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Abstract 

Background:  Cell surface display system allows for endowing functional proteins expressed on bacterial surface by 
fusing different anchor proteins. Among PgsA, Blc, and Omp anchor, the antigen 43 (Ag43)-mediated surface display 
is a novel system in Escherichia coli. Here, we have demonstrated the red fluorescent protein (RFP) and cellulase (EC 
3.2.1.4) on the cell surfaces at two different fusion sites in Ag43.

Results:  We introduced two fusion sites which are unstructured domain (52–138 aa) and autochaperone domain 
(600–700 aa) at N-terminal for passenger proteins. As a result, the surface-displayed RFP expressed in plasmid pET28a, 
but the intracellular RFP expressed more than the surface-displayed RFP. Improved display efficiency of Ag43 was 
present when fusing at the site of the 138th amino acid (aa) compared to fusing at the site of the 700th aa. For endo‑
glucanase, whole-cell surface-displayed Ag43-138-BsCel5 showed the highest specific activity which was 4.65-fold 
of BsCel5. Cell-displayed cellulase preserved residual activity ranging from 78% to 38% at temperatures from 55 °C to 
80 °C, respectively.

Conclusions:  This study is to demonstrate the novel surface display system of Ag43 in E. coli by targeting two dif‑
ferent proteins RFP and BsCel5 that were successfully displayed on the cell surfaces at two different fusion sites. The 
Ag43 system displays surface heterologous proteins and is a potential whole-cell catalyst in the bioconversion of 
cellulose.
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Introduction
Cell surface display systems enable recombinant proteins 
to be displayed on the surface of microorganisms to bind 
external substrates and protect cells from membrane 
penetration of substrates. These functions allow cell sur-
face display systems to be involved in applications such 
as high-throughput screening (Becker et al. 2007; Boder 
and Wittrup 1997), and whole-cell biocatalyst reactions 
(Muñoz-Gutiérrez et  al. 2012, 2014; Tanaka et  al. 2014; 
Zheng et  al. 2012). Moreover, cell-surface engineer-
ing is a new era of combinatorial bioengineering for 

biotechnology which has been successfully used by yeast 
(Kondo and Ueda 2004). On the other hand, E. coli is 
the most widely used microorganism because of its easy 
genetic manipulation and rapid growth with high yield 
of heterologous proteins. To export passenger proteins 
to the cell surface, there are a variety of anchor proteins 
being developed for surface display, which include outer 
membrane proteins (e.g., OmpA, PgsA) (Verhoeven et al. 
2009), surface appendages (e.g., Flagellin) (Westerlund-
Wikström et al. 1997), ice nucleation protein (INP) (Yim 
et  al. 2010), and auto-transporters (ATs), such as anti-
gen 43 (Ag43) (Henderson and Owen 1999; Kranen et al. 
2014; Lee et al. 2013).

The cell surface display based on ATs has been reported 
to be one of the most attractive systems for the large 
and complex proteins (van Bloois et al. 2011). ATs are a 
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family of bacterial proteins composed of an N-terminal 
passenger domain and a C-terminal β-barrel-forming 
domain that is integrated into the outer membrane and 
therefore facilitates the surface display of the passen-
ger domain (Jose 2006). Cell surface display based on 
ATs has been reported to be one of the most attractive 
systems for displaying large and complex proteins (van 
Bloois et al. 2011). For example, the IgE Fcε3 domain was 
integrated into Ag43 and displayed on the surface of E. 
coli Tan109, with regard to a potential model for asthma 
and other allergic diseases treatment (Huang et al. 2014). 
The β-glucosidase (BglC) was also displayed on the E. 
coli MS04 by Ag43 system, and successfully fermented 
cellulosic materials in the simultaneous saccharification 
and fermentation (SSF) process (Muñoz-Gutiérrez et  al. 
2014). AT systems are considered to have some striking 
advantages compared to other surface display systems: a 
higher number of recombinant proteins can be displayed 
at the cell surface without reducing cell viability; the 
β-barrel is freely mobile while serving as an anchor for 
the recombinant protein within the outer membrane; and 
an inorganic prosthetic group can be incorporated in an 
expressed apo-protein (Jose 2006).

Since 2016, there are 212 reports found from the Sci-
finder database with the keyword “Ag43”; however, only 
few reports are found with the keyword of “surface dis-
play.” Thus, Ag43 has a great potential as a protein dis-
play system (Woude and Henderson 2008). It has been 
shown that both two fusion types (i.e., 138th aa and 
700th aa) can yield stable surface display, but perform 
with different efficiencies (Ramesh et al. 2012). Therefore, 
we constructed two types of plasmids for fusion of dif-
ferent target proteins [i.e., red fluorescent protein from 
Discosoma striata (RFP), and endoglucanase from Bacil-
lus subtilis (BsCel5)] at both sites. Here, we adopted two 
different fusion sites and two different target proteins 
to study the function of Ag43 as a novel surface display 
system.

Materials and methods
Materials, strains, plasmids, and gene sources
Bacterial strains, plasmids, and primers are shown 
in Table  1. Reagents used for plasmids construction 
including Ex-Taq polymerase, PCR-grade dNTPs, 
restriction enzymes, T4 ligase, and DNA ladder mark-
ers were purchased from Takara (Japan), while Phusion 
polymerase used for prolonged overlap extension PCR 
(POE-PCR) was obtained from NEB (USA). All DNA 

manipulations were performed according to standard 
protocols. PCR products and restriction-digested DNA 
were purified using PCR clean-up and gel-extraction 
kits (GeneDirex, USA). The plasmids were isolated 
using Plasmid Extraction Mini Kit (Favorgen, Taiwan). 
Genomic DNA was isolated from 5 mL cells (overnight 
culture at 37  °C in LB broth) using a bacteria genomic 
DNA miniprep Kit (Axygen, USA). Recombinant colo-
nies grown on LB plates with appropriate antibiotics 
were confirmed by colony PCR. All the constructive 
plasmids were presented in Fig.  1. The gene sequence 
encoding Ag43 (GenBank: AAT48141.1) was amplified 
from E. coli MG1655 (ATCC: 47076). The genes encod-
ing the mutant red fluorescent protein (RFP) from Dis-
cosoma striata (iGEM: BBa_E1010) and endoglucanase 
from Bacillus subtilis (BsCel5) (GenBank: CAA97610.1) 
were amplified using pSB1C3-RFP (iGEM: BBa_J04450) 
and the Bacillus subtilis genome (ATCC: 23857) as 
templates, respectively.

Construction plasmids by ligating two digested fragments
Plasmids, pET28a-RFP and pET28a-Ag43, were con-
structed via DNA manipulation, double restric-
tion-enzyme digestion, purification, ligation, and 
transformation into E. coli DH5α for plasmid propaga-
tion. The Ag43 fragment was digested with EcoRI and 
HindIII, while RFP fragment was digested with XhoI and 
BamHI, respectively. The two fragments were ligated into 
the pET28a which was digested with the same restriction 
enzymes to obtain plasmids, pET28a-Ag43 and pET28a-
RFP, respectively.

Construction of plasmids by POE‑PCR
We attempted to construct other plasmids using the 
method named prolonged overlap extension PCR (POE-
PCR) (You and Zhang 2014). In detail, the insertion frag-
ment and the linearized vector with two overlap ends 
were generated by high-fidelity PCR using NEB Phusion 
polymerase. Then the multimerization process of puri-
fyng the above two PCR fragments with equimolar DNA 
was conducted using the method of POE-PCR without 
adding any primers. The resulting constructed plasmids 
were directly transformed into E. coli BL21 (DE3). A 
total of 4 vectors named pET28a-Ag43-138 or pET281-
Ag43-700 were also constructed using the method of 
POE-PCR wherein passenger proteins RFP or BsCel5 are 
inserted within signal peptides of Ag43 and the C-termi-
nal fragments 138–1039 aa of Ag43 (Fig. 1).
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Cultivation conditions and induction
A 1% (v/v) precultured broth was transferred into fresh 
Luria–Bertani (LB) with 50 μg/mL kanamycin and grown 
at 37 °C with constant shaking at 200 rpm until OD600 nm 
is equal to 0.6–0.8. Afterward, cells harboring plasmids 
that used the T7 promoter were induced with 0.1  mM 
isopropyl β-d-thiogalactoside (IPTG), and the cultivation 
temperature was decreased to 22  °C for the subsequent 
16 h.

The whole‑cell protease treatment and SDS‑PAGE analysis
The whole-cell protease treatment was originally 
described by Maurer et al. (1997). Two milliliters of cell 
culture (OD600  nm of 4) was concentrated in a 1.5  mL 
microcentrifuge tube by centrifugation at 10,000×g for 
10  min, and the cell pellet was washed twice with 1  ml 
phosphate-buffered saline (PBS, pH = 7.4). The cell pel-
let was resuspended in 950 μL PBS, and 50 μL of 10 g/L 
trypsin was added. After 60 min of incubation at 37  °C, 

Table 1  Strains, plasmids, and primers used in this study

a  Restriction sites are underlined

Strains and plasmids Relevant genotypes and descriptions Source

Strains

 E. coli DH5α F− endA1 glnV44 thi-1 recA1 relA1 gyrA96 deoR nupG Φ80dlacZΔM15 Δ(lacZYA-argF)U169, 
hsdR17(rK

− mK
+), λ–

Lab stock

 E. coli BL21 (DE3) F– ompT gal dcm lon hsdSB(rB
− mB

−) λ(DE3 [lacI lacUV5-T7 gene 1 ind1 sam7 nin5]) Lab stock

 E. coli MG1655 Genomic DNA was prepared for sequence encoding Ag43 PCR-amplification. Lab stock

Plasmids

 pET28a KanR, f1, pBR322, PT7 Lab stock

 pSB1C3-RFP CmR, pMB1, PlacI, RFP Lab stock

 pET28a-BsCel5 KanR, f1, pBR322, PT7, BsCel5 Lab stock

 pET28a-Ag43 KanR, f1, pBR322, PT7, Ag43 This study

 pET28a-Ag43-138-RFP KanR, f1, pBR322, PT7, Ag43-138-RFP This study

 pET28a-Ag43-700-RFP KanR, f1, pBR322, PT7, Ag43-700-RFP This study

 pET28a-RFP KanR, f1, pBR322, PT7, RFP This study

 pET28a-Ag43-138-BsCel5 KanR, f1, pBR322, PT7, Ag43-138- BsCel5 This study

 pET28a-Ag43-700-BsCel5 KanR, f1, pBR322, PT7, Ag43-700- BsCel5 This study

Primers Sequence (5′–3′)a

Ag43-MG1655-EcoRI-F TGGAA​TTC​ATG​AAA​CGA​CAT​CTG​AAT​ACC​TGC​T

Ag43-MG1655-HindIII-R AGAAG​CTT​TCA​GAA​GGT​CAC​ATT​CAG​TGT​GGC​CT

Ag43-RFP-IF CAC​GTC​ACT​CCC​GGT​GCT​GGC​TGC​TAT​GGC​TTC​CTC​CGA​AGA​CGT​TAT​C

Ag43-RFP-138-IR CAG​CCC​GTC​CCT​GAA​GGC​TCT​GTC​CAG​CAC​CGG​TGG​AGT​GAC​GAC​CTT​C

Ag43-RFP-138-VF GAA​GGT​CGT​CAC​TCC​ACC​GGT​GCT​GGA​CAG​AGC​CTT​CAG​GGA​CGG​GCT​G

Ag43-RFP-VR GAT​AAC​GTC​TTC​GGA​GGA​AGC​CAT​AGC​AGC​CAG​CAC​CGG​GAG​TGA​CGT​G

Ag43-RFP-700-IR CTG​CAC​GAT​AAG​CAT​TTT​CAC​TGC​GAG​CAC​CGG​TGG​AGT​GAC​GAC​CTT​C

Ag43-RFP-700-VF GAA​GGT​CGT​CAC​TCC​ACC​GGT​GCT​CGC​AGT​GAA​AAT​GCT​TAT​CGT​GCA​G

RFP-XhoI-F GACTC​GAG​AGC​ACC​GGT​GGA​GTG​ACG​ACCTT​

RFP-BamHI-R CAGGA​TCC​ATG​GCT​TCC​TCC​GAA​GAC​GTT​ATC​

Ag43-Cel5-IF CAC​GTC​ACT​CCC​GGT​GCT​GGC​TGC​TAT​GGC​AGG​GAC​AAA​AAC​GCC​AGT​AG

Ag43-Cel5-138-IR CAG​CCC​GTC​CCT​GAA​GGC​TCT​GTC​CAT​TTG​GTT​CTG​TTC​CCC​AAA​TCA​GT

Ag43-Cel5-138-VF ACT​GAT​TTG​GGG​AAC​AGA​ACC​AAA​TGG​ACA​GAG​CCT​TCA​GGG​ACG​GGC​TG

Ag43-Cel5-VR CTA​CTG​GCG​TTT​TTG​TCC​CTG​CCA​TAG​CAG​CCA​GCA​CCG​GGA​GTG​ACG​TG

Ag43-Cel5-700-IR CTG​CAC​GAT​AAG​CAT​TTT​CAC​TGC​GAT​TTG​GTT​CTG​TTC​CCC​AAA​TCA​GT

Ag43-Cel5-700-VF ACT​GAT​TTG​GGG​AAC​AGA​ACC​AAA​TCG​CAG​TGA​AAA​TGC​TTA​TCG​TGC​AG
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the reaction was stopped and was followed by washing 
the cells twice with 1 mL phosphate salt buffer (PBS). The 
cell pellet was then resuspended in 1  mL PBS. Finally, 
samples were stored for subsequent SDS-PAGE analysis 
with 10% (w/v) and 4% (w/v) concentrations as separating 
and stacking gels, respectively. Tris–glycine buffer (pH 
8.3) containing 0.1% SDS was used as electrode buffer. 
Samples with the same concentration were suspended in 

protein buffer containing 1% SDS and 5 mM mercaptoe-
thanol, and heated at 100  °C for 10  min before loading 
onto the gel. Electrophoresis was conducted at a constant 
current of 20 mA per slab at room temperature in a Bio-
rad mini gel electrophoresis unit. Separated proteins on 
SDS-PAGE were visualized by staining with Coomassie 
blue R-250, and then using Image scanner.

Fig. 1  Maps of recombinant plasmids in this study. a pET28a-Ag43-138-RFP b pET28a-Ag43-138-BsCel5 c pET28a-Ag43-700-RFP d 
pET28a-Ag43-700-BsCel5 e pET28a-Ag43 f pET28a-BsCel5
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Detection of BsCel5 activity on plates using congo red 
staining
The activity of E. coli strain BL21 (DE3) carrying recom-
binant BsCel5 can be detected on LB plates containing 
10 g/L carboxymethyl cellulose (CMC), 50 μg/mL kana-
mycin resistance, and 0.1 mM IPTG (Ng et  al. 2009). A 
2 μL drop of overnight culture was added onto the sur-
face of the CMC-LB plate described above and incu-
bated at 37 °C for 12 h followed by incubation at 55 °C for 
another 2  h. Plates were then immersed in 2  g/L congo 
red for 30 min and de-stained by washing twice with 1 M 
NaCl for total 30 min.

The whole‑cell activity assay for BsCel5
The whole-cell activity was done as reported previously 
with some modifications (Ng et al. 2013). A 300-μL reac-
tion mixture (270 μL of 50  mM sodium acetate buffer 
(pH 5.5) containing 10 g/L CMC and 30 μL of cell culture 
(OD600 nm of 2) was incubated at 55 °C for 15 min. For 
thermostability, enzymes were preheated at 55 °C to 80 °C 
for 1  h. The hydrolysis activity was determined by the 
reducing sugars released from the reaction, which was 
measured using the dinitrosalicylic acid (DNS) method 
(Miller 1959). In brief, the supernatant of the reaction 
mixtures (200 μL) was mixed with the same volume of 
DNS reagent and maintained in a boiling water bath for 
10 min. The solutions were cooled at room temperature 

immediately, and color intensity measurement at 540 nm 
was then performed.

Results and discussion
The target proteins fused at the 138th aa and the 700th aa 
of Ag43
Ag43 is composed of a signal peptide (1–52 aa), a N-ter-
minal unstructured passenger (53–137 aa), a linker (138–
600 aa), a putative auto-chaperone (600–700 aa), and a 
C-terminal β-barrel pore (701–1039 aa) (Fig. 2a) (Ramesh 
et al. 2012). The signal peptide, which is cleaved and left 
in the inner membrane, enables Ag43 to reach and fold 
in the periplasm. Subsequently, the β-barrel domain inte-
grates into the outer membrane where it forms a pore; 
the passenger domain translocates through this pore to 
the cell exterior (Kjaergaard et al. 2000). The signal pep-
tide and C-terminal β-barrel pore are necessary in this 
translocation process, while the other domains would not 
be replaced. Thus, we constructed two types of plasmids 
for the fusion of target proteins at two different sites (i.e., 
the 138th aa and the 700th aa). The plasmid named Ag43-
138 inserted a passenger protein through genetic replace-
ment of 53–137 aa and kept the other domains intact, 
whereas the plasmid named Ag43-700 inserted a pas-
senger protein through genetic replacement of 53–699 aa 
(Fig. 2b). All the transformants are successful which pre-
sented on the surfaces of LB plates (Fig. 3a), as confirmed 
by PCR and shown in Fig. 3b.

Surface display confirmation by whole‑cell trypsin 
treatment
Trypsin cleaves proteins on the C-terminal side of lysine 
and arginine amino acid residues. Therefore, by taking 
advantage of this mechanism, proteins attached to the 
cell service with extracellular exposure can be removed 
using trypsin (Maurer et  al. 1997). Figure  4a shows the 
SDS-PAGE analysis for trypsin-treated and untreated 
whole cells expressing Ag43-138-RFP and Ag43-700-RFP. 
In contrast to the bands of untreated cells, the SDS-PAGE 
bands of trypsin-treated cells were much thinner. These 
data confirmed that cells carrying pET28a-Ag43-138-RFP 
and pET28a-Ag43-700-RFP both produced surface-dis-
played RFP. Moreover, cells carrying pET28a-Ag43-138-
RFP produced more protein exposed on the cell surface 
than that of cells carrying pET28a-Ag43-700-RFP.

Whole cells with intracellular BsCel5 (pET28a-BsCel5) 
showed no differences between trypsin-treated and 
untreated groups. However, there was an appreciably 
thinner band in trypsin-treated cells carrying pET28a-
Ag43-138-BsCel5 compared with untreated cells; trypsin 
treatment had no effect on cells carrying pET28a-Ag43-
700-BsCel5 (Fig.  4b). Therefore, pET28a-Ag43-138-Bs-
Cel5 produced more protein exposed on the cell surface 

Fig. 2  Schematic representation of the composition of Ag43 
and the different fusion sites. a Signal peptide, passenger, linker, 
autochaperone, and β-barrel domain are indicated in yellow, red, 
green, purple, and blue, respectively. b Presentation of two different 
fusion positions (the 138th aa and the 700th aa) of Ag43 where the 
passenger proteins fused
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than that of pET28a-Ag43-700-BsCel5, which is in agree-
ment with our RFP results. Thus, the fusion site at the 
138th aa was superior to the 700th aa in terms of cell 
surface display. This finding may be explained by the fact 
that protein translocation and folding may be enhanced 
when the proteins are fused at the 138th aa (Ag43-138), 
as the fragments of 138–1039 aa are unchanged and con-
tain intact linker and auto-chaperone domains.

Can the cell turn red by displaying RFP fused to Ag43?
Fluorescent proteins are used to quickly estimate the 
efficiency of a display system because they are easily 

expressed and can be observed from the color of the cell 
(Kan et  al. 2015). As shown in Fig.  3a, RFP expressions 
are ranking in the order of pET281-Ag43-700-RFP (i.e., 
67  kDa) > pET28a-RFP (i.e., 32  kDa) > pET28a-Ag43-
138-RFP (i.e., 124  kDa). The protein is soluble (S) in 
the expression via used pET28a. By surface display in 
Ag43, proteins are dominating in the pellet (P) or on 
cell surface which has already proofed by trypsin diges-
tion (Fig.  4). The proteins on the cell surface showed 
a decreased fluorescence compared to that in the sol-
uble protein. Thus, cell color followed the order of 

Fig. 3  Photographs of transformants on LB plates and confirmation by PCR. a CFU on plate of different genetic E. coli: (1) pET28a-Ag43-138-RFP, 
(2) pET28a-Ag43-700-RFP, (3) pET28a-Ag43-138-BsCel5 and (4) pET28a-Ag43-700-BsCel5.b PCR confirm of pET28a-Ag43 (3120 bp) on left, 
pET28a-Ag43-700-RFP and pET28a-Ag43-138-RFP (RFP is 675 bp) in the middle, and pET28a-Ag43-138-BsCel5 and pET28a-Ag43-700-BsCel5 (BsCel5 
is 1413 bp) on right
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pET28a-RFP > pET28a-700-RFP > pET28a-Ag43-138-RFP 
(Fig.  3b). RFP expression of pET28a-700-RFP is more 
than that of pET28a-Ag43-138-RFP, thus cells expressing 
RFP display deeper red color (Fig.  5). Because the fluo-
rescent protein is easily reduced by the other materials 

in the extracellular environment and, as a result, loses its 
fluorescence on the cell surface (Yang et al. 1996).

The cellulase activity of BsCel5 fused to Ag43
BsCel5 was used to estimate the efficiency of our Ag43-
mediated surface display system. The obvious hydro-
lytic zones on CMC-congo red plates are shown for the 
fusion plasmids (pET28a-Ag43-138-BsCel5 and pET28a-
Ag43-700-BsCel5) and for intracellular BsCel5 (pET28a-
BsCel5) (Fig.  6A). The hydrolytic zones of intracellular 
BsCel5 were smaller than those of the surface-displayed 
BsCel5 on agar plates. Thus, Ag43 is a promising cell dis-
play system for cellulases, as BsCel5 on the cell surface 
that more readily contacted the external environment 
was more direct than BsCel5 not displayed on the sur-
face. The contact area of an enzyme and its substrate is 
fixed when the former is displayed on the cell surface, 
thereby accelerating the interaction between substrates 
and displayed enzymes.

Whole-cell activity was also measured and is shown 
in Fig. 6B. The sample of Ag43-138-BsCel5 obtained the 
highest specific activity, which was 4.65 times of cells 
containing intracellular BsCel5. On the other hand, the 
activity of cells containing Ag43-700-BsCel5 was 1.77 
times of cells containing intracellular BsCel5. In addi-
tion, all the recombinant BsCel5 are thermal stable. At 
temperatures ranging from 55 to 60 °C, surface-displayed 
cellulase (pET28a-Ag43-138-BsCel5) shows a higher 
activity than that of intracellular cellulase (BsCel5). At 
higher temperatures (up to 79.5 °C), the displayed BsCel5 
decreased to 38% residual activity, while BsCel5 pre-
serves 55.2% residual activity (Fig. 6C). It is because the 
BsCel5 on the cell surface contacted the external environ-
ment more directly and became more unstable.

The whole-cell catalyst has been developed by 
expressing the endoglucanase (Cel5A), exoglucanase 
(Cel9E), and β-glucosidase (BGL) from Clostridium 
cellulolyticum on the cell surface of E. coli via the 
co-displaying by three cellulases fusing with PgsA 
separately or positional assembly by outer membrane 
vesicles (OMV) (Ryu and Karim 2011; Park et al. 2012). 
Moreover, the cellulase was also displayed in another 
strain, Zymobacter palmae (Kojima et al. 2012). Cellu-
lase-mediated biodegradation of cellulose is one prom-
ising approach in global carbon recycling (Ng et  al. 

Fig. 4  Whole-cell protease treatment analysis. a The whole-cell 
SDS-PAGE analysis of protease treatment (+) and non-treatment (−) 
for RFP. b The whole-cell SDS-PAGE analysis of protease treatment (+) 
and non-treatment (−) for BsCel5. M indicates a protein marker. The 
red arrows and boxes indicate the recombinant proteins
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2010, 2011), and this biodegradation is also a potential 
consolidated bioprocessing (CBP) platform for effec-
tive production of biocommodities (Arora et al. 2015; 
Liao et al. 2011; Obeng et al. 2017). Therefore, BsCel5 
surface display by Ag43 may be a new approach for 
whole-cell catalysis and CBP in the future.

Conclusion
We successfully expressed targeted passenger proteins dis-
played on the cell surface of E. coli by means of Ag43. The 
fusion site at the 138th aa was better for surface display of 
target proteins than the site at the 700th aa. Thus, the Ag43 

Fig. 5  a SDS-PAGE analysis and cell pellets of recombinant RFP. pET28a-Ag43-138-RFP (lanes 1–4), pET28a-Ag43-700-RFP (lanes 5–8), and 
pET28a-RFP (lanes 9–11) were analyzed by SDS-PAGE. The red arrows indicate the recombinant proteins. M indicates a protein marker. W, PP, S, and P 
indicate whole cell, periplasm, supernatant, and pellet, respectively. b The performance of cell surface display for RFP. The cells carrying recombinant 
plasmids pET28a-Ag43-138-RFP, pET28a-Ag43-700-RFP, and pET28a-RFP could turn red
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fragment of 138–700 aa may be critically important for the 
translocation process. Moreover, this is the first attempt to 
explore the bioconversion of cellulose by surface display of 
cellulase (BsCel5) via an Ag43-mediated system which is a 
simple and cost-effective strategy for cellulosic biorefinery 
in the future.
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