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i s A TER L FA P HEOR B-FLIkE A (BLG) AW, RATA BLG AW EE SFELSAINKEES (LLF)
KA. 'é‘it/%ﬂﬂ‘m% BLG % 3 4P 2 Fi2AMx 5%t T 1 & 4% 5FH TALEN-3-L/R i dast; Rlot, & T A48 1A
HSV-TK # %4 B 49 hLF 3 B 37 ¥2 84K BLC14-TK. TALENs JT#axt4: 3.1 F A6 )L F L mie, 2 pg/mL =%
hEE ik 3d, PCR ¥ 3 40 A ke £ 408 DNA & K. 47¥e# /K BLC14-TK 5 TALEN-3-L/R /i #i3t 4
) F LR Yt i, 22 700 pg/mL G418 #= 2 ng/mL GCV 3k i i 25 #) 30k dm ks 38 i o400 Fe ) R
FAAN MR JF ik ALF R B AT ¥ @0k, BLG /hLF 3T $etm kAR A 4 A% ta Jo dhAT Ly F Ak mieAZ At 5% h:

TALEN-3-L/R B R & £ 3§ 25%—30%; 3k#F BLG /hLF iT¥etmlie 6 #h; 4IMEE MRS 335 4k, BH AL F
23 A, BAAMZ 30-35 d 944k 9 R (B4R E 39.1%), HE ¥+ 1 R 50 B# H %6 ILIEH BLG /hLF &
BA . A L& REYRF BLG KR BT 584 hLF AR R Rl F R TAT, HRFFILFSKEHR
Fog A hLF 6L F 32 L2 T Aa.
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Abstract: To knock out B-lactoglobulin (BLG) gene and insert human lactoferrin (hLF) coding sequence at BLG locus of
goat, the transcription activator-like effector nucleases (TALEN) mediated recombination was used to edit the BLG gene of
goat fetal fibroblast, then as donor cells for somatic cell nuclear transfer. We designed a pair of specific plasmid
TALEN-3-L/R for goat BLG exon III recognition sites, and BLC14-TK vector containing a negative selection gene
HSV-TK, was used for the knock in of ALF gene. TALENSs plasmids were transfected into the goat fetal fibroblast cells, and
the cells were screened three days by 2 pg/mL puromycin. DNA cleavage activities of cells were verified by PCR
amplification and DNA production sequencing. Then, targeting vector BLC14-TK and plasmids TALEN-3-L/R were
co-transfected into goat fetal fibroblasts, both 700 pg/mL G418 and 2 pg/mL GCV were simultaneously used to screen
G418-resistant cells. Detections of integration and recombination were implemented to obtain cells with ALF gene
site-specific integration. We chose targeting cells as donor cells for somatic cell nuclear transfer. The mutagenicity of
TALEN-3-L/R was between 25% and 30%. A total of 335 reconstructed embryos with 6 BLG /ALF" targeting cell lines
were transferred into 16 recipient goats. There were 9 pregnancies confirmed by ultrasound on day 30 to 35 (pregnancy rate
of 39.1%), and one of 50-day-old fetus with BLG /hLF' was achieved. These results provide the basis for ALF gene

knock-in at BLG locus of goat and cultivating transgenic goat of low allergens and rich hLF in the milk.

Keywords: TALENs, human lactoferrin, BLG, gene targeting, somatic cell nuclear transfer
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Fz1 WNETASY

2004 Table 1 Primers for detection
Primer . o Size
(hLF) B- name Primer sequence (5'-3") (bp)
TALEN.3-a ;gTGGCTTCATTTGACTTC
729
TALEN.3.p TTTCTCATCTCGGATTTAG
(192007  Shen GAC
N CMVALTF ?](:I(Z(éGCGTGGATAGCGGTT
470
[11] CCACCATCAAGGGTCACA
CMV+LTF2 (oo
TK1 GCAAGAAGCCACGGAAGT
780
TALENSs TK2 GCCCGAAACAGGGTAAAT
BLG BLG NEO-3-a  CCGAGAAAGTATCCATC 230
1
hLF NEO-3'-b GGTGTTCCCAGGTCA
TALEN BLG hLF 1.1.3
¢DNA BLG DMEM/F12 (Hyclone Cat No. D2906) FBS
(Hyclone Cat No. SH30070.03) Trypsin
(Amresco Cat No. 0458) M2 Mil6
NN -
1 MHEEF%E Hochest 33342
1.1 ## B 6- Sigma
111 DNA DNA
TALENS C ) DNA
(CMV-SP6-TALENSs Vector QIAGEN TALEN
Set Cat No.: 1803-015) BLCl4 (
BLGS' CMV hLF
cDNA PolyA NEO BLG3'
y b2
Escherichia coli DH5a HSV-TK 1.1.4

Porf-hsv1tk (Invitrogen 4.4 kb)

1.1.2
PCR Primer Premier 5.0 1.2 A&
1.2.1 BLC14-TK
( 1 HSV-TK

® 010-64807509 K cjb@im.ac.cn
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Porf-hsvitk Xho 1

Klenow BLC14 Sal T+

Not 1 10 600 bp Klenow
Porf-hsv1tk

BLC14 BLC14-TK

1.2.2 TALENs

BLG
TALENs BLG
(NCBI emb|Z33881.1| 8 088 bp) Nucleotide
TALENSs TAL Effector

Nucleotide Targeter 2.0
“https://tale-nt.cac.cornell.edu/node/add/talen”

TALEN BLG 3
L 3 959-3 974
R 3992-4 008 spacer 17 bp 2
1.2.3
35 D-Hank’s
2
1 mm’ D-Hank’s 3
5 mL (0.05% +0.04%
EDTA) 15 min
1 min
D-Hank’s 2
( DMEM/F12+10% FBS)
5x10°  /mL CO,

37 C 5% CO,

%2 TALENsiRAIfI&
Table 2 Recognition sequence of TALENSs

Name Recognition sequence (5'-3")
TALEN-3-L TGTGCTCAGAAGAAGAT
TALEN-3-R TGAACACCGCAGGGATCT

http://journals.im.ac.cn/cjben

1.2.4 TALENs

1x10°  /mL
TALEN-3-L/R QIAGEN
TALEN-3-L/R 10 pg/mL
2 mm 1.5 kV/em 200 ps
2 5 min
(DMEM/F12+10% FBS) 6
37°C 5%CO,
CO, 24 h 2 pg/mL
1
3-4d
10—-15d
80%
DNA PCR
TALEN-3-a/b 1.1.2 1 PCR
1.2.5 hLF
BLC14-TK Not 1
QIAGEN
15 kb DNA
TALEN-3-L/R
10 pg/mL 1.2.4
36 h G418

(700 pg/mL)  GCV (2 pg/mL)
10-14 d

(DMEM/F12+10% FBS)

12 (DMEM/F12 + 10% DMSO + 20%
FBS) 12
DNA PCR
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DNA Ml16 5h M16
CMV+LTF1/2 +5 pmol/L +7.5 ug/mL CB)
TK1/2 TK NEO-3"-a/b 5 min 2 mmol/L 6-DMAP
7.5 ug/mLCB MIl6 5h Ml16
1.1.2 1 13131
1.2.6 1.2.8
M16 (5%
9-13 FSH 3d 2 CO, 38 ) «“ ”? (
240-3001U 4 I mL )
(0.1 mg) 5 LHRH 50 pg 5-20
30-35 d B
1.2.7
37°C 1.2.9
80% 0.5% FBS 48 h 50
M2 NEO BLG-3’
5 pg/mL Hochest33342 7.5 pg/mL CB M2 NEO-3'-a/b PCR PCR
30 min DNAStar
M16 30 min
( : 0.3 mmol/L +0.05 mmol/L 2 %%5 é}ﬁ
+0.1 mmol/L +3% BSA) 2.1 #TEE# 1K BLC14-TK B9#E
1.2kV/em 40ps 2 M16 HSV-TK BLCI14
30 min BLCI14-TK
1 1
BLCI14-TK [ L ﬁMV;}{ P%IANEQH e >E:::1::::::::I:E:{:::::::::::j
BLG %\/ AT%)HZ EXIO_113'

1 BLCI14-TK TR ZE R EE

Fig. 1 The structure diagram of BLC14-TK targeting vector. BLG: goat B-lactoglobulin promoter; CMV: human
cytomegalovirus immediate early promoter; hLF: human lactoferrin c¢DNA; PolyA: SV40early mRNA

polyadenylation; Neo: neomycin resistance gene; TK: herpes simplex virus thymidine kinase (HSV-tk) gene.
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2.2 BRILB A4 RmaTIE 5 3
BLG 3
(TALENs-3-L/R )
TALEN-3-L/R
DNA

25%-30%

24 ANIABREHEREITRAMZROWIE
BLCI4-TK  TALEN-3-L/R

2x10’
G418 GCV 34
hLF 32
PCR 470bp ( 4)
HSV-TK
PCR TK1/2
10 um DNA PCR 780 bp
T AS
(95 6 TK 6
B2 JFERBRILBTHAR (100x) T1 T2
Fig. 2 P, generation of fetal fibroblast cells (100x).
T3 T4 T-5 T-6
2.3 TALENs & I40H PCR &A1 745 B NEO BLo-3 PeR
TALENs-3-L/R NEO-3"-a/b 6
DNA 2391 bp
PCR 6 ( 6)

GATTAT TGCA\GA%A\A\A\A\A\C CAAG AH\TCCCTGCGG TGTTCAAG
‘T

e

Bl 3 TALEN-3-L/R PCR &£ 74 FF g B
Fig. 3 The sequencing peak diagram of TALEN-3-L/R PCR products.

http://journals.im.ac.cn/cjben
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1 23456789101112131415MP

<470 bp

& 4

#B4% hLF # &40 PCR &

Fig. 4 hLF transgenic integration analysis of PCR. M:
DL-2000 DNA marker; P: BLC14-TK; vectorl-15:
transfected cell samples.

12345678910111213141516 M P

<780 bp

5 EHEEhLF EFMAEKKE TK ZRE & PCR
Fig. 5 PCR detection of the 7K gene. M: DL-2000
DNA marker; P: BLC14-TK; vectorl-16: transfected
cell samples.

2391 bp —

Bl6 #B4 PCRIEME hLF ERMAkEIRE EH
Fig. 6 Homologous recombination detection of ALF
transgenic cells by PCR. M: A-EcoT14 I digest DNA
marker; 1-4: transfected cell samples.

25 RERHABER

3 430
352 81.9%
335 23
30-35 d
B 9 39.1%
1 50 (T-4) B
7 8 9

@ 010-64807509

*3 HZBEESRER/LST
Table 3 Details of production of cloned fetuses by
nuclear transfer

Donor Embryo Receptors 30-35d
cells transfer pregnancy (%)
T-1 63 4 1(25.0)
T-2 28 2 2 (100.0)
T-3 84 5 0 (0)
T-4 36 3 2 (66.7)
T-5 29 2 1 (50.0)
T-6 95 7 3 (42.9)
Total 335 23 9 (39.1)

El7 BLG/hLF ERBEERILRBR
Fig. 7 The photo of cloned fetus with BLG /ALF".

E 8 BRBETIRE
Fig. 8 The pregnancy by B-ultrasound.
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(3

.' T T T T l l
10510 10520 1053 10540 10550 10560 10570

BLC14-TK TTACCAAAGCTGCTOCARGARAAAGOOOCTATGOCTCTGAGCTTOO0GROCTECAGAGTTGTGRGEO0GE | 1 051
BLC-3'  TTACCAAAGCTGCTCCAAGARAAAGOCCCTATGOCTCTGAGCTTOCOGROCTGCAGAGTTGTGRGGGTAG | § 047
BK-94 TTACCAAAGCTGCTOCARGARAAAGOCCCTATGOCTCTGAGCTTOCOGGCCTGCAGAGTTGTGRGEGTAG 2 297

i I I ENm
=~ACTGTGACCHGEEAXCAXXCCCOOCOOOCOOOOO0000NN

10580 10590 10600 10610
BLC14-TK ~GGGAGCATGOGA 1054
BLC-3' - 8088
BK-94 = 2304
9 BK-94 FT#E A5 )L BRI FF 5t b 25 R &
Fig. 9 Sequence homology result of BK-94 targeting fetus.
BK-94# BLG-3’ ( Marques "7 al (1) (COLIAI)
) BLG 3 alpHa-1-antitrypsin
(hAAT) "B
v s gdnf
3 it
TALENSs
BLG p-
TALEN (BLG)
BLG /hLF" hLF 6 BLG /hLF"
[5-6]
TALEN
[19-21]
TALEN
[3,16] 34
6 (
17.6%) [22-23]
BLC14
2004 R 193 hLF CMV BLG
[3_
Shen U! (htPAm)
B_ [12,15,24-25]
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BLG 3
TALENSs
16 bp 17 bp spacer 17bp TALENSs
Fok I
TALENs BLG
(BLC14-TK) BLG
TALENs
TALEN
( ) NEO™"
GCr-
BLG
6 hLF
23
30-35dB 9 1 50
TALENs
BLG
hLF
9
[13,23]

® 010-64807509

REFERENCES

(1]

(9]

[10]

[11]

Sackesen C, Assa'ad A, Baena-Cagnani C, et al.
Cow's milk allergy as a global challenge. Curr Opin
Allergy Clin Immunol, 2011, 11(3): 243-248.
Park  YW. Hypo-allergenic and therapeutic
significance of goat milk. Small Rumin Res, 1994,
14(2): 151-159.
Sabikhi L. Designer milk. Adv Food Nutr Res,
2007, 53: 161-198.
Nuijens JH, Van Berkel PHC, Schanbacher FL.
Structure and biological actions of lactoferrin. J
Mamm Gland Biol Neopl, 1996, 1(3): 285-295.
Li Y, Li HJ, Han LQ, et al. Optimization of
purifing method for lactoferrin. Chem Bioeng,
2007, 24(11): 38-40 (in Chinese).
. , 2007, 24(11): 38-40.
Yang F, Chen YZ, Zhang JX. Lactoferrin
Production in mammary gland bioreactor. Acad J
Guangdong Coll Pharm, 2001, 17(2): 123-124 (in
Chinese).

, 2001, 17(2):
123-124.
Yu T, Guo CD, Wang JW, et al. Comprehensive
characterization of the site-specific N-glycosylation
of wild-type and recombinant human lactoferrin
expressed in the milk of transgenic cloned cattle.
Glycobiology, 2011, 21(2): 206-224.
Han ZS, Li QW, Zhang ZY, et al. High-level
expression of human lactoferrin in the milk of goats
by using replication-defective adenoviral vectors.
Protein Expr Purif, 2007, 53(1): 225-231.
Bonas U, Stall RE, Staskawicz B. Genetic and
structural characterization of the avirulence gene
avrBs3  from  Xanthomonas  campestris  pv.
vesicatoria. Mol Gen Genet, 1989, 218(1): 127-136.
Sun LX. The production of gene-targeting at gef
B-casein gene locus with human lactoferrin gene
and analysis of gene integrate site[D]. Shanghai:
East China Normal University, 2004 (in Chinese).

. hLF
[D].
, 2004.

Shen W, Lan GC, Yang XY, et al. Targeting the

K cjb@im.ac.cn




338

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech March 25,2016 Vol.32 No.3

[12]

[13]

[14]

[15]

[16]

[17]

[18]

exogenous htPAm gene on goat somatic cell
beta-casein locus for transgenic goat production.
Mol Reprod Dev, 2007, 74(4): 428-434.

Cheng Y, An LY, Yuan YG, et al. Hybrid
expression cassettes consisting of a milk protein
promoter and a
significantly increase mammary-specific expression
of human lactoferrin in transgenic mice. Mol
Reprod Dev, 2012, 79(8): 573-585.

Cheng Y, Wang YG, Luo JP, et al. Cloned goats
produced from the somatic cells of an adult
transgenic goat. Chin J Biotech, 2002, 18(1): 79—83
(in Chinese).

cytomegalovirus  enhancer

s > s

, 2002,
18(1): 79-83.
An LY, Yuan YG, Yu BL, et al. Cloning goat
producing human lactoferrin with genetically
modified donor cells selected by single or dual
markers. Chin J Biotech, 2012, 28(12): 1482—-1491
(in Chinese).

s > >

, 2012, 28(12):
1482-1491.
An LY, Yuan YG, Yu BL, et al. Generation of
human lactoferrin transgenic cloned goats using
donor cells with dual markers and a modified
selection procedure. Theriogenology, 2012, 78(6):
1303-1311.
Nowak-Wegrzyn A. New perspectives for use of
native and engineered recombinant food proteins in
treatment of food allergy. Immunol Allergy Clin
North Am, 2007, 27(1): 105-127.
Marques MM, Thomson AJ, McCreath KJ, et al.
Conventional gene targeting protocols lead to loss
of targeted cells when applied to a silent gene locus
in primary fibroblasts. J Biotechnol, 2006, 125(2):
185-193.
Zhang XM. Human gdnf gene knock-in at
beta-casein locus in bovine fetal fibroblast cells
and production of gene-targeted blastocysts by
SCNT[D]. Hohhot: Inner Mongolia University,

http://journals.im.ac.cn/cjben

[19]

[20]

[21]

[22]

(23]

[24]

[25]

2009 (in Chinese).
gdnf p-casein
[D].
: , 2009.
Li T, Huang S, Jiang WZ, et al. TAL nucleases
(TALNSs): hybrid proteins composed of TAL
effectors and Fokl DNA-cleavage domain. Nucleic
Acids Res, 2011, 39(1): 359-372.
Miller JC, Tan S, Wang J, et al. A TALE nuclease
architecture for efficient genome editing. Nat
Biotechnol, 2011, 29(2): 143-148.
Mahfouz MM, Li LX, Fang XY, et al. De
novo-engineered transcription activator-like
effector (TALE) hybrid nuclease with novel DNA
binding specificity creates double-strand breaks.
Proc Natl Acad Sci USA, 2011, 108(6):
2623-2628.
Zhang Y, Zhang F, Li XH, et al. Transcription
activator-like effector nucleases enable efficient
plant genome engineering. Plant Physiol, 2013,
161(1): 20-27.
An LY. Human o-LA gene knock-in at BLG locus
in goat fibroblast cells and production of gene
targeted goats by SCNT[D]. Yangzhou: Yangzhou
University, 2012 (in Chinese).
a-LA BLG
[D].
: ,2012.
Yuan YG, An LY, Yu BL, et al. Construction of
mammary gland specific vector for expression of
human lactoferrin. Acad J Yangzhou Univ: Agric
Life Sci Ed, 2011, 32(3): 6-10 (in Chinese).

5 5 s

: , 2011, 32(3): 6-10.
Cheng Y. Mammary gland-specific expression of
hLF c¢cDNA driven by lactoprotein and
cytomegalovirus (CMV) chimeric promoters[D].
Nanjing: Nanjing Agricultural University, 2007 (in
Chinese).
. CMV

cDNA [D].

, 2007.

hLF

(RL5e9 BT



