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WE WALNMENERZ A-12 Fl -3 JENTRRIEENE, ANHEH 5 b & 2 AERBEIIR. i,

PR N RIE w-3 RIS

3 3 4 e DRl P AR A I L

REAF CHE R n-6 2 AU IR DT IR Fe At B n-3 2 ANVBRIIR IR, 38 R N ACHE R n-6 2 A

MU I % & B B A%, AW 0 e A FRETY) 24 KA 5 A-12 B o-3 JI 107 1% I S B (FAT-2 F1 FAT-1)BL &2 A i 48 40 &

(human catalase, hCAT)7E /) FIVL A [R] B 35

GPRAW], Fe RN VLA KB n-3 22 AR G 1R 7

B 2.6 %, K

BE n-6 Z ARG TR & VA A8k, 1 n-6/n-3 LU PR (P < 0.01).  [R] B &% 11 5% ERZeAG 0 21 A ik A AL AU hCAT
NIRRT RIE, il S A SRR PE L A RN BB S5 R R (P < 0.01).
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KAt n-3 22 ARG 7 2 2 4 4 NS B A e
EEZEY I, A TR O s« S B PRI
HUE G 5 R D et WL 3h A DA ok i = A1
N P I J T M 2 1T AN BB A% 4 45 1 n-3 22 AN AT
JEWITR, iR ER, femfi 3L ah Pk Rk
w-3 AU T LA 2 n-6 22 ANHLURT R I R 5 14
3 ZAMEHNRIIR, (R AP B )4 4
PR n-6 SRR TG 7 1R 75 ot S 3 (KT 1 K P e,
N T ANEARN n-6 Z AR IR & &, fEA
AFEFEH FRATTAE /N BV PRI RR S P 1R 2 38 75 T 2k i 1)
A-12 Fl -3 WA BEIE R FAT-2 R FAT-1, ¥ 3L
2 ARG IR (1) 5 BOR AR R e 4x. R %
2 1) 22 AN IR D R 1 5 = T e 25 R B A KT
e, SahiErRIE ZMENE T, b TRARE
ANVERI A W R i e SR ) A7 T 52, A BEE L SR 0A
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FAT2'1 pBC-sightCAT! AL S5 % F AR AT
1.1.2 5 2k YE. Phusion i fR 5L DNA R4 HAI
T4 LR H NEB A A ; KEFEJ PN VI Hind 1 -
Nhe 1 F1 Sal 1 1 H Takara A w5 JFUk 2l A6 85 £
) A Qiagen A H]; DNA Exlﬁlllﬁlﬁ*' &4 H Omega

o] HEERRIC IR W H Roche A #]; %4k
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1.2 HixigE

UL pBudCE4.1FATI1/FAT2 g B #7, fatlF Al
fat1-F2A-R A 5|4 48 FAT-1 F Bt fat2-F2A-F Fl
fat2-T2A-R 51 ¥ ¥ 8% FAT-2 [+ Bt. LL pBC-
sightCAT A Bk, cat-T2A-F I cat-R K 5| ¥4 1
NI A AR heAT A B, FIH fatl-F fil cat-R 5]
Yoy 51N Nhe TR Sal T BV SR AN R4 15
. 514 fatl-F2A-R. fat2-F2A-F. fat2-T2A-R

cat-T2A-F A5 F2A 1 T2A 8 REE41, 741 W
K L3N BIREMS, RIVKEE, 4% A
JREE 101 1IR4A, Ll fatlF Al cat-R 5|4, i
HHEA PCR HAR, flé 3N EBASE FFC B,
28 Nhe 1 F Sal 1 XUGY) J5 #3344k pBR322-PSA
I, 14 3] pBR322-PSA-FFC #1&, 514 ¥ %1 W
*1.

Table 1 Primers used in this study

Name Sequence

fatlF aaGCTAGCATGGTCGCTCATTCCAGCGAAGG
fatl-F2A-R TCCA CGTCTCCCGC CAACTTGAGAAGGTCAAAATTCAAAGTCTG TTTCAC CTTGGCCTTTGCCTTCTCCTC
fat2-F2A-F CTTTGAATTTTGACCTTCTCAAGTTGGCGGGAGACGTGGA GTCCAACCCAGGGCCCATGACAATCGCTACAAAA
fat2-T2A-R CCGGGATTCTCCTCCACGTCACCGCATGTTAGAAGACTTCCTCTGCCCTC TTATTGAGCCTTCTTAGC
cat-T2A-F GAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTATGGCT GACAGCCGGGAT

cat-R aatGTCGAC TCACAGATTTGCCTTCTCCCTT

FFC-F AACTCTGAACGGGTCCAATG

FFC-R ATGTTGTCGAGTCCGAATCC
GAPDH-F AACTTTGGCATTGTGGAAGG
GAPDH-R CCCTGTTGCTGTAGCCGTAT

1.3 HER/NREHE

WML (1) pBR322-PSA-FFC #044, FIBRHIE
WU Not 1 £ePEAL T, AT 56 21/ B2 RS O i
Jik%, AR tr b TR B AR B BRA
SERG VES G MG E R B A BE R, AR 4R 21
UNERRA
1.4 DNA EDifF

BTN R D R AL s, By hlide
FLINA] DNA; AR, X 10 wg FE K41 DNA H
PR SRIE N VIR Hind 3546 12 h, {5 YK B,
% % Hybond-N+J& Ju i I (Amersham 2 7]); LA
FFC-F fil FFC-R A5 (74 W% 1), LA pBR322-
PSA-FFC Jii ki B K, PCR 47 48 & i b v o A
PR ER (b 2 An it 77 &5, Roche A7), 4848
1.5 RT-PCR ¥l FFC F%i&

H Trizol i 5fll(Invitrogen 2% ] yH B 5E K /)N il
VSN SN LN /A = SN Y 771N I =71 AN 91 R4
21 S RNA, Nanodrop(Thermo 72w )l 52 ¥ &,
Y 500 ng & RNA H % % 5% M-MLV (Promega 2
T)) A i cDNA; LA FFC-F f1 FEC-R } 514, PCR

PRI FFC ¥ RNA RIAK, RNFEF: 95C
5 min, 30 MEHMO5C 30s,60C 30s,72°C 1 min),
72°C 10 min; LA GAPDH KNSR, ¥ 45404
GAPDH-F il GAPDH-R(J¥ %1 L% 1).
1.6 FEARENEFDE & SEEE AN

IV 30 mg /N R B IS AW B 5, 1P 24
WA, SO B S E s BCA VAN & & )i
WP, W30 pg & EE A SDS-PAGE 43 B, ##
% PVDF i b, JB 494 1, —$i24 2 (human
catalase —#$T 1 : 1 000 #k, actin —Hi 1 : 2 000
FRe), VML, —HIZLRS(1 D 5000 FAke), BemE,
Y (Thermo A H)), Wi¥. B AL HMA
RIS PRSI Jir BRI 9 L 28 2 R w i A A TS
A WA A 5 1S
1.7 BREAER SR

0 50 mg i #E AW EWTEE 5, A 1 ml &
2.5% H,SO, LW, 80CHFE 1 h, fFA#lE
3, M 0.2 ml IECER 1 ml K, EHIERS,
IR B, R IE O a5 AT S AR
IrHf.
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2.1 HiREFIGEE R )R AN
I RlA PCR HANG A-12 1 -3 JIG IR I &
f§ FAT-1, FAT-2 VLR N (13 8 A W) 1 (catalase
CAT) K= DR 4 it X Fgh &5 72 R A9 B FFC v B, 3L
FAT-1 Fl FAT-2 AN ELHEZ %05 1, /A B F2A
(IR BIY) Ik B, FAT-2 F1 CAT AN ALFG UL %
I F(ATG), ™iaH T2A ARBIVI ISR, Hhbd
/) PCR /= #) FFC Jr Bt X Mg VI 5, & # 3
pBR322-PSA #Hifk 1. FFC m& H B NLILEN 4
RS FIRNRIE(E 1), HEALE S, SE
S BN SRS RG ORI S i b, AR B R AR AR AR
31 HUNEL, Southern 2242k MKW, Tegd 5 HENER
Tgl. Tgl6. Tg23 ‘SfEth AR A1 5.1 kb 1
P55, W AR BH AR, SRR B PR
H12.9%. HEHENEAEAUS, A Ted 5 I
ARSI 2] 9 JUBHMEANMA, 3 JUMEME /N R B 3RS
FHE S ARE 2).
F2A  FAT-2

(@) FAT-1

T2A human catalase

—P_F P-R ~—

| |
wﬁ‘%\ T-2 T2A human catalgse
HindIl Nhe T Sal mﬂ
Pig skeletal a-actin promotor FFC Pig skeletal a-actin polyA

(b) FAT-1 FAT-2 CAT FFC

+~4 kb
«1.2kb

Fig. 1 Sketch of muscle-specific FFC-expressing
vector construction (a) and FFC fragment
was assembled by overlapping PCR (b)
FFC represents a fragment of 2A linked FA T-1, FA T-2 and human
catalase coding sequence; F2A and T2A represent “self cleaving” 2A
peptide region of foot-and-mouth disease virus and thosea asigna virus;

F2A and T2A were introduced along with primers.

Tgl Tgd Tgl6 Tg23 WT P

Fig. 2 Identification of transgenic mice by
southern blot analysis of genomic DNA
Tgl, Tg4, Tgl6 and Tg23: Four transgenic mice founders; WT: Wild

type mice; P: Vector control.

2.2 RT-PCR #&MEEERKIE

RT-PCR il 4% SE R /N BRI 0o o BES TS il
o R EPERAIL RN B 2 2 rh AR DA )
LG OL, RIL FFC 7Ei B WL A B R IA
JLRAE O AR BRI 21 /D1 (), T At R 21 21
A RERTI BIZR AL (B 3).

Fig. 3 Identification of FFC mRNA level in kidney,
liver, spleen, muscle, intestine, brain, lung, fat,
heart tissue by RT-PCR, GAPDH

used as a housekeeping gene

1: Kidney; 2: Liver; 3: Spleen; 4: Muscle; 5: Intestine; 6: Brain; 7: Lung;
8: Fat; 9: Heart.

2.3 BERABR RN 9 9 HR

3 BT 2 5 DR /AN BRI A4 280 /N B 6 UL i 7 1
HRRAN (R 2), FeSEDNAEF RN A5 8 )
ARG AT A R R DN R L n-3
KHEZ AMIRRIDIR & & W e m; Hrh =1
J#i 'R (eicosapentaenoic acid, EPA) % & HE 5 6 fiF,
~+ WK T4 1% (docosapentaenoic acid, DPA) 7 &
T 2.6 £, 1 K S 4 IR (docosahexaenoic
acid, DHA)EE T 3.3 fi5. HLAR C18: 2n6 L4
BT, R n-6 Z ARG TR L /N iS5
By A RO RO AT W 2 s AR DD R L
n-6 Z ANMLFIGIT R 5 n-3 22 AR 1 12 LL 451
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(n-6/n-3 ratio) 55 By A= R0} F b SR BRI T 60.9%
(% 2 *DE] 4)' @ . N FFC
E v «— Human catalase
-
Table 2 Fatty acid composition of total lipids in the -- “— B-Actin
muscle of non-transgenic (WT) and (b) 55
transgenic mice (Tg) sk
% 150+
Fatty Acids Tg skeletal muscle ~ WT skeletal muscle o i
C20 @ 5n3 0.12 +0.03" 0.02 + 0.04 g :;“5) :
C22 ! 5n3 1.12+0.18" 0.43 +0.11 13001
€22 6n3 9.14 £ 0.56' 274051 125}
n-6 2333 +1.29 22.54 +2.53 120 .
n-3 10.89 +0.74° 412037 FrC N
n-6/n-3 2.15+0.26" 55+0.34

"n = 8. All results are given as x + s. *Significant difference (P <

0.01) between control mice and transgenic mice.

Transgenic mice

Wild type mice ©
= o)
2 b= S G g B
k) S o = < =
[ =} <t =} ceoon .. wv
.. .. el 0 .. - ..
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B | |
: |l |
.2
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t#(Column retention time)/min

Fig. 4 Partial gas chromatograph traces
It showed fatty acid profiles of total cellular lipids extracted from the

skeletal muscle of wild type mice and transgenic mice.

24 ASSNEEERIAFIESES R

PRI IE DRUREY A= RN R S B LS B, ik
1T SDS-PAGE, H B i %t #) 1§ (horse radish
peroxidase, HRP)#ric A )i S AL A B B4 24T
A RN, 455 WK Sa, 753K/ RCE
LA R B T Rk, Ay E N 59 ku.
ZIN SR UL R S B e A S A
e L DR /N B B 28 A S e ok 2 v T e 2 A
N AL Sb.

Fig. 5 Western blot analysis of human catalase in
skeletal muscle (a) and catalase activity
in skeletal muscle (b)
(a) N sample from non-transgenic mice, FFC sample from transgenic
mice. (b) Catalase activity in skeletal muscle was determined by a
catalase analysis kit, FFC sample from transgenic mice (n=4), N sample
from non-transgenic mice (n = 4), ***Significant difference (P < 0.01)

between control animals and transgenic animals.

3 it it

K n-3 2 A HURIIR D R o N 2HS o (1) i e
FEWTL, 2 ANUURI R 1) J 5 2 22 Tl R 1 1 it
Al EE. MY RS DR H 5 G
AAIG TR, WP H T = A-12 H -3 i
Wit ARG ANGE B 5 & M AEFIRIR. Eid %
FED B AR FL R A I8 X P A I S, A
FLAWIRE 5 G s AR TR . ABFITR
B S ULIVL S B 2 oA S Bl 55 T e Ui
FAT-1(0-3 JEIViR WA BE), FAT-2(A-12 Ji5 105 8 it
L) F hCA TON AU S0 ) A5 DRI /S B PR i UL
R SRR A, 3 AR — AN AT N AR
ik, WA mRNA 4ifid &R E . |34
JE DR EH PRI £ 1) H 3BT U)/NIK F2A(foot-and-mouth
disease virus)Fll T2A(thosea asigna virus )i%#z, 76
PRI R, 2A 1K C i (1) H 208 (Gly) A 24 12
(Pro) NAETE KB, TR E Rk 3 AN dr i mere ). [A]
Ub, FAT-1 8HEM) C b il K 21 DML IR K
Bt (VKQTLNFDLLKLAGDVESNPG). FAT-2 & [
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)N I o 22— AN Rk, Coms B~ —4
17 N2 B 1% 5% JE (1 Ik Bt (EGRSLLTCGDVEENPG),
HEA N E AR 1 N oG 2 H— AN 2R
BRAEU, FETIMRAR RS T, 8 A
I3 W DR B A RN R R ILALZAN n-6 5 n-3
ZAANET R L], RINEESLNR T n-3 £
AR DR L9 ot 25 T . AR n-6 2 AN AIIG
U5 2 LL A 5 0 B AL AT B AR 4k, (HILH C18
2n6 [ LLBI B W4 . ER AT DUHED, FAT-1 & A
C iy 21 NEIEMRIEIELL & FAT-2 851 C i 17 A
IR R B A e e 1 AR 220

IR R A G MR IE -3 IRNTRRII
A, ¥ n-6 Z AT R ALK n-3 2 AU
JEWTR, 1K FE AR R AR N n-6 IR 17 TR ¥ 75 12 9
G, FRATE R A8 UL A 41 230 57 0k 75 N £k )
FAT-1 F1 FAT-2 &9, B s 178 sl Kbk
n-3 Z AWAHIGI R & &, T FAT-2 SR
A-12 EAEES T, WLAN n-6 2 A R I 105 1R 7%
HIFAR R n-6 2| n-3 TR HEAMRAL, 4ERF
n-6 2 ANV I 107 R AE AR N 1R 1E 86 K7, T HLVLIA
W n-6 5 n-3 RN IR EL A5 (n-6/n-3) 11 1 25 ALK

P& 5 2 AN UUFN G DG 1R 1) i o 3 SR AL T 2
5, AL PRI R 75 2 AR S AR 5. T JULIA)
H IR I NI E A RER L S i, IR
AT, ¥ rTRef Ry 14 H s, o
T

ARSI R PR < BEBIY) 7 2A IKAE R —A
B A T AN I8 3 R i, s R IR A
IR C % 2A IRERFEAS 225 i 1) 85 11 ot (1) AR ) 243
PE. UEBA RN FLB AR A RN RAE T it 3 R
HEBIAATYE, ABRA I L) b A 23R ek
FAR 2 FE DR — bR K

2 % x M

[1] Dyerberg J, Bang H O. Haemostatic function and platelet
polyunsaturated fatty acids in Eskimos(Reprinted from Lancet, vol 2,
pg 433, 1979). Nutrition, 1995, 11(5): 475-475

[2] Delarue J, LeFoll C, Corporeau C, et al. n-3 long chain
polyunsaturated fatty acids: a nutritional tool to prevent insulin
resistance associated to type 2 diabetes and obesity?. Reprod Nutr
Dev, 2004, 44(3): 289-299

[3] Ruggiero C, Lattanzio F, Lauretani F, et /. Omega-3 polyunsaturated

fatty acids and immune-mediated diseases: inflammatory bowel
disease and rheumatoid arthritis. Curr Pharm Design, 2009, 15(36):
4135-4148

[4] Schwarzenfeld C, Haindl P M, Rintelen B, et al. Polyunsaturated
fatty acids and rheumatoid arthritis. Curr Top Nutraceut R, 2009,
7(1): 45-49

[5] Remans P H J, Sont J K, Wagenaar L W, et al. Nutrient
supplementation ~ with  polyunsaturated fatty acids and
micronutrients in rheumatoid arthritis: clinical and biochemical
effects. Eur J Clin Nutr, 2004, 58(6): 839-845

[6] Lai L X, Kang J X, Li R F, et al. Generation of cloned transgenic
pigs rich in omega-3 fatty acids. Nat Biotech, 2006, 24(4): 435-436

[71 Zhu G M, Chen H X, Wu X J, et al. A modified n-3 fatty acid
desaturase gene from Caenorhabditis briggsae produced high
proportion of DHA and DPA in transgenic mice. Trans Res, 2008,
17(4): 717-725

[8] Howe P R. Omega 3-enriched pork. World Rev Nutr Diet, 1998,
83(1): 132-143

[9] Szymeczak A L, Workman C J, Wang Y, et al. Correction of multi-
gene deficiency in wivo using a single 'self-cleaving' 2A
peptide-based retroviral vector (vol 22, pg 589, 2004). Nat Biotech,
2004, 22(12): 1590-1590

[1014L ~F 4L % B 45 BRI AR A A R AT
HUIR DTG, A=M1K. 2 5 A My k2, 2008, 35(11): 1305-1311
Kong P, Du Z, Tang B, et al. Prog Biochem Biophys, 2008, 35(11):
1305-1311

[11] He Z Y, Yu S L, Mei G, et al. Maternally transmitted milk
containing recombinant human catalase provides protection against
oxidation for mouse offspring during lactation. Free Radical Bio
Med, 2008, 45(8): 1135-1142

[12] Palmenberg A C, Parks G D, Hall D J, et al. Proteolytic processing
of the cardioviral P2 region-primary 2a/2b cleavage in clone-derived
precursors. Virology, 1992, 190(2): 754-762

[13] Donnelly M L L, Hughes L E, Luke G, et al. The 'cleavage'
activities of foot-and-mouth disease virus 2A site-directed mutants
and naturally occurring '2A-like' sequences. J Gen Virol, 2001,
82(5): 1027-1041

[14] Ryan M D, King A M Q, Thomas G P. Cleavage of foot-and-
mouth-disease virus polyprotein is mediated by residues located
within a 19 amino-acid-sequence. J Gen Virol, 1991, 72(11): 2727-
2732

[15] Donnelly M L L, Luke G, Mehrotra A, et al. Analysis of the
aphthovirus 2A/2B polyprotein 'cleavage' mechanism indicates not
a proteolytic reaction, but a novel translational effect: a putative
ribosomal 'skip’. J Gen Virol, 2001, 82(5): 1013-1025

[16] Szymczak A L, Workman C J, Wang Y, et al. Correction of
multi-gene deficiency in vivo using a single 'self-cleaving' 2A
peptide-based retroviral vector. Nat Biotech, 2004, 22(6): 760-760



+180° EMFEEEYMIBHE Prog. Biochem. Biophys. 2012; 39 (2)

Muscle-specific Expression of A-12 and w-3 Fatty Acid Desaturases
and Human Catalase Using ''Self-cleaving'' 2A
Peptides in Transgenic Mice"

FANG Rui”, PENG Yun-Qian", ZHENG Min?, MENG Qing-Yong""
(" State Key Laboratory for Agrobiotechnology, China A gricultural University, Beijing 100193, China;
2 Beijing Genprotein Biotechnology Company, Beijing 100193, China)

Abstract Essential polyunsaturated fatty acids can not be synthesized in mammals due to the lack of A-12 and
w-3 fatty acid desaturases. Expressing w-3 fatty acid desaturases in transgenic mammals could convert long chain
n-6 polyunsaturated fatty acids to n-3 polyunsaturated fatty acids, significantly reducing the level of long chain n-6
polyunsaturated fatty acids. In this study, the muscle-specific transgenic mice expressed Caenorhabditis elegans
FAT-1 and FAT-2 genes, which encode w-3 and A-12 fatty acid desaturases respectively and human catalase hCAT
gene, based on "self-cleaving" 2A peptides, and they were generated by microinjection. Fatty acids in skeletal
muscle were analyzed by gas chromatography. The level of total n-3 polyunsaturated fatty acids in transgenic mice
was 2.6-fold higher than that in wild type mice, while there was no significantly difference in the level of total n-6
polyunsaturated fatty acids between transgenic and wild type mice. But the skeletal muscle tissue of transgenic
mice had a dramatically reduced ratio of n-6/n-3 fatty acids (P < 0.01). In addition, the expression level of human
catalase was identified by Western blot, and the catalase activity of hCAT in skeletal muscle of transgenic mice
was significantly higher than that of wild type mice (P < 0.01).

Key words polyunsaturated fatty acids, A-12 fatty acid desaturases, w-3 fatty acid desaturases, human catalase
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