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Engineered zinc-finger nucleases (ZFNs) have been widely used for precise genome editing. ZFNs can
induce DNA double-strand breaks at specific genomic locations and drive the introduction of an insertion
or deletion of base pairs at the targeted region, consequently resulting in a loss-of-function mutation. In
this study, we investigated the cloning, expression and purification of ZFN fusion proteins targeting the
goat beta-lactoglobulin (BLG) gene and detected the cleavage activities of these ZFN proteins in vitro and
in cells, respectively. The results showed that the pET-BLG-LFN and pET-BLG-RFN prokaryotic expression
plasmids can be constructed correctly and expressed efficiently in Escherichia coli BL21 (DE3) cells to pro-
duce the 6x His-tagged ZFN proteins that can be purified by Ni-IDA-Sefinose Column. The predetermined
sequence of BLG can be recognized and excised both in vitro and in goat fibroblasts by the purified ZFN
fusion proteins, which demonstrated that the purified ZFN fusion proteins can be used as gene modi-
fication tools to knock out the BLG gene. Furthermore, these results lay the foundation for eliminating
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allergen BLG from goat milk and improving the quality of goat milk products.

© 2015 Elsevier Inc. All rights reserved.

Introduction

Goat milk is the primary source of nutrition for humans second
only to cow milk. However, some infants are allergic to goat milk
products in the first year of life [1]. Beta lactoglobulin (BLG),’
which is a major whey protein of ruminant milk but absent in
human milk [2], is considered an allergen for infants [3-5]. The milk
allergen has been reduced through several technologies, including
heat treatment, fermentation, hydrolyzed protein desensitization,
glycation, and RNAi [6,7]. However, these approaches cannot solve
this problem thoroughly. By contrast, Gene targeting can work as a
direct and complete method to reduce and even eliminate the
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1 Abbreviations used: DNA, deoxyribonucleic acid; PCR, polymerase chain reaction;
LB, Luria-Bertani; His, histidine; IPTG, isopropyl--p-1-thiogalactopyranoside; SDS-
PAGE, sodium dodecyl-sulfate-polyacrylamide gel electrophoresis; ZFNs, Zinc-finger
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BL21 (DE3); NHEJ, non-homologous end joining; HDR, homology-directed repair;
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allergen BLG from goat milk without any change in the other milk
components. Traditional gene targeting technology is inefficient
and time consuming. The appearance and development of engi-
neered chimeric nucleases, including zinc-finger nucleases (ZFNs),
transcription activator-like effector nucleases (TALENs) and
CRISPR/Cas9, significantly improve the efficiency of gene targeting
[8].

ZFNs, the efficient site-specific gene modification tools, are cre-
ated by fusing both the recognition motif Cys,His; zinc fingers and
the cleavage domain type IIS restriction enzyme Fokl [9-11]. The
Fokl cleavage domain must dimerize to cut DNA, so a monomer
does not work at single binding site. It needs to construct two sets
of Cys,His, zinc fingers directed to neighboring sequences and
joined each to a monomeric cleavage domain [12,13]. Only both
the combined left and right ZFNs can induce site-specific double-
strand breaks (DSBs) [8] and trigger cellular repair mechanisms
involving either error-prone non-homologous end joining (NHE])
[14,15] or homology-directed repair (HDR) [16]. Therefore, BLG
knockout with ZFNs is an appropriate technology to solve the
problem of milk allergy.

Although ZFNs have been successfully applied for gene disrup-
tion or addition in mouse [17,18], porcine [15] and human cells
[19,20] by traditional transfection methods and mRNA delivery
systems, they are limited by high random insertion and off-target
cleavage [21]. These limitations and defects can be avoided by
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the method of direct delivery of ZFNs as proteins. Compared with
plasmid delivery systems, direct delivery of site-specific nuclease
proteins has more advantages, including no risk of insertional
mutagenesis, reduced toxicity and few off-target cleavage events
[22]. Previous studies showed that direct delivery of ZFNs or
TALENS proteins yielded highly efficient gene knockout in various
mammalian cell types [22,23].

In this research, we purified ZFN proteins targeting the goat BLG
gene from Escherichia coli by using Ni-IDA-Sefinose column and
assayed their cutting efficiency and specificity in vitro and in cells.
Finally we investigated the feasibility of using direct protein deliv-
ery of ZFNs to knock out the BLG gene.

Materials and methods
Construction of the expression vector

Two prokaryotic expression constructs pET-BLG-L/RFN were
generated to express a pair of ZFNs targeting goat BLG gene

Table 1
Primer sequences used in this study.

Primer name Sequences (5'-3')

5'EcoRI-NLS CCGGAATTCCCCAAGAAGAAGAGGAAGGT
3'FoKI-Xhol AACAGATGGCTGGCAACTAG

BLG5-F GCATTCCCACTGCTCCTG

BLG3-R CCATCGATTTCAGCTCCTCCACGTACACT
SNA-F TCGTAGAGGAAGCCACCCCG

SNA-R CACACGTGGCAACATTTGGATCTT

Notes: Letters underlined means restriction sites, bolded means protective base. F
means sense primer, while R means anti-sense primer.

(GenBank: Z33881). The left (L) and right (R) zinc fingers that were
flanked by N-terminal nuclear localization signal (NLS) [24] and C-
terminal specialized Fokl cleavage domain were PCR amplified
from their respective templates pZFN3 and pZFN4 with the primers
5’EcoRI-NLS and 3’FoKI-Xhol listed in Table 1. The respective tem-
plates pZFN3 and pZFN4 and their sequences were engineered and
customized by the CompoZr ZFN Operations Group at Sigma-
Aldrich Biotechnology (Fig. 1). The ZFNs used in this study are
available through Sigma-Aldrich (St. Louis, MO; lot number:
01051223MN). PCR products were digested with EcoRI and Xhol
(TaKaRa, Dalian, China), then recovered from agarose gel by the
DNA purification kit (Tiangen, Beijing, China) and finally cloned
into the EcoRI and Xhol restriction sites of the pET-32a (+)
expression vector (Novagen, Madison, USA) to generate the plas-
mids PpET-BLG-LFN and pET-BLG-RFN. Sequencing analysis
(Sangon, shanghai, China) was conducted to verify the construction
of pET-BLG-L/RFN (Fig. S1).

Expression of ZFN fusion proteins

The expression of ZFN fusion proteins was performed according
to the method described by Thomas Gaj and Rodriguez [25,26]
with some modifications. The ZFN prokaryotic expression plasmids
PET-BLG-L/RFN were transformed into BL21 (DE3) respectively and
the transformed BL21 (DE3) were incubated at 37 °C for 12-16 h to
form single colonies. One of the grown single colonies was chosen
to grow overnight in 5mL LB medium containing 100 pg/mL
ampicillin at 37 °C. 100 puL of the overnight inoculant cultures con-
tinuously grown in 50 mL LB media supplemented with 100 uM
ZnCl,, 100 pg/mL ampicillin, 100 pg/mL chloramphenicol and
0.2% glucose until the OD600 reached 0.8. In order to confirm
optimum conditions of the ZFN proteins expression, induction
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Fig. 1. Schematic overview depicting the binding sites of the left and right ZFNs and the construction of the prokaryotic expression vectors pET-BLG-L/RFN. (A) Cartoons of
one pair of ZFNs binding at specific genomic sites. The binding sites of the left and right ZFNs are located in the Exon 1 of BLG gene. The DNA sequence of the primary binding
site for each ZFN is uppercase; the cut sites cleaved by dimerization of the FokI nuclease domains are lowercase. (B) The flow chart of pET-BLG-L/RFN construction. Clone the
NLS-ZFN3/4-FoKI cassettes by PCR with their respective mammalian expression vectors as templates. Then, doubly digested the amplicon with EcoRI and Xhol and inserted it
into the prokaryotic expression vector pET 32a (+) which was cut with the same endonucleases.
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temperature and time were optimized. Protein synthesis was
induced with 1 mM B-p-1-thiogalactopyranoside (IPTG) for 4 h at
25 °C and 30 °C respectively to optimize the induction tempera-
ture. The culture was induced with 1 mM IPTG and incubated at
25 °C for different times (4.0 h, 5.0 h, 6.0 h and 8.0 h) to optimize
the expression time, respectively. The expression level of total cells
was analyzed by SDS-PAGE and the weights of the fusion proteins
expressed in BL21 (DE3) were compared with protein molecular
weight marker (Transgen, Beijing, China). And then we compared
the experimental molecular weight of two purified ZFN proteins
with the theoretical value (60.4 kDa (ZFN3) and 57.6 kDa (ZFN4),
respectively). Finally, the optimal induction temperature and time
were obtained. After BL21 (DE3) containing pET-BLG-L/RFN was
induced under the optimal condition, the cells were harvested
and resuspended in lysis buffer (50 mM Tris—HCI, 500 mM NaCl,
100 uM ZnCl,, 1TmM PMSF, 1 mM MgCl,, 1mM B-mercap-
toethanol, 10 mM imidazole, 0.2% Triton X-100 and 10% glycerol,
pH 8.0). Each 1 g of harvested cells was resuspended in 10 mL lysis
buffer, and then cells were lysed using standard sonication
conditions on ice. The cellular debris was removed by cen-
trifugation at 12,000 rpm (HFA15.50 rotor, Biofuge Stratos,
Germany) for 20 min at 4 °C, while the resulting supernatants were
assessed by SDS-PAGE and protein weight concentration was
assessed using Bradford assay method, with BSA as standard pro-
tein. The molar concentrations of the two purified ZFN proteins
can be converted from the weight concentrations through the

10'2 pmol)
mole :

g Protein kg
Protein Size (kDa) ™ 10° g

formula (Picomoles Protein = X

Purification of ZEN fusion proteins

1L growths of the E. coli containing pET-BLG-L/RFN were cul-
tured in Erlenmeyer flask respectively until the OD600 of cells
reached 0.8, and then protein synthesis was induced with 1 mM
IPTG at 25 °C for 4 h. The expression cells BL21 (DE3)/pET-BLG-L/
RFN were harvested by centrifugation at 12,000 rpm (HFA15.50
rotor, Biofuge Stratos, Germany) for 20 min at 4 °C. The pellet
was resuspended in 30 mL of native lysis buffer (50 mM Tris-
HCl, 500 mM NacCl, 100 uM ZnCl;, 1 mM PMSF, 1 mM MgCl,,
1 mM B-mercaptoethanol, 10 mM imidazole, 0.2% Triton X-100
and 10% glycerol, pH 8.0). Cells were lysed using standard son-
ication conditions on ice, and the soluble fraction was isolated by
centrifugation at 12,000 rpm for 30 min at 4 °C.

ZFN proteins in the soluble fraction were purified using a Ni-
IDA-Sefinose Column (Sangon, Shanghai, China) and then eluted
with imidazole (250 mM) in the presence of 50 mM NaH,PO,,
300 mM Nacl, 100 uM ZnCl, and 10% glycerol at pH 8.0. The puri-
fied proteins were assessed for purity by SDS-PAGE. The weight
concentration of ZFN proteins was determined by Bradford assay,
with BSA as standard protein. Each protein was concentrated by
ultrafiltration with Amicon Ultra-15 centrifugal filter (Millipore;
USA) and dialyzed into HEPES buffer (20 mM HEPES, 90 uM
ZnCl;, 150 mM NacCl, 5mM KCl, 1 mM MgCl,, pH 7.4) before
long-term storage at —80 °C in 50% glycerol.

Western blot assays

The purified ZFN proteins were resolved by electrophoresis by
12% SDS-PAGE gel and then electro-transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore, Bedford, MA). The 6x
His-tagged ZFN proteins were detected using an anti-His Tag
monoclonal antibody (Beyotime, China) as primary antibody in
western blot analysis [27,28]. Finally, the proteins were detected
by the enhanced chemiluminescence (ECL) method.

In vitro DNA cleavage analysis

Cleavage analysis was performed based on the method
described as previously [11]. The ZFNs target site of BLG gene
was amplified using the primers BLG5-F and BLG3-R (Table 1)
and then cloned into pMD-19-T vector (TaKaRa, Dalian, China)
forming the recombinant plasmid named pMD-19-BLG. The
pMD-19-BLG plasmid was digested with Clal restriction endonu-
clease (TaKaRa, Dalian, China) and recovered by the DNA purifica-
tion kit (Tiangen, Beijing, China). The obtained linear segment was
cut by ZFN proteins as substrate DNA in vitro. Briefly, ZFN fusion
proteins (0.12 pg (ZFN3) and 0.11 pg (ZFN4)) were added into pre-
heating ZFN reaction buffer (20 mM Tris-acetate, 10 mM magne-
sium acetate, 50 mM potassium acetate, 90 uM ZnCl,, and 5 mM
DTT, pH 7.9) containing 100 ng of substrate DNA and the final con-
centration of each ZFN protein was 100 nM. Cleavage reactions
were conducted at 37 °C in the total volume of 20 L for increasing
times (5 min, 10 min, 20 min, 30 min, 45 min and 60 min).

Cell culture and ZFN fusion proteins treatments

Goat fetal fibroblast cells were cultured in DMEM (Gibco, USA)
medium with 10% FBS in a humidified 5% CO, atmosphere at 37 °C
and harvested at 70-80% confluence; then seeded onto 24-well
plates at a density of 2 x 10° cells per well. The treatment proce-
dure of ZFN fusion proteins were as follows [25]. Purified ZFN3
and ZFN4 fusion proteins were diluted respectively at various con-
centrations in Opti-MEM (Gibco, USA) containing 90 uM ZnCl, at
pH 7.4; the soluble cell extract (E. coli containing pET-32a (+))
without ZFN as a negative control was also diluted in Opti-MEM.
The fibroblast cells were washed with Opti-MEM (Gibco, USA)
and then incubated with each 250 uL of ZFN3 dilution and ZFN4
dilution or 500 pL of negative control dilution. The molar concen-
trations of each ZFN protein in the different treatment groups were
1uM, 1.5uM, 2uM and 2.5 uM respectively and the specific
weight concentrations were 60, 91, 121, 151 pg/mL for ZFN3 pro-
tein and 58, 86, 115, 144 pg/mL for ZFN4 protein, respectively.
Specifically, Cells were incubated in Opti-MEM containing both
ZFN3 and ZFN4 proteins for 1 h at 37 °C. Then both the treated cells
and negative control cells were washed and maintained at 37 °C
with serum-containing medium for 24 h. This process was
repeated up to 4 times over four consecutive days, and then the
cells were harvested for analysis.

Surveyor nuclease assay

Genomic DNA was extracted using TIANamp Genomic DNA Kit
(Tiangen, Beijing, china) from the ZFN proteins treated cells and nega-
tive control cells, the BLG target locus of ZFN proteins was amplified
from the genomic DNA using the PCR primers SNA-F and SNA-R listed
in Table 1. The Surveyor nuclease assay (Transgenomics, USA) was
adapted for quantification of the minor deletions and insertions typi-
cally induced by NHE] because they are susceptible to the mis-
matches created by error-prone repair in PCR products. In this
study, the Surveyor nuclease assay was used to detect whether the
minor deletions and insertions existed in the BLG target locus of
ZFN proteins. Cleavage products were detected by electrophoresis
and then the frequency of endogenous gene mutation generated in
the genomic DNA was quantified by densitometry [29].

Results

Construction of pET-BLG-LFN and pET-BLG-RFN expression plasmids

The flow diagram of pET-BLG-L/RFN construction is schemati-
cally represented in Fig. 1B. The NLS-ZFN3/4-FoKI fusion cassettes
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Fig. 2. Expression of ZFN proteins in BL21 (DE3). (A) The determination of optimal induced temperature. Lanes 1, 2 represented the BL21 (DE3) pET-BLG-LFN induced
temperatures of 25 °C and 30 °C, respectively; Lanes 3, 4 represented the BL21 (DE3) pET-BLG-RFN induced temperatures of 25 °C and 30 °C, respectively. (B) Soluble
expression of ZFN fusion proteins in E. coli BL21 (DE3), analyzed by SDS-PAGE. Lane 2, negative control, soluble protein of E. coli transformed with pET-32a (+) vector; Lane 1,
soluble cell proteins of E. coli containing pET-BLG-RFN; Lane 3, soluble cell protein of E. coli containing pET-BLG-LFN; M, molecular weight marker (kDa).
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Fig. 3. Purification of ZFN proteins with elution buffer under native conditions and western blot analysis. (A) Lanes 1 and 2, soluble protein of E. coli containing PET-BLG-L/
RFN; Lanes 3 and 4, 5 pg and 4 pg of each ZFN fusion protein purified after a His-tagged affinity chromatography; M, molecular weight marker (kDa). (B) Identification of
purified ZFN3 and ZFN4 proteins by western blot analysis with an anti-His Tag monoclonal antibody. Lanes 1 and 2, purified ZFN3/ZFN4 proteins were blotted with anti-his-
tag antibodies; Lanes NC1 and NC2, soluble bacterial proteins of BL21 (DE3) containing PET-BLG-L/RFN without induction with IPTG were blotted with anti-his-tag antibodies.

were amplified from their respective mammalian expression vec-
tors pZFN3 and pZFN4 and cloned into the pET-32a (+) expression
vector to generate the plasmids pET-BLG-L/RFN (Fig. 1B). The cor-
rect construction was identified by restriction enzyme digestion
(data not shown) and further verified by sequence analysis (Fig. S1).

The left (L) and right (R) ZFNs mammalian expression vectors
PZFN3 and pZFN4 were designed to target the Exon 1 of goat
BLG gene to introduce frame-shift mutations, which can lead to
the production of null alleles (Fig. 1A). The principal mechanism
was that the left (L) and right (R) ZFNs can create DSBs which will
be repaired through the NHE]J or HR pathway. When the exogenous
repair template was absent, the overall efficiency of intrinsically
error-prone NHEJ was higher than HR at all cell cycle stages, thus
the repair of the DSBs tended to be low fidelity [30].
Furthermore, NHE] in particular can produce localized mutations
due to deletion and/or insertion of short sequences at the break,
resulting in loss of BLG protein expression [31].

Expression and purification of ZFN fusion proteins

The expression capacity of E. coli containing pET-BLG-L/RFN was
identified by SDS-PAGE analysis after optimizing the induction

temperature and time, respectively. As shown in Fig. 2A, the better
induction temperature was 25 °C and 1 mM IPTG concentration
was sufficient to obtain high yield of proteins. Considering that
there was no obvious difference of the yields from 4 to 8 h after
induction (data not shown), we chose 4 h as our final induction
time, because it was the minimal time required in results.
SDS-PAGE results showed that there were two obvious bands
approximately 60 kDa matched with the theoretical molecular
weights produced in soluble bacterial proteins respectively, while
no corresponding specific band was detected in negative control
under the optimized induction conditions (Fig. 2B).

ZFN proteins in the soluble lysates were purified using a
Ni-IDA-Sefinose Column. The purified results showed that all other
bands almost disappeared after purification whereas only the
single bands we need became more obvious respectively and their
molecular weights were approximately 60 kDa (Fig. 3A). Purified
ZFN proteins were also identified by western blot analysis with
an anti-His Tag monoclonal antibody. We found that the anti-His
antibodies combined specifically with the 6x His-tagged ZFN
proteins but not the soluble cell extract without induction with
IPTG (Fig. 3B). The weight concentration of the purified ZFN pro-
teins was measured after purification and concentration. The final
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Table 2
Purification of ZFN fusion proteins from E. coli.
Step ZFN3 ZFN4
Total protein® Target protein® Overall yield®  Purity Total protein® Target protein® Overall yield!  Purity
(mg) (mg) (%) (%) (mg) (mg) (%) (%)
Sonicated supernatant®  41.5 5.23 100 13 40.6 5.06 100 12
NIA-agarose 0.67 0.55 10.5 82 0.64 0.51 10.1 80
Dialyzed and 0.54 0.45 8.6 83 0.52 0.42 83 81

concentrated

From 1 L of E. coli culture induced with 1 mM IPTG for 4 h at 25 °C.
Total protein content was determined by Bradford protein assay.
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Fig. 4. Detection the activity of ZFN recombinant proteins in vitro. Lane 1, Negative
control group that was added with water. Lane 2, Negative control group that was
added with the soluble cell extract without ZFN. Lanes 3-8, linearized substrate
fragment was digested into two parts with length of 3580 bp and 791 bp for
increasing times (5 min, 10 min, 20 min, 30 min, 45 min and 60 min), respectively.
M, Trans 2K Plus DNA Marker.

yields of the fusion proteins were 0.45 mg/L (ZFN3) and 0.42 mg/L
(ZFN4), respectively (Table 2).

Detection the activity of recombinant proteins in vitro

During the activity analysis of recombinant proteins in vitro, the
linearized substrate fragment was incubated with ZFN proteins in
reaction buffer for increasing times (5 min, 10 min, 20 min, 30 min,
45 min and 60 min) at 37 °C. Furthermore, two negative controls
including the linearized substrate fragment incubated with water
and incubated with soluble cell extract (E. coli containing
pET-32a (+)) without ZFN were also added.

The results demonstrated that the fragment was not even cut in
the two negative controls (Fig. 4, Lanes 1 and 2), whereas the DNA
fragments could be digested into two parts with the expected size
by the purified ZFN proteins in various cutting time (Fig. 4, Lanes
3-8). Meanwhile, the Clal-cut plasmid was cut more completely
with the increased cutting time. So we can conclude that approxi-
mately 1 h was needed for thoroughly cutting in vitro.

Target protein was estimated by quantifying the amount in each gel lane by densitometry.
The overall yield was calculated based on the amount of ZFN3/ZFN4 fusion protein.

Surveyor nuclease assay

Following the examples of ZFN proteins used in other cells [25],
the goat fetal fibroblast cells were incubated with the dilutions of
both ZFN proteins containing N-terminal NLS peptides and then
harvested for genome DNA extraction. The BLG target locus of
ZFN proteins was amplified from the genome DNA and detected
whether the disruption was existed in the target locus using the
Surveyor nuclease assay. Surveyor nuclease is a mismatch-specific
endonuclease that recognizes mismatches in heteroduplexed DNA
and cleaves both strands on the 3’ side of the mismatch, providing
specific information on mutation location. Especially in our study,
when the DSBs were repaired through NHEJ, the Surveyor nuclease
would recognize the mutation produced at the BLG locus and
cleave both strands of the PCR products. It can be seen from
Fig. 5A that 754-bp PCR products can be amplified from the gen-
ome DNA of different concentrations(1 uM, 1.5 uM, 2 pM and
2.5 uM) of ZFN proteins-treated cells (Lanes 4-7), untreated cells
(Lane 1) and soluble cell extract without ZFN treated cells (Lane
3) as two negative controls. The 754-bp PCR products were not
even cut in the two negative controls by the Surveyor nuclease
(Fig. 5A, Lanes 1 and 3); whereas the PCR products amplified from
the genome DNA of different concentrations of ZFN proteins-
treated cells could be digested into two parts with the expected
size (Fig. 5A, Lanes 4-7). The level of Surveyor nuclease cleavage
was determined by the ratio of cleaved products to the parental
band which reflected the frequency of the endogenous BLG gene
disruption mediated by ZFN proteins. The measuring results
showed that the frequency of targeted gene cleavage (0, 1.2%,
2.0%, 2.6%, and 2.9%) was increased when the molar concentration
of ZFN proteins was 0, 1.0, 1.5, 2.0, 2.5 uM, respectively (Fig. 5B).

Discussion

The aim of this study was to establish an expression and purifi-
cation protocol to produce ZFN proteins to knock out the BLG gene.
The production of the ZFN proteins was to explore an alternative
avenue of gene targeting method which can overcome some risks,
such as safety problems in gene-based delivery method and ineffi-
ciency in mRNA delivery system [32]. Our study has shown that
ZFN proteins delivery resulted in gene knockout as the transient
transfection of ZFN expression vectors.

When the purified ZFN proteins were used as gene modification
tools, three main abilities including penetrating cells, entering the
nucleus and cleavage were needed. Nuclear localization signal
(NLS) residues, the specific amino acid sequence on the signaling
proteins, was fused at the N-terminus of the ZFN peptides for
nuclear translocation [33,34]. Furthermore, the nonspecific cleav-
age domain of the Fokl restriction endonuclease was linked to
the modular zinc finger proteins (ZFPs) domains at the C-terminus
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Fig. 5. Surveyor nuclease assay of the ZFN proteins activity at the goat BLG loci. The bands were quantitated by ethidium bromide staining and densitometry to determine the
frequency of gene disruption. (A) The 754-bp PCR amplicon is cleaved into ~517- and ~237-bp fragments. Numbers at the bottom of each lane indicate % of the BLG gene
disruption frequency. (B) The frequency of the endogenous BLG gene disruption is plotted against ZFN proteins concentration. The frequency of endogenous gene disruption
which was determined by the Surveyor nuclease assay increased with ZFN proteins as the molar concentration range was between 0 and 2.5 pM.

to generate the cleavage ability. It is worth to be mentioned that
cell-penetrating peptides (CPPs) have been powerful transport
tools to deliver various proteins into the cell membranes pre-
viously [35,36], but ZFNs fused to protein transduction domains
such as HIV-1 TAT protein or polyarginine motif were difficult to
express and purify [23]. Meanwhile, standard ZFN proteins already
possess intrinsic cell-penetrating capabilities because of the net
positive charge of ZFP-DNA binding domains [25]. Therefore, the
ZFPs were only fused to NLS at the N-terminus and Fokl domain
at the C-terminus without cell-penetrating peptides.

In this research, we demonstrated that purified ZFN protein can
be used as a gene modification tool to knock out the BLG gene and
cleavage activity existed in vitro and in cells. The ZFN fusion
proteins can recognize and excise the desired sequence of BLG
in vitro. The Surveyor nuclease assay of ZFN-treated cells verified
targeted mutagenesis in goat fibroblast cells, revealing the pres-
ence of the anticipated ZFN-induced insertions and/or deletions
at the BLG locus. The Surveyor nuclease has been widely used to
detect a variety of mutations [37] in the human [38], zygotes
[39] and mammal [40] genomes accurately. The function of some
genes would be lost through the NHE] pathway and the Surveyor
nuclease assay can detect this kind of mutation.

The efficiency of the purified fusion protein in the Surveyor
nuclease assay seems low; the possible reasons are summarized
as follows. First, the cleavage needs two purified ZFN proteins
active in a cell simultaneously. They must penetrate cell mem-
branes and enter the cell nucleuses to identify the BLG gene.
Meanwhile, both of them must keep activity and produce DSBs
in the targeted gene, and then the BLG gene will produce mutation
through NHE]J pathway. So some proteins may not reach the tar-
geted location to cleave the targeted gene BLG and induce the
mutation during this process. And the activities of some proteins
decrease in this process, which also limits the cleavage frequency.
Second, we have tried to optimize the experiments to increase the
cutting efficiency in fibroblast cells by increasing the amount of
proteins or treating time. But as the amount of purified fusion pro-
tein increased, direct application of excessive amounts of ZFN pro-
teins generally resulted in protein precipitation and led to a lot of
dead cells during the experiment. Similarly, prolonging treating
time still cannot improve the cutting efficiency. The similar experi-
mental results have been also obtained from the previous research
[25], in which incubation with the human CCR5 ZFN proteins

achieved a high efficiency of gene disruption when the treatment
time was 1h and extended periods of incubation (>60 min) did
not increase the frequency of genome modification. The possible
reason may be that the amount of ZFN proteins entering the cells
reaches its peak within 1 h and the specific mechanism need to
be investigated in the future studies. Finally, we decided to choose
1 h as the treatment time.

The gene-modified goat fibroblast cells can be converted to clo-
nal cell clusters by limiting dilution and the clonal cell clusters can
be used as donor cells for somatic cell nuclear transfer (SCNT) to
produce transgenic goats [15,41], which has significance for BLG
free goats’ production and milk products improvement.

In conclusion, induction temperature and time were optimized
in the expression process of ZFN proteins and the 6x His-tagged
ZFNs were purified from BL21 (DE3) by using Ni-IDA-Sefinose
Column. Furthermore, cleavage activities of the purified ZFN pro-
teins both in vitro and in cells were detected. The results demon-
strated that the purified ZFN proteins can be used as gene
modification tools to knock out the BLG gene in goat fibroblasts.
This gene-free delivery system has a great potential for BLG free
goats’ production as the targeted modification cells can be used
for SCNT. Our investigation lays the foundation to improve milk
qualities and properties.
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