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In the present study, we used a phage display technique to screen differentially expressed proteins from
zebrafish post-gastrula embryos. With a subtractive screening approach, 6 types of single-chain Fv fragments
(scFvs) were screened out from an scFv antibody phage display library by biopanning against zebrafish em-
bryonic homogenate. Four scFv fragments (scFv1, scFv3, scFv4 and scFv6) showed significantly stronger bind-
ing to the tailbud embryos than to the 30%-epiboly embryos. A T7 phage display cDNA library was constructed
from zebrafish tailbud embryos and used to identify the antigens potentially recognized by scFv1, which
showed the highest frequency and strongest binding against the tailbud embryos. We acquired 4 candidate
epitopes using scFv1 and the corresponding genes showed significantly higher expression levels at tailbud
stage than at 30%-epiboly. The most potent epitope of scFv1 was the clone scFv1-2, which showed strong ho-
mology to zebrafish myristoylated alanine-rich C-kinase substrate b (Marcksb). Western blot analysis con-
firmed the high expression of marcksb in the post-gastrula embryos, and the endogenous expression of
Marcksb was interfered by injection of scFv1. Zebrafish marcksb showed dynamic expression patterns during
embryonic development. Knockdown ofmarcksb strongly affected gastrulation movements. Moreover, we re-
vealed that zebrafishmarcksb is required for cell membrane protrusion and F-actin alignment. Thus, our study
uncovered 4 types of scFvs binding to zebrafish post-gastrula embryos, and the epitope of scFv1 was found to
be required for normal gastrulation of zebrafish. To our knowledge, this was the first attempt to combine
phage display technique with the embryonic and developmental study of vertebrates, and we were able to
identify zebrafish marcksb that was required for gastrulation.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Zebrafish have proven to be an excellent animal model of verte-
brate developmental studies (Key and Devine, 2003). The gastrulation
of vertebrates involves both massive cell differentiation and dynamic

cell movements (Solnica-Krezel, 2006). Previous reports have shown
that the ability to undergo developmental programmed cell death
and induced apoptosis is acquired no earlier than the gastrula stage
(Greenwood and Gautier, 2005). The early embryo is sensitive to the
toxicity and subject to phenotypic abnormalities (Gurdon and Byrne,
2004). In addition, our previous studies demonstrated that the devel-
opmental failure of nuclear transferred embryos often occurs at the
transition between the blastula and post-gastrula stages (Luo et al.,
2009; Pei et al., 2007; Sun et al., 2005). All these facts indicate that var-
ious developmentally critical genes are expressed during the gastrula-
tion of zebrafish. For this reason, we decided to isolate gastrulation-
related proteins using a high-throughput screening technique.

High-throughput screening techniques, such as subtractive hybridiza-
tion, differential display, and microarray technology, can produce results
at the level of DNA or mRNA sequence (Donson et al., 2002; Linney et
al., 2004; Sargent and Dawid, 1983; Stanton, 2001). The so-called
post-genomic era calls for further approaches at the protein level (Ko,
2001). Phage display techniques can be used to express peptides, pro-
teins, and antibody fragments at the surfaces of phage particles. This sys-
tem can be used for large-scale studies and the selection of proteins based
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on their binding and specificity. These techniques have been used in
many different fields because of their speed and sensitivity (Burton,
1995; Clackson and Wells, 1994; Koohapitagtam et al., 2010; Scott and
Smith, 1990; Sidhu, 2000; Smith, 1985; Winter et al., 1994; Zou et al.,
2004). An advantage of phage display is the enormous diversity of variant
proteins that can be represented. For instance, phage display antibody li-
braries with levels of diversity as high as 1010 are routinely constructed
(Clackson et al., 1991). In addition, a phage display library is usually
constructed by inserting DNA fragments into phage or phagemid ge-
nomes and the corresponding proteins are expressed on the phage coat.
This creates a direct physical link between the DNA sequences and their
encoding proteins (Paschke, 2006). In previous reports, phage display
technology has been used to produce specific antibodies capable of recog-
nizing different cells, tissues, and organs (Deflorian et al., 2009; Kemp et
al., 2002; Sche et al., 1999), or utilized for fragment-based ligand discov-
ery (Erlanson, 2007). In the present study, by using a subtractive
biopanning method, we tried to produce specific phage-displayed scFv
antibodies capable of distinguishing the homogenate of zebrafish embry-
os at tailbud stage from the embryos at 30%-epiboly stage. We then
attempted to use one scFv antibody showing higher binding to tailbud
embryos, to isolate certain interacting epitopes using a T7 cDNA phage
display library from zebrafish tailbud embryos. Fortunately, we have
characterized zebrafish marcksb by this method and showed marcksb is
necessary for normal gastrulation of zebrafish.

2. Material and methods

2.1. Zebrafish

Mature zebrafish (from the China Zebrafish Resource Center) were
maintained at 28 °C with a photoperiod of 14 h light and 10 h dark in
an aquarium supplied with fresh water and aeration. Embryos were
produced using standard procedures and staged according to standard
criteria (hours post fertilization, hpf) (Kimmel et al., 1995). All the an-
imals used in the study were cared for in accordance with the Institu-
tional Animal Care and Use Committee of Institute of Hydrobiology,
Chinese Academy of Sciences.

2.2. Biopanning and production of soluble scFv antibodies against
zebrafish homogenates

A single-chain Fv (scFv) antibody phage display library was con-
structed and isolated as described in our previous study (Dai et al.,
2003), except the mice were immunized with combined homogenate
of zebrafish embryos at tailbud and 30%-epiboly stages. The scFv an-
tibody phage display library was incubated with the homogenate
of zebrafish 30%-epiboly embryos, to absorb the antibodies which
could bind to the proteins present in the embryos at 30%-epiboly.
They were then added to the Nunc immuno test tube, which had
been coated with zebrafish homogenate at tailbud stage. After three
rounds of biopanning, we examined whether certain populations of
phagesmight be enriched during these biopanning procedures by per-
centage recovery. The colonies from the 3rd round were inoculated
and amplified. The nucleotide sequences of the scFvs were detected
using the primers of pCANTAB-S6 (5′-GTA AAT GAA TTT TCT GTA
TGA GG-3′) and pCANTAB-R1 (5′-CCA TAG TTA CGC CAA GCT TTG
GAG CC-3′). They were inoculated into a 96 well plate with 400 μl of
2 × YT-AG overnight at 37 °C with shaking at 150 rpm. Four hundred
microliters of 2 × YT-AGwas pipetted into eachwell in a fresh 96 well
plate. Then 40 μl of overnight culture was transferred to correspond-
ing well in new plate and incubated at 30 °C for 2 h. The plate was
centrifuged at 1500 ×g for 20 min at room temperature (Eppendoff
centrifuge 5801R) and the supernatant was carefully removed. Then
400 μl of 2 × YT-AI was added to each well and the plate was incubat-
ed 3 h at 30 °C in a humidified incubator. The plate was centrifuged as
described above. Then 320 μl of each supernatant (containing scFv

antibodies) was carefully transferred to a corresponding well in a
new 96 well plate.

2.3. Binding assay of scFv antibodies with enzyme-linked immunosorbent
assay (ELISA)

A 96-well ELISA plate was coated alternately with the homogenate
of zebrafish tailbud embryos and 30%-epiboly embryos at 4 °C. The fol-
lowing day, the coatedwells were blockedwith 4% skimmilk in PBS and
added with the supernatant containing scFvs. The binding of the scFv
antibodies was detected using the mouse monoclonal antibody of
HRP/anti-E Tag conjugate (Amersham Pharmacia Biotech Ltd., U.K.). Fi-
nally, an ABTS substrate solution (Sigma, Taufenstein, Germany) was
used for the color reactionwith peroxidase and the absorbance was de-
termined at 405 nm. One-way ANOVA was used to analyze the absor-
bance values of two stages. P value b 0.05 was regarded as statistically
significant.

2.4. Periplasmic expression of soluble antibody fragments

The periplasmic extract soluble scFvs were produced and isolated
as previously reported (Xiao et al., 2006). The interested colony,
scFv1, was inoculated into 50 ml of 2 × YT-AG overnight at 30 °C
with shaking at 200 rpm. The mixture was allowed to culture over-
night and then transferred to 500 ml of 2 × YT-AG. The culture was
centrifuged at 1500 ×g for 20 min at room temperature. The superna-
tant was discarded and the sediment cells were resuspended in
500 ml 2 × YT-AI. They were incubated overnight at 30 °C with shak-
ing at 200 rpm. After centrifugation at 1500 ×g for 20 min, cell pellets
obtained from 500 ml overnight culture volumes were resuspended
in 10 ml ice-cold TES (0.2 M Tris–HCl, 0.5 mM EDTA, 0.5 M sucrose,
pH 8.0), followed by addition of 16.5 ml ice-cold 1:4 water-diluted
TES. The suspension was incubated for 30 min on ice and then
centrifuged at 1500 ×g for 10 min. The supernatant that contained
periplasmic soluble antibody fragments was collected and transferred
to a clear container and stored at −70 °C. The scFv2, which was used
as a control in this study, was produced using the same methods.

2.5. Construction and biopanning of T7 cDNA phage display library

Total RNA was extracted from zebrafish at the tailbud stage using
SV total RNA kits (Promega, U.S.), and poly A+ mRNA was isolated
by polyATract mRNA Isolation System III and IV (Promega, U.S.). A di-
rectional cDNA library was established using a Directional RH Random
Primer cDNA Synthesis Kit and T7Select 10 Cloning Kit (Novagen, WI,
U.S.). Ligation efficiencies were evaluated using a small aliquot of
the packaged phage and a total of 1.72 × 107 pfu/ml (plaque forming
units per milliliter). These initial transformants were subjected to
one amplification step by infecting log phase BLT5403 cells, providing
a zebrafish T7 cDNA phage display library with an overall titer
of 5.16 × 1011 pfu/ml. The library was stored in aliquots (100 μl) at
−70 °C as 8% glycerol stocks. The T7 cDNA phage display library was
biopanned with periplasmic soluble scFvs captured by anti Etag anti-
body. A 96-well ELISA plate (Nunc, Rochester, NY) was coated with
anti Etag antibody, and added with periplasmic extract soluble scFvs.
The plate was blocked with 3% PBS-BSA and washed several times
with PBS. The wells were coated with anti Etag-scFv complex and in-
cubated with 108 pfu/ml phages in Tris-buffered saline (TBST). The
bound phages were amplified directly in situ by exposure mid-log
phase to E. coli BLT5403 for 1 h at room temperature. The contents
were transferred into L-broth supplemented with 50 mg/ml carbeni-
cillin for further culture, and the phages were grown until lysis oc-
curred. Phage lysate was then diluted for subsequent biopanning.
The entire procedure was repeated 6 times. To determine the enrich-
ment effect of biopanning, phage lysate containing selected populations
of phages from each round of biopanning were used as templates for
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