABY6Y73 Oncortignchirs. nuykiss 57 4 196
. . . Carp
ML0O61  apolipoprotein Al CAC34942 " %, _ 149 59 187
Cyprinus carpio
MLU92  apolipoprotein ALV pog7py  uman 245 26 118
Huitro sapiens
Tiger shark g1 (1139 apolipoprotein B jrgs2 D8 161 26 66
Scyliorhinirs Sus scrofa
torazame o . ) s o Zebra fish
Liver SL0231  apolipoprotein E NPP_B71173 Danio rerio 90 31 60
. . o o Zebra fis
Brain SB18E  apolipoprotein E NP 571173 £8P0 Hh 194 25 76
Damio revio
Hag fish R
Lpr‘afr(ftus HIL116 apolipoprotein Al A26607 S;ea lamprey _ 55 25 3
brrgers precursor Petrontyzon marinne
Liver

23 —




1-3. Apolipoprotein F#A 2} Ada 2 G7qg 2H

EST @71 d A3 library d2-8 F3] apolipoprotein 7
Aot FAMAS 2he F 14709 dones #1359 (Table 3). o] &
clones29] 171448 &4 % #AMY &l 29 vekA] 7F (DNA
libraryoll A 283 10719] clones % ML092Z A 25 v}z 9
Aol clones& 717} G71AFol A 97-100%2] 4542 BolmA
W Zo], Anguilla japonica®] 28kDa-2 apolipoprotein¥} F-X]7) 40,
Oncorhyn- chus mykiss®] apolipoprotein Al-1 3 apolipoprotein
Al-2, 12]31 o, Cyprinus carpioS’Jr A ek Ao, Salmo salras 2
apolipoprotein Alz} <F 40~60%2l FAM S VeERSich ¥ o]
=3 th& ML092 cloned Alg}, Homo sapiens2] apolipoprotein A
Vel e ds vetdileh 23 5F4dele] 1 cDNA library <]
A B HE 1709 clone2 sA], Sus scrofa] apolipoprotein B2}
A S, ] ubeA] 1702} 3 DNA libraryolf A 2] 1702} clone
2 Zebrafish, Danio rerio2] apolipoprotein E<} 4545 YERN S
ch. 1 dbel] wlofoll Al #lE 1702l clone2 Sea lamprey,
Petromyzon marinus2] apolipoprotein Alz} W& F=Fo A AF A

2 eI (Fig. 1).

1-4. Apolipoprotein FA72}¢] L22 EA R4
Apolipoprotein §# A} full clone? &R E 93] F4 AA 7]
7}be- ol v A 2L A% AS Hol= MLO03 cloneo]| tha)

forward®} reverse primers ©]&8}a] cloning® inserte] # |




ANe AYsech Belg wFekA apolipoprotein f3AHE
1090 bpe] 7Zo] & 762 bps} 254702 amino acidE codinga}i
glelom, 32 bpe] 5 UTR 43 TAA stop codon®. = RE 274
bp Hell poly (A) signal sequence’} ¢1o]o] 27)7} el e n o]
ZHE 8 bp At poly (A) Mgl &Ee= T AAF FARAAA
293 bpeo] 3" UTR <loo] Hels|eld) (Fig. 2).

ol A/MAZTE F5H B ofulwd AAR olFolz
apolipoprotein2 Ex}go] ¢F 293 KDa, pH 6.12 o|lon|, Hif
hydrophobicity= -0.500787= 53] N-terminal #¢olA &2 4
G4 BEA4e "Hygon (Fig 3), SignalPES o] &3k Mg 1 signal
peptide 2] RSARCA 1 cleavage sites <] of 20 A
N-MRFIALAVIVLLAGCQA®] 177} o] 4412l signal peptides}
1718 & opv]= ik Atolo] Awd H-g] Go] & A} (Fig. 4).
el PSORTE} TargetP S 213 o] &3k apolipoprotein
chuled o] A3 YA o] o &-& sorting signaldll 2]38) secretion
+ extracellulare] e = v}ebydud,




A.

MLOO3 225 LGQSVDNLHGYFQHAFQGI APFAGQFAEVLAPK | EQFKKDMEDMRKQLEPKREELRAVIE 404

Carp ApoAl 1 LGOSVDNLHGYFQNGFQA| TP IGDQVLEATKDTREKLVKDVEELRKK | EPMRAELRQVLE 60
LGASVDNLHGYFQ+ FQ | »  Q E E+ KD+E++RK++EP R ELR V+E

ML0O3 405 KHFQEYSTELKP1VDEYLAKHDKEMAELKVKLEPVVESLKGK |PYNWEETKSKLLPILEI 584

Carp ApoAl 61 KHLQEYRDELKPFVEEYLTKHOKFLEEMRIKLEPVVKSLREKFGPNWEETKSKLMPILEA 120
KH QEY ELKP V+EYL KH K + E+++KLEPVV+SL++K  NWEETKSKL+PILE

MLOO3 585 VRNK | TAQVQDLKAQLEPY | ODYKDSVEKGALEFREKVRSGELRKKMDELG 737
Carp ApoAl 121 VREKVAEHLQDLKKLLEPYMODYREQMEKGAQEFRASVKSGEL RKKMNELG 171
VR K+  +0DLK LEPY+QDY++ +EKGA EFR+ V+SGELRKKM+ELG

MLOO7 31 MRFIALAVTVLL-AGCQARFM)---DAPPSQLEHVKSVLQVYADGLKQSAHKALNHLDDT 198
Eel Apo 1 MKFVALALTVLLVAGSQARFLAQADAPAPPSQLEHVRAAVGMYLQOVKETAQKALEHLDDT 60
M+F+ALA+TVLL AG QARF+Q APPSQLEHV++ + +Y  Q+K++A KAL HLDDT

MLOO7 199 EFKDYKGFLGOSVDNLHGYFQHAFQG | APF-—--AGQFAEVLAPK | EQFKKDMEDMRKQL 366

Eel Apo 61 EYKDYKLRLSGSLDNIQGY | GSASAALSPYTDAVSSQFMEL TKDMRDK | GADVDQLKKDL. 120
E+KDYK L QS+DN+ GY O A ++P+ + QF E+ ++ + D+ ++K L

MLOO7 367 EPKREELRAV |EKHFQEYSTELKP1VDEYLAKHDKEMAEL KVKLEPVYVESLKGK | PVNWE 546

Eel Apo 121 QPKRCELKEVYOKHLDEYRAKLEPLVKEY TEKHKQEMEELKTKLAPYVEDLRARIQVNVE 180
+PKR+EL+ V++KH EY +L+P+V EY KH +EM ELK KL+PVVE L+ +1 VN E

MLOO7Y 547 ETKSKLLP |LE | VRNK | TAQVODLKAQLEPY 1 QDYKDSVEKA 672
Eel Apo 181 ETKSKLVP I VEAIRAKLTERLEELRTLAEPYVQEYKDHLSEA 222
ETKSKL+P+E +R K+T ++++L+ EPY+Q+YKD + +A

C.
MLO49 33 MRFIALAVTVLLAGC-QARFMADAPPSQLEHVKSYLQVYADGLKQSAHKALNHLDDTEFK 209
RT ApoAl 1 MOFLALALT |LLAAATGAVPMQADAPSGLEHVKYAMMEYMAQVKETAQRS I DHLODTEYK 60

M+F+ALA+T+LLA QA MO PSOLEHVK + Y Q+K++A ++++HLDDTE+K
ML049 210 DYKGFLGOSYDNLHGYFQHAFQG! APFAG-——-QF AEVLAPK | EQFKKDMEDMRKOLEPK 377

RT ApoAl 61 EYKVGLSGSLDNLOQYAQTASESLAPYSEAIGVALTEATAAVRAEVMKDVEELRSQLEPK 120
+YK L QS+DNL Y Q A + +AP++ G E A + KD+E++R QLEPK




ML0A4S 378 REELRAVIEKHFQEYSTELKP | VDEYLAKHDKEMAELKVKLEPYVESLKGK | PYNWEETK 557
RT ApoAl 121 RAELKEVLDKHIDEYRKRLEPL iKDIVEQRRTELEAFRVK | EPYVEEMRAKVSANVEETK 180
R EL+ V++KH EY L+P++ + + +  E+  +VK+EPVVE ++ K+ N EETK

MLO49 558 SKLLPILE|VRNK|TAQVODLKAGLEPY | ODYKDSVEKAPWNSVRSP | RRTEEKDGRTGS 737
RT ApoAl 181 AKLMP!VETVRAKLTERLEELRTLASPYAEEYKEGMYKAVGEVREKVYPLTTDFKGALGP 240
KLAPI4E VR K+T +++4L+  PY #+YK+ + KA + T+ G+ G

ML043 738 GGOAHFELL+ALKVLIS 788
RT ApcAl 241 AAEQAKEKLMALYETIS 257
+ ELAL IS

MLO92 31 VLVVLALAVFTGCQANLFYADEPKPQLEQLTDAFWSYVAKATHTAEETVOGMIRNSQLGQD 210

HuApol-IV 6  VVLTLALVAVAGARAEY-------- SADQVATVMWDYF SOQLSNNAKEAVEHLOKSELTQQ 57
V++ LAL G +tA + +Q+ WY ++ ++ A+E V+ ++ S+ @

MLO92Z 211 VNARL TOSADMASEYAVTLKKHYDPLTEELMTK | TKEAEVLRERL GQDLL.SYR------- 369

HuApol-1V 58 ENALFOQDKLGEVNTYAGDLGKKLVPFATELHERLAKDSEKLKEE | GKELEELRARLLPHA 117
+NA + YA L+K + P EL ++ K++E L+E +G++L 4R

ML092 370 —=---rmmmmm e DKLEPYADN!KSG | QORVEDLRTAMAPFADSLD——---- SETLKA 486

HuApol-IV 118 NEVSQOK|GDNLRELQQREEPYADGLRTQVNTQAEQLRRAGL TPYAQRMERVLRENADSLOA 177

+LEPYAD +++0+ + E LR + P+A ++ +++L+A

MLO92Z 487 TLLOKSEELRGSVEESVKELKAQLEPYTAD |KEKVDOHILQEFQKTVNPMAEEL QPRC+ES 665
HuApol-1V 178 SLRPHADELKAK | DANVEELKGRL TPYADEFKVK | DQTVEELRRSLAPYAQDTQEKLNHQ 237
+L ++EL+  ++++V+ELK +L PY + K K+DQ ++E ++++ P A++ Q +

MLO92 667 KDGST 681
HuApol-IV 238 LEGLT 242
+G T

E.

SB188 6  LGTOLGPYSD----RFNSDLEEASERLKHDHTAMRSMVMTYHDEL NLMVNQNVDDVHRTL 173
ZebraApoE 83 LQTAMTPYASDAAGOLSKDLGLLAGKLQTDMTDAKERSTQYLGELKTMMEQNADDVKNRY 142
L TQ+ PY+ ++ DL+ + 4+ DT + Y EL M+ QN DDV +




SB188 174 AKX X XXNRDGAT | RNKFQEYSELLRSKKERTLSDFOQAMVARPYTSSYSDKVQQOHSQ 353
ZebraApoE 143 GTYTRKLKKRLNKDTEE !RNTVATYMSEMQSRASONADAVKDRFQPYMSQAGDGATOKLG 202
N+D IRN Y o 445+ o+ + PYS D Q@

SB188 354 NIQGSLAQQAEEVKS----KAAALQGH | SENADDLRHSLRQKMEE | SAWFESEAGQI SER 521
ZebraApok 203 A|SELMKAQAQEVSEQLEVQAGALKEKLEETAENLRTSLEGRVDELTSLLAPYSQKIREQ 262
I + + QA+EV +A AL+ + E A++LR SL  +++E+++ +0+| E+

SB188 522 FTGLLNYLSDSAHA 563
ZebraApoE 263 LQEVMDKIKEATAA 276

+++ + ++ A

F.

SL139 20 TASQYQKVKEATNKLFKRAADKVANVDFEQKVTTLLDA | SNLTOEYQSKLKDL IEAAIKF 199
ZebraApoB 2191 TTKSYQOWKDRAQSLYQKLLAQEDQGDFQGLRNKVFDSY I GVTQEYNVTVKRAVDSL IKS 2250
T YO+ K+ L+++ + DF+ + D++ +TQEY  +K  +++ |K

SL139 200  LKYTKFQLPGLADQYTGOELYTMS INHGTOLFVKFDN I VKDHLENAVEY |RELEFNMVPG 379
ZebraApoB 2251 LKFTRFQLPGRARNYTGDELCNMYMTEVGEVLSQ YSK IHSGLE ILLSYFQDLMEKSKLN 2310
LK+T+FQLPG A YTG EL M + Ho+ ++ LE + Y L

SL139 380 NNSTIK---—----- ASETLSOLGGSLKQVLTKV IDVLTKM 475

ZebraApoB 2311 KARKIKFTFDSVKYQLTDYVSEYGEQLKSLSQDVOKALSDL 2351
1K ++45+ G OLK + v Lo+

G.

HLt16 559 NAVTR|EMILGE | RSSRMGEL TKELAGE TMKVMKPHLAALREH | SQGIQEYTATE 395
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Apol N + ++  +++5 +GE K L 4T+ Y+ P+L  +RE++++ QY ++

Figure 1. Blast search results of putatively identified clone.




GGCACGAGACCAGCTACATCAACAGATCCAGGATGAGGTTTATAGCTCTTGCAGTCACAG
M RF I AL AV TV 10

61 TTCTGCTGGCAGGT TGCCAGGCACGTTTCATGCAGGATGCACCTCCATCGCAGCTGGAAC
L L AGCQARFMOQDAPPSOQOLEH 3

121 ATGTGAAGTCTGTTCTGCAGGTGTATGCAGATCAACTGAAACAATCTGCACACAAAGCCC
vV K SV LQVY AD GLKQSAHEKAL S

181 TCAATCACCTCGATGACACAGAGT TCAAAGACTACAAAGGGTTCCTGGGCCAGTCCGTGG
NHLDDTEFIKDYKSGFULGAQQSV D70

241 ACAACCTCCATGGCTACTTTCAGCATGCCTTCCAAGGCATTGCCCCATTTGCCGGCCAGT
NLHGYFOQHAFOQGI APFAGRQF 9

301 TCGCTGAAGTCTTGGCTCCAAAGATCGAGCAGT TCAAGAAGGATATGGAGGACATGCGCA
AEVYVLAPK I EQFHKKDMETDMERKIII

361 AGCAGCTCGAACCCAAGCGAGAGGAGCTGAGGGCTGTGATAGAGAAGCACTTTCAGGAGT
QL EPKREELRAV I EKHFQE YI3

421 ACAGCACTGAGCTCAAGCCCATCGTCGATGAGTACTTGGCCAAACACGACAAGGAAATGG
S TELK®P I VDEYTLAZKHUHTDIEKEMAIS

481 CGGAGCTGAAGGTCAAGCTGGAGCCTGTGGTAGAGAGCTTGAAGCAGAAAATTCCTGTTA
ELKVKLEPV VESL®KZGEKII1I P V NI

541 ACTGGGAGGAGACCAAGTCCAAGCTGCTGCCCATCTTGGAGATTGTGCGTAACAAGATTA
W EETKSKLLPITLEI VRNEKI TI9

601 CTGCTCAGGTCCAGGATCTGAAGGCCCAGCTAGAGCCCTACATCCAGGACTATAAAGATT
AAQ Y @ DLKAQLEPY + DY KDS210

661 CAGTGGAGAAAGGCGCCCTGGAATTCCGTGAGAAAGTCCGATCCGGAGAACTGAGGAAAA
v E X GALEF®REIKVRSGETLR K K230

721 AGATGGACGAACTGGGAGCGGAGGTCAAGCCCCACTTTGAGGCTATTTTTGCAGCTCTCC
M DELGAEVYKPHFEAIF AAL Q258

781 AAAAGTCCTTTGAGTAAAGCAATCGCTTTTTAACATTCCCACTTCTTTCTTCCTTTCCAC
K S F B = 254

841 TTATACCCAATACGAAAACCTCAGCCTTTCTCAGAGAATACACCAGTCTGTCTTTCTTCT

901 AGAGTACACTTCATATGCACTTTTCACCAAACCACTAAACTTATGGACTTTAATCTTATG

961 ATCAAACAGAGATATAAACATGAGAACACAATTCGGTTTAACGTTCACAGAAATTCTTAG

1021 CAAAATCCTTTGTTAAATGCTTTTTTTGGTAAAAATTGATTTGCAATGTTAAATAAARATA

1081 AAAACTGACCAAAAAAAAAAAAAAAAAAAA

Figure 2. Complete nucleotide sequence of the mud loach
apolipoprotein ¢cDNA. The deduced amino acid sequences
are shown with a single letter code below the
corresponding codons. Numbering of the nucleotide and
amino acid sequences are given at the left and right. The
translational start codon (ATG), termination codon (TAA),
and polyadenylational signal sequence are shown in
boldface letters.
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Figure 3. Hydropathicity profile of apolipoprotein  genes.
Hydropathy scores were calculated by amino acid scale
value of Kyte and Doolittle (1984) using a setting 9

residues.
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Figure 4. Prediction of signal peptide cleavage sites in apolipoprotein
amino acid sequences. Both of Signal-NN prediction (A)
and Signal-HMM (B) are predicts the presence  and
location of signal peptide cleavage sites. C-score, raw
cleavage site score; S-score, signal peptide score; Y-score,

combined cleavage site score.
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MRF | ALAVTVLLAG-COARFMADAPPS - - -QLEHVKSVLOVYADQLKQSAHKALNHLDDT
MKFLALALT I LLAAGTQAFPMOADAPS---QLEHVKAALSMY | AQVKLTAQRS I DLLDDT
MKFLVLALT | LLAAGTQAFPMOADAPS---0QLEHVKAALNMY | AQVKLTAGRS IDLLDDT
MKFVALALTLLLALGSQANLFQADAPT---QLEHYKAAALVYLNQVKDQAEKALDNLDGT
MKFVALALTVLLVAGSQARFLOADAPAPPSOLEHVRAAVGMYLQGQVKETAGKALEHLDDT
MKFAALALALELAVGSHAASMOADAPS---QLDHARAVLDVYLTQVKDMSLRAVNQGLDDP
MKAAVLTLAVLFLTGSQARHFWQQDEPPQSPWDRVKDLATVYVDVLKDSGRDYVSQFEGS
MKAVVLAVALVFLTGSQAWHVWQQDE P-QSQWDK VKDF ANV YVDAVKDSGRDYVSQFESS

EF -KDYKGFLGQSVYDNLHGYFQHAFQG | AP---~FAGOF AEVLAPK | EQFKKDMEDMRKQ
********* LGOSVONLHGYFANGFQA | TP--—- | GDQVLEATKDTREKL VKDVEELRKK
EY-KEYKMOLTASLDNLOQYADATSQSLAPYSEAFGTQLTDATAAVRAEVMKDVEELRSQ
EY-KEYKMAQLSQSLDNLAQFADSTSKSWPPTPRSS-APSCDATATYRAEVMKDVEDVYRTQ
DY-EQYKLALSESLTKLQEYAQTTSQALTPYAET | STALMENTKQLRERVMTDVEDLRSK
EY-KDYKLRLSQSLDN | QGY | QSASAALSPYTDAVSSOFMEL TKOMRDK | QADVDOLKKD
QY-AEFKTNLAQR [ EEMYTQ | KTLAGSVSPMTDSFYNTVMEVTKDTRESLNVDLEALKSS
ALGKQOLNLKLLDNWDSVTSTFSKLREQLGPVTQEFWDNLEKETEGLROEMSKDLEEVKAK
SLGQOLNLNLLENNDTLGSTVSQLGERLGPL TRDFWDNLEKETOWVROEMNKDLEE VKQK

|LEPKREELRAV | EKHFQEYSTELKP | VDEYLAKHDKEMAELKVKLEPVVESLKQK | PYNW

| EPMRAELRQVLEKHLQEYRDELKPFVEEYL TKHQKF LEEMR | KLEPVVKSLREKFGPNW
LEPKRAELKEVLDKH | DEYRKKLEPL [KEH | ELRRTEMEAFRAKMEP | VEELRAKVA TNV

LEPKRAELTEVLNKH | DEYRKKLEPL IKQH IELRRTEMDAFRAK | DPVVEEMRAKVAVNY
LEPHRAELYTALQKH | DEYREKLEPVFOEYSALNRQNAEQLRAKLEPLMDD | RKAFESN |
LQPKRDELKEVVQKHLDEYRAKLEPLVKEYTEKHKQEMEELKTKLGPVVEDLRAR [ QVNV
LAPONEQLKQV [ EKHLNDYRTLLTP| YNDYKTKHDEEMAALKTRLEPVMEELRTK | QANV
VQPYLDDFOKKWQEEMELYRQGKVEPLRAELQEGARQKLHELQEKL SPLGEEMRDRARAHY
VOPYLDEFQKKWKEDVELYRQKVGPL -AELQESARGKLQELQGRLSPVAEEFRDRMRTHY
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EETKSKLLP ILE [ VRNK I TAQVGDLKAQLEPY | GDYKDSVYEKGALEFREKVR--SGELRK
EETKSKLMP { LEAVREKVAEHLGDL KKLLEPYMQDYREQMEKGAQEFROSVK - - SGELRK
EETKTKLMP | VE | VRAKLTERLEEL RTLAAPYAEEYKEQM I KAVGEVREKVSPLSEDFKG
EETKTKLMP | VE | VRAKLTERLEELRTLAAPY AEEYKEQMFKAVGEVREKVAPLSEDFKA
EETKSKVVPMVEAVRTKLTERLEDLRTMAAPYAEE YKEQLVKAVEEAREK | APHTQDLQT
EETKSKLVP IVEA|RAKLTERLEEL RTLAEPYVQEYKDHL SEAL TDVKDKYQ--GEDLQS
EETKAVLMPMVETVRTKVTERLE SLRE VVOPYYQE YKEGMKQMYDQAQTYDT - - -DALRT
DALRTHLAPYSDELRQRI AARLEALKENGGARIL AEYHAKATEHL STLSEKAKPALEDLRQ
DSLRTQLAPHSEQMRESL AQRLAELKSN-~PTLNEYHTRAK THLK TLGEKARPALEDLRH

KMDELGAEVKPHFEA | FAALOKSFE -~
KMNELGRRR--—-- ===
QVGPAAEQAKQKLLAFYET | SQAMKA-
RWAPPPRRPSKSSWLSTRPSARP———-
RMEPYMENVRTTFAQMYET FAKA | QA-
KLKPYAEELKTKLVALWESL SQPKAS-
KITPLVEE IKVKMNATFE | | AASVTKS
GLLPVLESFKVSFLSALEEYTKKLNTG
SLMPMLETLKTKAQSY | DKASETLTAQ

Figure 5. Alignment of amino acid sequences of the apolipoproteins.




Table 4. Sequence homology of the mud loach apolipoprotein at the
amino acid levels

Mud  Common  Zebra Eel Rainbow  Atlantic Sea Human Mouse
Species loach carp fish trout safmon bream
254 aa 174 aa 262 aa 263 aa 262 aa 258 aa 260 aa 267 aa 263 aa

Mud loach 100 60 34 43 39 37 35 16 17
Common carp - 39 41 41 37 37 23 20
Zcbra fish - 47 55 49 37 23 20
Fel - 53 47 42 25 22
Rainbow

- 78 39 23 23
trouf
Allantic

- 35 22 21

salmon
Sea hream - 19 20
Human - 02
Mouse -

36 —




Mud loach
Carp
Zebra fish
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]

—— Human
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Figure 6. Phylogenetic tree of apolipoprotein based on amino acid

sequences. Distances between amino acid sequences were
estimated using PRODIST. The distance matrix was
analyzed using the Neighbor-Joining method of
NEIGHBOR. Lines are proportional to the estimated
branch lengths.




Figure 7. Tertiary structure of apolipoprotein reconstructed by auto-

mated  protein - structure  homology-modeling  server,
SWISS-MODEL. a. mud loach; b. rebra fish; c. rainbow
trout; d. mouse

ﬁgg*




Table 5. Comparison of plasmid form on gene expression following

intramuscular injection in mud loach

Plasmid form  Gene B0 L e/ oot
Circular FV4CAT 5 | 18.25+1.48°
RSVCAT 5 13.14+1.26°
Linear FV4CAT 5 18.39+1.54°
RSVCAT 5 13.84+1.39°

The expression was assayed by ELISA.
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Figure 8. The pFV4AmApo construct used for microinjection.
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Table 6. Factors affecting the viability of mud loach embryos

subjected to various conditions of microinjection

Hatching Early survival up

% viable embryo to yolk sac
Factors success .
at morula stage o absorption
(%) o
. ) o (%)
Non-injected
control 78 86 76
DNA
concentration
(pg/ mi)
10 62 42 84
20 57 26 86
40 42 20 80
Diamieter of
capillary (zm)
5 65 45 79
10 51 39 81
DNA form
linear 64 45 88
circular 67 39 89

Average value of at least 3 observations.
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Table 7. Incidence of transgene in the hatched larvae developed from
the eggs microinjected either with pmlectGH (for mud loach),
peap-actfGH (for flounder), pcaP-actGH (for carp) or pHxp
-actGH (for greenling)

Incidence of transgene (%)

Species - Average (%)

Trial | Trial 1T Trial 111

Mud loach 22 41 37 33.3+10.01

Each transgene was detected with Southern blot analysis using
randomly chosen 27 fish, Data indicate the presence of transgene in

the fish as both integrated and extrachromosomal forms.
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Figure 9. Representative Southern blot of transgenic Fo fish developed
from the embryos injected with pFV4mApocDNA. DNA
was digested with Drall, separated onto 0.8% agarose gel,
and probed with DIG-labeled mud loach apolipoprotein
cDNA. CON, non-injected control fish. Figures in left panel
are molecular weight sizes determined by lambda/HindIII
DNA marker.




Table 8. Serum level of total CHO (arbitrary reading value at 490
nm} in transgenic and non-transgenic mud loach. Each
reading value is average of triplicate examinations

~ Incubation time

Exp. group 5 min 10 min
Control-1 234 221
Control-2 233 218
Control-3 197 210
Control-4 195 197
Control-5 175 182
Control-6 120 138
Mean +SD O 192:43 194231
Transgenic-1 120 128
Transgenic-2" 262 277
Transgenic-S* 268 271
Transgenic-4 224 220
Transgenic-5 272 296
Transgenic-6 199 208
Transgenic-7’ 259 266
Transgenic-8 183 174
Transgenic-9 223 221
Transgenic-1 0 345 368
Transgenic-11 349 370
Transgenic-1 2 299 326
Transgenic—l?; 392 445

" Labels might be individuals showing significantly higher level of

total CHO by over-expression of transgene.




Table 9. Serum level of HDL-CHO (arbitrary reading value at 655

nm) in

transgenic and non-transgenic

mud loach. Each

reading value is average of triplicate examinations

Exp. group

~Incubation_time

5 min 10 min
Control-1 108 119
Control-2 102 124
Control-3 121 137
Control-4 115 125
Control-5 93 98
Control-6 118 126
MeantSD 110+11 12113
Transgenic-1 97 94
Transgenic-2 209 213
Transgenic-3 1 166
Transgenic-4° 174 180
Transgenic-5 131 175
Transgenic-6 184 195
Transgenic—f 191 188
Transgenic-8 174 181
Transgenic-9 209 234
Transgenic-10 162 189
Transgenic-11 210 239
Transgenic-12’ 207 240
Transgenic-13’ 218 261

" Labels might be individuals showing significantly higher level of

HDL-CHO by over-expression of transgene.




Table 10. Brief summary of transgenic lines containing pFV4m
APOcDNA
Relative fold (%) to
control at 10 min
Line . . Summary
incubation

T-CHO HDL-CHO

Transgenic-1
Transgenic-2
Transgenic-3
Transgenic-4
Transgenic-5
Transgenic-6
Transgenic-7
Transgenic-8
Transgenic-9
Transgenic-10
Transgenic-11
Transgenic-12

Transgenic-13

66 77
143 176
140 137
118 148
153 144
107 161
137 155
90 149
114 193
190 156
- total CHO 1>
191 197
168 198
229 215

- Contain the transgene, but not express

the transgenic mAPOI ¢cDNA

- Moderate increases in both
- total CHO? ¢ HDL-CHO ?

- Moderate increases in both
- total CHO 1 = HDL-CHO T

- Moderate increase only in HDL-CHO

- Moderate increases in both
- total CHO 1= HDL-CHO

- Moderate increase only in HDL-CHO

- Moderate increases in both

- total CHO 7= HDL-CHO

- Moderate increase only in HDL-CHO

- Significant increase in only HDL-CHO

- Significant increase in total CHO
- Moderate increase in HDL-CHO

HDL-CHO 1

- Significant increases in both
- total CHO 1 = HDL-CHO *t

- Moderate increase in total CHO
- Significant increase in HDL-CHO
- total CHO1 ¢ HDL-CHO 1

- Significant increases in both
- tofal CHO 1 = HDL-CHO 1
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Table 11. Hatching rate and early survival of two different F

transgenic lines

Male No. Hatching rate Early survival
Female No. . .
(TG) (%) (%)
1 TG 6 83.5 85.9
TG 9 81.4 88.8
2 TG 6 75.6 87.5
TG 9 77.4 86.4




Table 12 Germ line transmittion and cxpression of apolipoprotein activity
determined by blood concentration of T-CHO and HDL-CHO

TG fish  Incidence of TG Range of T-CHO Range of HDL-CHO

number fish (%) (mg/ 0) (arbitrary unit)
6 TG 14/20 (70) 354 ~532 279~508
NTG 6/20 (30) 292324 203 ~246
9 TG 17720 (85) 407 ~518 340~ 682

NTG 3/20 (15) 240 ~ 361 195 ~279
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Figure 10. Plasma T-CHO level of control mud loach fed with the
diet contained hog fat for 4 days.
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Figure 11. Plasma T-CHO and HDL-CHO levels of control mud
loach fed the control diet for 6 days.
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Figure 12. Plasma T-CHO and HDL-CHO levels of mud loach fed
1% cholesterol diet for 6 days.
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. Plasma T-CHO and HDL-CHO levels of mud loach fed

2% cholesterol diet for 6 days.
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Figure 14. Plasma T-CHO and HDL-CHO levels of mud loach fed
4% cholesterol diet for 6 days.
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Figure 15. Plasma T-CHO and HDL-CHO levels of non-transgenic
mud loach fed the 0% cholesterol diet for 6 days.
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. Plasma T-CHO and HDL-CHO levels of non-transgenic
mud loach fed the 4% cholesterol diet for 6 days.
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Figure 17. Plasma T-CHO and HDL-CHO levels of mud loach

transgenic lines (TG6) fed the 4% cholesterol diet for 6
days.
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Figure 18. Plasma T-CHO and HDL-CHO levels of mud loach
transgenic lines (TGY) fed the 4% cholesterol diet for 6
days.
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Figure 19. Plasma T-CHO levels in transgenic line (TG 9) and
non-transgenic mud loach fed the 1% fenofibrate diet

for 10 days.
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Figure 20. Plasma HDL-CHO levels in transgenic line (TG 9) and

non-transgenic mud loach fed the 1% fenofibrate diet

for 10 days.
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Al A =2] genomic f#4=} &=
2 FdEo} (Birchbauer et al, 1993; Wang et al., 1998).
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ElA ] el FAAR )EE o) &EHY viaex
Apo Al WE WEE A 267 98l v)4telA ]/q o|v] t}eFst ok
HAel wted Fw SElo] Hew Fvd wE e §9 xRE AW
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