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Abstract 

 

We previously identified the cellulase SnEG54 from Japanese purple sea urchin 

Strongylocentrotus nudus, the molecular mass of which is about 54 kDa on SDS–PAGE. 

It is difficult to express and purify a recombinant cellulase protein using bacteria such as 

E. coli or yeast. In this study, we generated mammalian expression vectors encoding 

SnEG54 to transiently express SnEG54 in mammalian cells. Both SnEG54 expressed in 

mammalian cells and SnEG54 released into the culture supernatant showed hydrolytic 

activity toward carboxymethyl cellulose. By using a retroviral expression system, we 

also established a mammalian cell line that constitutively produces SnEG54. 

Unexpectedly, SnEG54 released into the culture medium was not stable, and the peak 

time showing the highest concentration was approximately 1 to 2 days after seeding into 

fresh culture media. These findings suggest that non-mammalian sea urchin cellulase 

can be generated in human cell lines but that recombinant SnEG54 is unstable in culture 

medium due to an unidentified mechanism. 
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Introduction 

 

The cell wall of a higher plant mainly consists of cellulose, which is a linear 

polysaccharide consisting of -1,4-linked D-glucose residues. Cellulase hydrolyzes 

-1,4-glycosyl linkages of the cellulose chain, producing cellooligosaccharides such as 

cellotriose and cellobiose [1]. Cellulase is roughly divided into two groups, endolytic 

(endo-1,4- -glucanase, EC 3.2.1.4) and exolytic (cellobiohydrolase, EC 3.2.1.91) 

groups. 1,4- -glucosidase (EC 3.2.1.21) is required for complete de-polymerization of 

cellulose to glucose. These enzymes have been isolated from bacteria and fungi [1], 

plants [2], molds [3], microbes from animal intestines [4], and herbivorous invertebrates 

such as arthropods [5-10], nematodes [10], mollusks [11-16] and an echinoderm [17]. 

So far, over one hundred glycoside hydrolase families (GHFs) have been identified by 

hydrophobic cluster analysis of the primary structure [18]. The majority of animal 

cellulases belong to GHF9 and a cellulase from sea urchin, SnEG54, was also classified 

under GHF9 [17]. SnEG54 exhibited a high level of hydrolytic activity toward 

carboxymethyl cellulose (CMC) at 35°C and pH 6.5 and also degraded a cellulose 

polymer and cellooligosaccharides larger than cellotriose, producing cellotriose and 

cellobiose, but not small cellooligosaccharides [17]. Efficient production of 

cellulose-derived glucose by cellulase has recently become a socially important issue in 

the world because glucose is available for fermentation of ethanol, which can be used as 

a biomass-derived fuel. Thus, cellulose-degrading enzymes have been attracting the 

attention of many researchers involved in studies on saccharification of cellulosic 

materials and production of biofuels [19]. 

A retroviral expression system is an important tool for gene transfer applications. 
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Introduction of retroviral vectors containing the gene of interest into suitable packaging 

cells enables production of infectious retroviruses, and these particles can infect target 

cells and stably transmit the gene of interest into chromosomes. Platinum-E (Plat-E) is 

one of the retrovirus packaging cell lines generated on the basis of the HEK293T cell 

line [20]. Plat-E is superior to existing packaging cell lines in efficiency, stability and 

safety. Mouse type C ecotropic retrovirus infection is initiated by virus envelope 

binding to a membrane receptor expressed on mouse cells. The mCAT-1 protein has 

been identified as a receptor for mouse type C ecotropic retrovirus and it has acquired 

susceptibility to infection by the retrovirus [21]. Introduction of the mCAT1 gene is 

effective for improving transduction efficiency for human cell lines [22]. 

In this study, we transfected an expression vector encoding SnEG54 cDNA into 

mammalian cell lines and confirmed cellulase activity of recombinant SnEG54 

produced by mammalian cells. Both SnEG54 in the cytosol and SnEG54 secreted into 

the culture medium showed hydrolytic activity toward CMC. Furthermore, using a 

retroviral expression system, we established a mammalian cell line that continuously 

secretes SnEG54 into the culture medium. Since the production of recombinant GHF-9 

cellulases in active form in bacteria or yeast cells is difficult, there has been little 

progress in protein-engineering studies on GHF-9 cellulases. Therefore, an expression 

system capable of producing active GHF-9 cellulases will become a useful tool for 

structure-function studies on this enzyme. Here, we report the successful production of 

a sea urchin GHF-9 cellulase, SnEG54, using mammalian expression vectors and a 

human cell line. 
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Materials and methods 

 

Plasmid construction. SnEG54 cDNAs without a stop codon were amplified from 

pCR2-SnEG54 cDNA [17] by PCR with KOD (Toyobo, Tokyo, Japan) using the 

following primers: 5'-GCCATGTTGCCTTTAATCTTG-3' (SnEG54-sense) and 

5'-CATGTTGAGTTGCTTGAGGCC-3' (SnEG54-antisense). The amplified fragments 

were subcloned into pBluescript II SK+ (Stratagene, La Jolla, CA) at the EcoRV site 

(pBS-SnEG54). pBS-SnEG54 was digested with EcoRI and SalI and ligated into 

pcDNA3-MycHisA (Invitrogen, Carlsbad, CA) (pcDNA3-MycHis-SnEG54). 

pcDNA3-MycHis-SnEG54 was digest with BamHI and PmeI and ligated into 

pMX-puro (pMX-puro-SnEG54-Myc). 

Cell culture and transfection. HEK293T and HeLa cell lines were cultured under an 

atmosphere of 5% CO2 at 37°C in DMEM (Sigma, St. Louis, MO) supplemented with 

10% fetal bovine serum (Invitrogen, Carlsbad, CA). 293T cells were transfected using 

calcium phosphate precipitation as described previously [23]. For small-scale 

transfection, Fugene HD reagent was used according to the protocol of the manufacturer 

(Roche, Indianapolis, IN). 

Transfection and immunoblot analysis. Cells were lysed in a solution containing 50 

mmol/l Tris-HCl (pH 7.4), 150 mmol/l NaCl, 1% Nonidet P-40, leupeptin (10 g/ml), 1 

mmol/l phenylmethylsulfonyl fluoride, 400 mol/l Na3VO4, 400 mol/l EDTA, 10 

mmol/l NaF, and 10 mmol/l sodium pyrophosphate. The cell lysates were centrifuged at 

16,000 x g for 10 min at 4°C and then boiled in SDS sample buffer. Immunoblot 

analysis was performed with the following primary antibodies: anti-Myc (1 g/ml; 9E10, 

Covance, Berkeley, CA) and anti- -actin (1 g/ml; AC15, Sigma). Immune complexes 
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were detected with horseradish peroxidase–conjugated antibodies to mouse IgG 

(1:10,000 dilution, Promega, Madison, WI) and an enhanced chemiluminescence 

system (Amersham Pharmacia Biotech Inc, Piscataway, NJ). 

Assay for cellulase activity. Standard assay for cellulase activity was carried out 

with a reaction mixture containing 0.5% CMC, 10 mM sodium phosphate (pH 7.0), and 

0.05-5 U/ml of cellulase at 30°C. Reducing sugar produced by the reaction was 

determined by the method of Nelson and Somogyi [24]. One unit of cellulase was 

defined as the amount of enzyme that produces reducing sugar equivalent to 1 mmol of 

glucose for 1 min. Crude extracts from transfected cells or the culture supernatant were 

incubated with CMC at 35°C and pH 6.5, and the absorptions were measured at 690 nm. 

Establishment of stable transfectants by using a retrovirus expression system. 

Complementary DNAs were subcloned into pMX-puro (kindly provided by T. Kitamura, 

Tokyo University), and the resulting vectors were used to transfect Plat E cells and then 

recombinant retroviruses were generated. HeLa cells stably transfected with mCAT-1 

were infected with the recombinant retroviruses and selected in medium containing 

puromycin (1 μg/ml, Sigma). 

Stability of SnEG54 secreted in culture medium. HeLa cells stably expressing 

SnEG54 and Mock were plated on 6-cm dishes (day 0) with 4 ml of culture medium 

without bovine calf serum. Each culture medium was harvested every day up to day 4. 

Ten and forty μl were subjected to immunoblotting and Coomassie Brilliant Blue 

staining, respectively. 
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Results 

 

Expression of SnEG54 in a mammalian cell line 

 

To examine whether non-mammalian sea urchin protein SnEG54 can be expressed 

and secreted by a human cell line, we constructed an expression vector encoding 

Myc-tagged SnEG54 at the carboxy terminus (pcDNA3-MycHis-SnEG54). 

pcDNA3-MycHis-SnEG54 was transfected into HEK293T cells by the CaPO4 method. 

Cell lysates were prepared two days after transfection and subjected to SDS-PAGE and 

immunoblotting with anti-Myc antibody to detect Myc-tagged SnEG54 in the cytosol 

and in the culture medium. Immunoblot analysis showed that transfected HEK293T 

cells produced SnEG54 both in the cytosol and in the culture medium (Fig. 1). A 

putative degraded form of SnEG54 was found abundantly in the cytosol compared to 

that in the culture medium. 

 

Cellulase activity of SnEG54 expressed in mammalian cells 

 

Next, we examined cellulase activity of SnEG54 prepared from the cytosol and the 

culture medium as reported previously [17]. pcDNA3-MycHis-SnEG54 (20 μg) or 

Mock was transfected into HEK293T cells (3 x 10
6
 cells/10 ml culture medium). The 

cells were cultured for 48 hrs, and then the cells and culture supernatants were collect to 

measure cellulase activities. As expected, mock-transfected cell lysates as well as the 

culture medium did not show cellulase activity (Fig. 2). On the other hand, cell lysates 

from SnEG54-transfected cells showed cellulase activity (0.2 U/ml). Most importantly, 
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the culture supernatant derived from SnEG54-transfected cells also showed cellulase 

activity (0.037 U/ml), suggesting that recombinant SnEG54 proteins was properly 

translated, folded, and secreted into the culture medium (Fig. 2). 

 

Establishment of a mammalian cell line stably expressing SnEG54 

 

HeLa cells in which mCAT-1 was stably expressed were infected with retroviruses 

encoding Myc-tagged SnEG54 and selected with puromycin to establish a cell line 

stably expressing SnEG54. To examine whether the selected cell line expresses and 

secretes SnEG54, we performed immunoblot analysis with anti-Myc antibody. As 

expected, Myc-tagged SnEG54 was expressed in this cell line and was also secreted into 

the culture supernatant (Fig. 3). If SnEG54 from this cell line was secreted into the 

culture medium, SnEG54 should be gradually concentrated in the culture medium. To 

investigate this hypothesis, we harvested the culture medium every day for four days 

and compared the concentrations of SnEG54. Surprisingly, although SnEG54 was 

clearly detected in the culture medium on days 1 and 2, it had disappeared on days 3 and 

4 (Fig. 4). These findings suggest that recombinant SnEG54 is unstable in culture 

medium due to an unidentified mechanism.
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Discussion 

 

Production of bioethanol as a fuel from recycling of biomass resources is important 

to reduce emission of carbon dioxide to the environment (air pollution). So far, 

bioethanol has been produced mainly from corn and wheat and has been mostly used as 

gasoline additives. To produce 10 million tons of bioethanol from grains, about 30 

million tons of grains is needed [25]. Materials other than foods should be used for 

bioethanol production because producing more bioethanol from grains endangers food 

supply. A wood hydrolysis factory has been using an acid hydrolysis process to produce 

4,000 tons of bioethanol per year [25]. Although cellulosic bioethanol does not 

endanger food supply directly, the cost of producing cellulosic bioethanol by this acid 

hydrolysis process is still higher than that of corn ethanol, partly because of its lower 

yield caused by over-hydrolysis to toxic by-products and the non-fermentability of 

pentoses [25]. It has been reported that several isolated mutants of Penicillium 

decumbens can produce large amounts of cellulases in the presence of a high 

concentration of soluble sugars, but they cannot be used for glucose production due to 

high prices [26]. It is not a good idea to use wood and food for the production of 

bioethanol from the point of view of environmental protection and food supply. For 

example, rice straw is a good candidate for production of bioethanol. Furthermore, if 

sugar can be produced from rice straw, it may be possible to overcome the problem of 

food shortages to some extent. To achieve this, we need to utilize cellulases that have 

low cost and are safe enough for food production. The use of bacteria, fungi or molds 

would be an easy way to obtain cellulases. However, it is difficult to produce 

recombinant cellulase using these organisms. Therefore, we tried to express a 
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non-mammalian GHF-9 cellulase, SnEG54, using human cell lines and we established a 

mammalian cell line that stably expresses SnEG54. This established cell line 

constitutively expressed SnEG54, and recombinant SnEG54 could be easily withdrawn 

from the culture supernatants. 

Although SnEG54 was successfully produced by a mammalian cell line as an active 

form, it was degraded within a few days (Fig. 4). If we could inhibit the degradation of 

secreted SnEG54, we may be able to obtain higher activity of cellulases for in vitro 

degradation of cellulose. Moreover, eukaryotic cell culture is costly and improvements 

must be made to maintain the culture system at a low cost in the future. Furthermore, it 

would be interesting to generate a transgenic mouse expressing SnEG54, in which 

SnEG54 is expressed especially in the digestive tract, and to examine whether the 

SnEG54 transgenic mouse can catabolize dietary fibers and use celluloses as an energy 

source. 
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Figure legends 

 

Fig. 1. Expression of SnEG54 in HEK293T cells. HEK293T cells cultured with 10 ml 

medium were transfected with a plasmid encoding carboxy-terminal Myc-tagged 

SnEG54. Two days after transfection, 2% of the lysate (WCL) and 0.05% of the culture 

medium (Sup) were subjected to immunoblotting (IB) with anti-Myc antibody. 

 

Fig. 2. Cellulase activity of SnEG54 expressed in mammalian cells. Crude extracts from 

transfected cells or the culture supernatant were incubated with CMC at 35°C and pH 

6.5 and the absorptions were measured at 690 nm. 

 

Fig. 3. HeLa cell line stably expressing SnEG54. 1% of the cell lysate (WCL) and 0.1% 

of the culture medium (Sup) of SnEG54- or mock-expressing HeLa cells were subjected 

to immunoblotting with anti-Myc antibody. Anti- -actin antibody was used as a loading 

control. 

 

Fig. 4. Expression level of SnEG54 secreted from the stable cell line in culture medium. 

Culture media from SnEG54- or mock-expressing HeLa cells were harvested every day 

and subjected to immunoblotting with anti-Myc antibody and stained with Coomassie 

Brilliant Blue R-250 as a loading control. Bovine serum albumin (BSA) of several 

concentrations was used as loading controls. 
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