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ABSTRACT
Adiponectin is a polypeptide specifically secreted from human adipocytes, and its deficiency is closely linked to increased obesity and type
II diabetes. There is an urgent demand for large-scale production of human adiponectin for pharmaceutical applications. Here, we report
that we have successfully obtained a high-level of expression of modified genes encoding human adiponectin in transgenic rice. The 735
bp cDNA of the native human sequence was adopted to rice codon usage, fused to the translation initiation sequence in the N terminus
and to the KDEL signal sequence in the C terminus. An amplification promoting sequence acting as an enhancer of transcription was also
introduced to enhance gene expression. The presence of the transgene and mRNA transcripts was confirmed by PCR, Southern blot and
RT-PCR. Western blot analysis revealed that a protein of approximately 30 kDa was produced in rice leaves. ELISA analysis was used to
determine the amount of recombinant adiponectin in transformants with the modified gene in up to 0.32% of total soluble leaf protein. Our
results establish the feasibility of high-level expression of recombinant human adiponectin in transgenic rice.
Key terms: human adiponectin, transgenic rice, modified gene, anti-diabetic.

INTRODUCTION

Diabetes has become a global health problem and is rapidly
developing into a leading cause of human mortality and
morbidity. It is estimated that the number of adults with
diabetes worldwide will almost double over the next 25 years,
from approximately 171 million in 2000 to 366 million by 2030
(Chaturvedi, 2007). Therefore, addressing this severe disease is
of great importance for human health.
Adiponectin is a 244 amino acid polypeptide produced
solely by adipose tissues (Scherer et al., 1995) and is also
often called adipocyte complement-related protein of 30 kDa
(Acrp30). Acrp30 plays a fundamental role in stimulating fattyacid oxidation and reducing expression levels of molecules
involved in gluconeogenesis in hepatocytes (Kadowaki et
al., 2005). Obesity and insulin resistance are closely linked
to decreased levels of plasma Acrp30 (Arita et al., 1999;
Heilbronm et al., 2003) and lead ultimately to type two
diabetes, which constitute 90% of all cases of diabetes. Since
Acrp30 treatment of persons suffering from diabetes could
ameliorate their symptoms, the large-scale recombinant
production of this anti-diabetic pharmaceutical is highly
desirable for therapeutic demands.
The expression of recombinant human Acrp30 has been
exploited in several hosts like E. coli, Pichia pastoris, baculovirus
and HEK293 cells (Fruebis et al., 2001; Liu et al., 2007; Carmo
Avides et al., 2008). However, these systems have several
disadvantages in terms of cost, stability, safety, etc (Fischer et
al., 2004). Plants offer an alternative to microbial fermentation
and animal cell cultures and are now gaining widespread
acceptance as a general platform for the large-scale production
of recombinant proteins (Streatfield, 2007). Plants are the most
economical producers of biomass and allow for cost-effective
production of recombinant proteins on an agricultural scale

(Fischer et al., 2004; Berberich et al., 2005). They avoid animal
or microbial cell-culture contaminants, such as mammalian
pathogens or bacterial components (Fischer et al., 2004; Ma et
al., 2005; Ma et al., 2003). They are also capable of performing
complex post-translational modifications, most importantly
glycosylation, which is often crucial to the biological activity
and stability of human therapeutic proteins (Ma et al., 2003).
Up to now, there have been some pharmaceutical proteins
expressed in plants involving antibodies and vaccines
(Streatfield, 2007). Rice has been widely used as a model plant
for the production of recombinant proteins. It is worth striving
to engineer a novel anti-diabetic rice line that can produce
large amount of human Acrp30. The objective of this study was
to test the feasibility of developing transgenic rice plants to
produce Acrp30.
Although there has been significant success in plant
bioreactors, the wider use of plant-derived pharmaceuticals
has been limited by low yields due to very poor expression of
heterologous genes derived from different genetic backgrounds
in plants (Gustafsson et al., 2004). So far, most recombinant
pharmaceutical proteins have been produced in transgenic
plants with a typical yield of less than 0.1% of the total soluble
protein (TSP) of leaves (Ma et al., 2003). Thus, overcoming
bottlenecks imposed by low yields in plant bioreactors is one of
the key challenges for researchers working in the plant-derived
pharmaceutical field. We therefore designed a modified gene
encoding human Acrp30 with a combination of strategies
for high-level regulated expression in rice, including partial
codon-optimization, addition of an endoplasmic reticulum
retention signal KDEL and of rice-biased translation initiation
sequence, and insertion of an amplification promoting
sequence (aps). The amount of recombinant protein with the
modified gene reached a maximum yield of 0.32% of TSP of
leaves. This is the first step toward high-level expression of
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modified genes encoding human Acrp30, an anti-diabetic
protein in transgenic rice.
MATERIALS AND METHODS
Designing of modified Acrp30 gene

The 735 bp cDNA sequence of the human Acrp30 gene,
cloned by our earlier experiments according to Maeda et al.
(1996), was designed for high-level expression in rice plants.
The codon usage frequency for each amino acid in rice plant
species, obtained from CUTG (codon usages tabulated from
GenBank) database, was calculated to distinguish the preferred
codons of rice genes. The codons encoding the N- and
C-terminal regions of Acrp30 that have low usage frequency
in rice were substituted by rice-biased codons, based on a
rare codon optimization approach. A rice-biased translation
initiation nucleotide sequence GCCGCC (Nakagawa et al.,
2008) was incorporated at the 5’ end, while an endoplasmic
reticulum retention signal KDEL was placed at 3’ end. By
using a recursive PCR strategy (Prodromou and Pearl, 1992),
the modified gene with desired 5’ and 3’ flanking sequences
was amplified in four individual parts, using four pairs of
overlapping oligonucleotides AF1/AR1, AF2/AR1, AF3/AR2
and AF4/AR2 respectively (Table 1). All PCR cycles were as
follows: 94°C, 5 min, followed by 35 cycles of 94°C for 1 min,
56°C for 1 min, 72°C for 1 min, and a final cycle of 72°C for
10 min. The resulting complete nucleotide sequence of the
modified gene was confirmed by an ABI PRISM 3730XL DNA
Analyzer (Applied Biosystems).
Vector construction and rice transformation

The modified Acrp30 gene was sub-cloned in a plant
transformation vector pCAMBIA1301 between the BamHI and
SacI sites, using standard recombinant techniques (Sambrook et
al., 1995). The maize ubiquitin promoter (Ubi) was cloned into
the HindIII-BamHI site, and the nopaline synthase terminator
(T-nos) was ligated into the SacI-EcoRI site. The aps found to
increase transcriptional activity of recombinant protein in
plants (Borisjuk et al., 2000) was introduced into the HindIII
site, upstream of the Ubi promoter. The binary plant vector
containing the modified gene with the insertion of aps, under
the control of Ubi promoter and T-nos, was named pM-apsADPN. Meanwhile, the vector carrying native Acrp30 gene

without any modifications was named pN-ADPN and was
used as a comparison study (Fig. 1A).
The resulting two vectors were respectively transformed
into the Agrobacterium tumefaciens strain EHA105, followed by
co-culture with embryogenic calli of Taijing-9, a Japonica rice
variety (Oryza sativa L.). Callus selection, maintenance and
plant regeneration were performed following the procedure
described previously (Liu et al., 2005). The hygromycinresistant T0 plantlets were well-developed and then transferred
to pots with soil for growth and maturity.
PCR and Southern blot

Total Genomic DNA was isolated from rice leaf tissues
using a plant genomic DNA extraction kit (Baitaike)
and was analyzed by PCR amplification with specific
primers 5’- GAGTCCTGCTTCCCCTGCCC-3’ and
5’-CCATTACGCTCTCCTTCCCC-3’ for the modified or native
Acrp30 gene, and 5’-TGGCTCGCACCTGTCTAAC-3’ and
5’-TTCGTCCGTCTTGCCT ATC-3’ for the 18S rDNA used as
a control. Southern blot analysis was carried out according
to the standard procedures (Sambrook et al., 1995). Genomic
DNA was digested with HindIII and then the resultant
fragments were separated by electrophoresis in a 0.8% agarose
gel and electroblotted onto a Hybond-N+ nylon membrane
(Millipore) by Trans-Blot SD semi-dry electrophoretic transfer
cell (BioRad). The membrane was hybridized with DIG
labeled DNA probe (Fig.1A probe, a 592 bp cDNA fragment
comprising most of the protein-coding sequence). Southern
blot hybridization and probe labeling were conducted
according to the instruction of DIG High Prime DNA Labeling
and Detection Starter Kit I (Roche).
RT-PCR analysis

Total RNA was extracted from rice leaves using RNeasy
Mini kit (Qiagen) and then quantified using a GeneQuantTM
1300 spectrophotometer (Biochrom). RNA (1 μg) was reverse
transcribed using the PrimeScriptTM 1st Strand cDNA Synthesis
kit (Takara). PCR reactions were carried out and specific
primers were 5’- GAGTCCTGCTTCCCCTGCCC-3’ and
5’-CCATTACGCTCTCC TTCCCC-3’ for the target gene and
5’-GGAACTGGTATGGTCAAGGC-3’ and 5’-AGTCTCATGGAT
ACCCGCAG-3’ for rice actin1 gene. PCR reactions were
amplified for 35 cycles with an optimal annealing temperature

TABLE 1
Primers designed for sequence optimization of Acrp30 cDNA
Primers

Sequences

AF1

5'-TCGCCCTCCCGGGCCATGACCAGGAAACCACGACTCAGGGCCC-3'

AF2

5'-GCCGTGCTCCTCCTCCTCGCCCTCCCGGGCCATGACCAGGAAAC-3'

AF3

5'-ATGCTCCTCCTCGGCGCCGTGCTCCTCCTCCTCGCCCTCCCGGG-3'

AF4

5'-CGCGGATCCGCCGCCATGCTCCTCCTCGGCGCCGTGCTCCTC-3'

AR1

5'-ATCTTTGTTGGTGTCATGGTAGAGAAGGAAGCCGGTGAAG-3'

AR2

5'-GAGCTCTTACTACAGTTCATCTTTGTTGGTGTCGTGGTAGAGGAG-3'

The restriction endonucleases recognition sites that were introduced into the primers are underlined (Bam HI
recognition sequence, 5'GGATCC3'; Sac I recognition sequence, 5' GAGCTC3').
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Extraction and determination of TSP of rice leaves were
performed as described above. The protein samples were
diluted to 4 μg/ml in coating buffer (15 mM Na2CO3, 35 mM
NaHCO3, pH 9.6). Subsequently, an enhanced protein-binding
ELISA plate was coated and incubated with 100 μl/well of
coating buffer for 2 h at 37 °C. The wells of ELISA plate were
washed three times with wash solution (10 mM Na2HPO4,
3 mM KH 2PO 4, 100 mM NaCl, 3 mM KCl, pH 7.4, 0.05%
Tween-20) between each step. Then, the wells were blocked
with 200 μl of blocking buffer (5% Casein Hydrolysate in
coating buffer) for 2 h, followed by incubation with the rabbit
anti-human Acrp30 antibody (Bios) at 1:5,000 dilutions in
blocking buffer for 2 h at 37 °C. The wells were again incubated
with the HRP-conjugated mouse-anti-rabbit IgG (Bios) at
1:10,000 dilutions in blocking buffer for 2 h at 37 °C. After that
100μl TMB substrate were added to per well and the wells
were incubated at RT for 30 minutes in the dark. The assay was
read at 450 nm within 30 minutes in the microtiter plate reader
(Tecan Genios Pro) after adding 100 μl 2.0 M H2SO4 per well
to stop the reaction. The concentrations of the samples tested
were calculated using the absorbance values of the Acrp30
standard solutions (ProSpec) assayed at the same time. The
results were analyzed statistically using the student t-test in
the Excel program.

of 56°C along with appropriate control reactions. All RT–PCR
reactions were replicated five times.
Western blot and ELISA analysis

Extraction of TSP from rice leaves was performed according
to Park et al (2007). Briefly, leaves were finely ground in
liquid nitrogen and homogenized with the extraction buffer
(50 mM potassium phosphate, pH 7.8, 5 mM EDTA, 0.05%
β-mercaptoethanol, and 1 mM phenylmethylsulfonyl fluoride).
After centrifugation, the protein concentration was determined
by Bradford assay using bovine serum albumin as standard
(Bradford, 1976). An equal volume of SDS-PAGE loading buffer
was added to each 25 μl (25μg) protein sample. The mixture
was heated at 95°C for 5 min and separated by SDS-PAGE using
12% polyacrylamide gels. Proteins were then electroblotted onto
PVDF membranes using Trans-Blot SD semi-dry electrophoretic
transfer cell (BioRad). A rabbit anti-human Acrp30 antibody
(Bios) was used to detect the recombinant Acrp30. A HRPconjugated mouse-anti-rabbit IgG (Bios) and the ECL system
(Santa Cruz) were performed as described by the manufacturer.
The expression levels of recombinant Acrp30 in transgenic
rice plants were determined by quantitative direct antigen
coating-enzyme linked immunosorbent assay (DAC-ELISA).

A

HindIII

pN-ADPN

35S pro

HPT

pM-aps-ADPN

Pubi

TpolyA

LB

BamHI

HindIII

35S pro

HPT

TpolyA

BamHI

Pubi

C

RB
SacI

probe

1

2

3

4

5

6

592 bp

18s rDNA

493 bp

2

3

4

5

6

RB

7

Acrp30

1

EcoRI

M-ADPN TNos

LB

B

EcoRI

ADPN TNos

HindIII

aps

SacI

7

kb
15.0
8.0
5.0
2.5

1.0

Figure 1: The schematic representation of the native and modified Acrp30 gene expression cassettes and its presence in transgenic rice.
(A) Schematic representation of pN-ADPN and pM-aps-ADPN expression cassettes used for rice transformation. 35S pro, 35S
promoter; HPT, hygromycin phosphotralsferase gene, selectable marker gene; TpolyA, terminator of polyA; Pubi, ubiquitin promoter; ADPN,
cDNA sequence of native Acrp30 gene; M-ADPN, cDNA sequence of modified Acrp30 gene; TNos, terminator of nopaline synthase gene; RB,
right border; LB, left border; aps, an amplification promoting sequence from tobacco rDNA. Probe used for southern hybridization analysis
is a PCR-amplified fragment of Acrp30 gene with 592 bp in size.
(B) Detection of Acrp30 gene in control- and transgenic rice leaves by PCR. A 592 bp fragment of native or modified Acrp30 gene was
amplified and 18s rDNA was served as a control. Lane 1, untransformed control rice; Lane 2-4, the transformants with native gene (line
RN1, RN3 and RN5); Lane 5-7, the transformants with modified gene (line RM3, RM7 and RM8).
(C) Southern hybridization analysis of control- and six randomly selected transgenic lines. Rice genomic DNA digested with HindIII
and hyhridized with an amplified probe (See Fig. 1 A). Lane 1, untransformed rice plant; Lane 2-4, the transformants with the native
Acrp30 gene (line RN1, RN3 and RN5); Lane 5-7, the transformants with the modified Acrp30 gene (line RM3, RM7 and RM8).
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RESULTS

The aim of redesigning the human Acrp30 gene was to
acquire a modified gene that could be efficiently transcribed
and translated for high-level regulated expression in
transgenic rice plants. Thus, the combination of alterations
was introduced in the 735 bp cDNA sequence of the native
Acrp30 gene. A total of 21 rare codons were replaced by
rice-biased codons with replacement of 23 nucleotides in
a modified cDNA sequence. Because codon optimization
surrounding the N-terminus is particularly important for
increasing recombinant protein production (Batard et al.,
2000), codon substitution was emphasized in the N-terminal
region where 17 rare codons were replaced by rice-biased
codons. Furthermore, a rice-preferred translation initiation
sequence GCCGCC was incorporated adjacent to the initiation
codon ATG, which could enhance the efficiency of translation
initiation (Nakagawa et al., 2008). Meanwhile, a 12-nucleotide
sequence of endoplasmic reticulum retention signal KDEL
was integrated at C-terminal end suitable for accumulation of
the expressed recombinant protein in transgenic plant cells,
which was followed by two stop codons to avoid translational
read through (Agarwal et al., 2008). The complete modified
gene with optimized fl anking sequences on 5’ and 3’ end
was obtained by recursive PCR amplification. The schematic
drawing of gene modifications for high-level expression in rice
is shown in Supplementary Fig. 1.

These promising T0 transgenic rice plants were verified
for the presence of the Acrp30 gene in the rice genome
by PCR amplification. Fig. 1B shows the results of PCR
amplification of six randomly selected T0 transgenic plants.
The expected 592 bp DNA fragment of the target gene was
only determined in the transformants, whereas the 493 bp
fragment of 18s rDNA was detected in both the transformants
and untransformed rice.
Moreover, Southern blot analysis confirmed the integration
of the target gene into the rice genome, although the
hybridization patterns were different in the above six
randomly selected T 0 transformant lines (Fig. 1C). It was
previously reported that the presence of aps could be
associated with 2-5-fold increase in the copy number of
transgenic genes (Borisjuk et al., 2000). Similarly, as revealed
in our study by comparative southern hybridization, the
transformants with aps (line RM3, RM7 and RM8) seemed to
contain many more multiple copies. No bands were observed
in the untransformed rice.
To detect Acrp30 mRNA transcripts in transformant
rice, semi-quantitative RT-PCR analysis was performed and
rice actin1 was used as a loading control. The transfomants
were analyzed with oligonucleotide primers for the target
gene and actin1 gene, resulting in fragments of 592 bp and
795 bp, respectively. However, the levels of Acrp30 mRNA
expression varied differently among these transformant
lines (Fig. 2A). The transformants with the modified Acrp30
gene and insertion of aps showed much higher transcription
levels.

Molecular characterization of transgenic plants

Expression of recombinant Acrp30 in rice plants

Rice transformation was independently mediated by two
A. tumefaciens EHA105 strains, one carrying pM-aps-ADPN
and the other carrying pN-ADPN. The expression vectors
containing either the native or modified gene were shown in
Fig. 1A. Finally, 6 (named as line RN1-6 with the native gene)
and 9 (named as line RM1-9 with the modified gene) promising
T0 transgenic rice plants were produced, respectively.

To examine whether Acrp30 was synthesized in transgenic rice
and whether the protein had the expected size, we performed
Western blot analysis. When analyzed on SDS-PAGE in
reducing conditions followed by immunoblotting, the band
of approximately 30 kDa band was detected in transformants
(Fig. 2B). The higher amount of Acrp30 could be detected in
line RM3, RM7 and RM8, whereas line RN1 and RN5 contained

Designing of modified Acrp30 gene for high-level expression in rice

Supplementary Fig. 1 The modified Acrp30 gene was amplified by recursive PCR strategy for high-level expression in rice plants. Based
on the primary cDNA sequence of the native gene, six different PCR primers shown with arrows at their respective binding positions were
designed for codons and flanking region optimization. The changed synonymous codons were labeled. The accuracy of the modified
Acrp30 gene sequence was confirmed using the DNA sequencer.
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less Acrp30. The expression levels of the protein correlated well
with Acrp30 mRNA transcription activation. No such protein
band was detected from untransformed control leaves.
Furthermore, the contents of recombinant Acrp30 expressed
in transgenic rice leaves were quantified by DAC-ELISA
analysis. As expected, the transgenic plants carrying modified
genes produced more recombinant protein quantities
than transformants with the native gene. The content of
recombinant Acrp30 ranged from 0.19% to 0.32% of TSP in
leaves of transgenic rice with the modified gene; while there
was a range from 0.02% to 0.05% in leaves of transgenic
plants with the native gene (see Supplementary Fig. 2A).
The accumulation of Acrp30 in transgenic plants with the
native gene reached an average level of 0.03 ± 0.01% (TSP).
In contrast, the average amount of Acrp30 in the transgenic
plants carrying the modified gene was 0.26 ± 0.03% (TSP) (see
Supplementary Fig. 2B). Taken together, the data demonstrated
that the modified Acrp30 gene could be transcribed and
translated more efficiently than the native gene, and therefore
much more protein was produced in transgenic rice plants
carrying the modified gene.
DISCUSSION

Diabetes is a worldwide epidemic and is one of the most
important risk factors leading to other health problems. The
important metabolic effects of Acrp30 on blood glucose and
lipid levels have been well documented in the last decade
(Arita et al., 1999; Berg et al., 2001; Heilbronm et al., 2003; Zhou
et al., 2005; Fu et al., 2005). Acrp30 is tremendously valuable
in terms of basic research and clinical applications, due to its
great potential for ameliorating insulin-resistance and treating
type II diabetes mellitus. To engineer a novel anti-diabetic rice
line producing large amount of human adiponectin is worth
striving for.

Previous studies have shown that the use of transgenic
plants for recombinant protein production often results in low
yields (Kermode, 2006). For some pharmaceutical proteins
expressed in plant systems, yields have varied from 0.01%
to 1% of TSP (Hood et al., 2002), and have even been as low
as 0.0001% of TSP (Chen et al., 2005). Thus, one of the key
challenges for recombinant protein production in transgenic
plants is the employment of effective strategies to enhance
expression levels, which is a requirement for economic
efficiency (Hood et al., 2002; Fischer et al., 2004; Stoger et
al., 2005). Different organisms use synonymous codons with
different preferences, and the codons in the target gene can
be altered to adapt codon usage of host and subsequently
improve heterologous protein expression. Currently there
are two widely used codon optimization approaches: the full
optimization of every codon (Holler et al. 1993; Gustafsson
et al. 2004) and selective rare codon optimization (Deng,
1997). Full optimization has some potential disadvantages
in comparison to selective rare codon optimization, such as
introducing secondary mRNA structures that might hinder
the translation process (Gustafsson et al., 2004; Kurland and
Gallant, 1996). Indeed, there is no natural highly expressed
gene that uses the full optimization of every codon. We
therefore adopted the selective rare codon optimization
method in our study. A total of 21 rare codons, 17 of which
appeared in clusters or in the N-terminal part of the protein,
were replaced by rice-biased codons. Furthermore, a ricepreferred translation initiation sequence GCCGCC was
incorporated adjacent to the initiation ATG in order to enhance
translational efficiency. Meanwhile, a 12-nucleotide signal
sequence KDEL was integrated at the C-terminal end to ensure
correct transport of recombinant protein into endoplasmic
reticulum for glycosylation and accumulation. Moreover,
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Figure 2 RT-PCR and Western analysis of Acrp30 in transgenic rice
lines.
(A) RT-PCR amplifi cation of Acrp30 gene in control- and
transgenic rice leaves. The mRNA abundance was determined
by RT-PCR analysis and rice actin1 gene was amplifi ed as a
loading control. Lane 1, untransformed rice plant; Lane 2-4, the
transformants with the native Acrp30 gene (line RN1, RN3 and
RN5); Lane 5-7, the transformants with the modified Acrp30 gene
(line RM3, RM7 and RM8).
(B) Western immunoblotting of transgenic rice lines with a
rabbit anti-human Acrp30 antibody and a HRP-conjugated
mouse-anti-rabbit IgG. Lane 1, untransformed rice plant; Lane
2-4, the transformants with the native Acrp30 gene (line RN1, RN3
and RN5); Lane 5-7, the transformants with the modified Acrp30
gene (line RM3, RM7 and RM8).
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it was reported that an average 2.5 or 2-5 fold increase in
mRNA expression levels, further resulting in distinct increase
in recombinant protein by introducing aps into tomato and
tobacco, respectively (Borisjuk et al., 2000; Yakoby et al.,
2006). Therefore the aps was also inserted upstream of the Ubi
promoter in the modification. The gene thus designed by our
combination of modification strategies resulted in high-level
expression of recombinant protein with a maximum of up to
0.32% of TSP in leaves of transgenic rice. As a comparative
study, the native Acrp30 gene has also been expressed in
transgenic rice leaves ranging from 0.01% to 0.05% of TSP,
which was substantially lower than the expression amounts
of the modified gene. To summarize, the high-level regulated
expression achieved in our study might be attributed mainly
to the combined effects of different modifications incorporated
within the coding sequence and flanking regions of the gene.
An important question arising from this study is whether
stability of transgene expression would be maintained in rice
cells, which is a critical concern. The stability of transgene
expression is influenced by various factors including
transformation events, background genotype, environmental
conditions, etc. Instability of transgene expression in plants is
often associated with complex multicopy patterns of transgene
integration at the same locus, as well as position effects due
to random integration (Koprek et al., 2001). Although the
gene copy number is not always proportional to the mRNA
expression level due to positional affect, methylation, and
partial gene silencing, etc (Meyer and Saedler, 1996; Stam et
al., 1998), our results from Southern blot and RT-PCR analysis
suggested that aps is likely to promote transgenic expression
by increasing both the target gene copy number and the
transcription level in rice, similar to its effects previously
reported in tobacco and tomato. Moreover, Borisjuk et al.
(2000) demonstrated the effects of aps on the increase in the
transgene copy number and the enhanced expression could
be stably inherited in the progeny of the transgenic tobacco.
Further experiments in our future study are still needed to
observe if the offspring of transgenic rice carrying multiple
copies of the Acrp30 gene would stably retain a high level of
expression.
Another concern that arises from this study is that the
huge potential of production of pharmaceutical proteins in
plants will only be realized if the products are provided with
full biological activity. Acrp30 is initially synthesized as a 30
kDa monomer and is then assembled into oligomeric isoforms
that are secreted and circulate in plasma (Bodles et al., 2006).
In the circulation, Acrp30 is present predominantly as three
oligomeric isoforms, including trimeric, hexameric and the
high-molecular-weight (HMW) oligomeric complexes, which
are stable and do not interconvert into each other (Wang et
al., 2008). The monomers or a globular fragment of the Acrp30
monomer produced by recombinant expression systems are
biologically active, which has also been reported in some
studies (Berg et al., 2001; Fruebis et al., 2001; Liu et al., 2007).
However, it should be pointed out that in humans there is no
evidence of the “physiological” presence of the monomer in
the bloodstream (Wang et al., 2008). Our study only detected
an electrophoretically 30-kDa band of Acrp30 in Western
immunblot gel, which may have been due to analyzing under
reducing conditions by SDS-PAGE. The post-translation
modifi cation of Acrp30, such as hydroxylation of multiple
conserved proline and lysine residues and glycosylation

of hydroxylysines within the collagenous domain, have
been shown to be crucial for Acrp30 oligomerization in
vivo (Wang et al., 2008). Whether the recombinant Acrp30
produced by transgenic rice would be able to effectively
form the native glycosylation pattern, the sugar chain
structures of recombinant Acrp30 by the reverse phase HPLC
chromatogram, is still a question for the present study.
In conclusion, we established the feasibility of high-level
expression of recombinant Acrp30 in transgenic rice. The
results indicated that genetically engineered rice containing
a high-level expression of human Acrp30 was successfully
obtained. The functions of recombinant Acrp30 are still being
evaluated in both culture cell and mice models.
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