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The sequence of hydroxypyruvate isomerase gene was

obtained in NCBI. In this study, the hydroxypyruvate

isomerase gene of Bombyx.mori was identified and

annotated with bioinformatics tools. The result was

confirmed by RT-PCR, prokaryotic expression, mass

spectrographic analysis and sub-cellular localization.

The hydroxypyruvate isomerase cDNA comtains a

783bp ORF, and has 4 exons. The deduced protein has

260 amino acid residues with the predicted molecular

weight of 29169.30 Da, isoelectric point of 6.10, and

contains conserved PRK09997 and Hfi domains. The

hydroxypyruvate isomerases of Nasonia vitripennis

and Bombyx mori have a high homology. Through RT-

PCR analysis, we found that this transcript was

present in testis, ovary, blood-lymph, fat body, midgut,

silk gland and tuba Malpighii. This protein was

located in cytoplasm through immunohistochemistry.

We submitted the cloned gene under the accession

number EU344910. The enzyme has been classified

under accession number EC 5.3.1.22.
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Introduction

In glyoxylate cycle, two molecules of glyoxylate can be

converted to tartronate semialdehyde by glyoxylate car-

boligase. Then NAD(H)-dependent tartronate semialde-

hyde dehydrogenase will reduce tartronate semialdehyde

to glycerate, after that this glycerate will goes into Entner-

Meyerhof-Parnas (EMP) pathway and be changed into

hydroxypyruvate(Ashiuchi and Misono, 1999). In Bacil-

lus fastidiosus, tartronate semialdehyde was converted to

hydroxypyruvate by hydroxypyruvate isomerase (hyi)(de

Windt and van der Drift, 1980), Braun and Kaltwasser

found glyoxylate was first converted into tartronate semi-

aldehyde, followed by the isomerization of tartronate

semialdehyde to hydroxypyruvate which in turn was con-

verted to pyruvate via serine (Braun and Kaltwasser,

1979). These metabolisms usually can be found in plant

and microorganism, as a supplement for Tricarboxylic

acid cycle (TCA). Essentially, we can say glyoxylate

cycle changes palmitic acid into carbohydrate. Privious

report had found the conversion of palmitic acid to car-

bohydrate and in Bomoyx mori, and now we found this

related enzyme, but there is still not enough proof to indi-

cate the glyoxylate cycle is existent in Bomoyx mori,

because palmitic acid can react with the intermediate

product of TCA, and then form carbohydrate.

Through searching related articles, we know that the

research about hyi gene in Bomoyx mori has not been car-

ried out. In silkworm database, the hyi gene is just pre-

dicted through in silico cloning. So we first identified the

hyi gene and annotated it through bioinformatics tools.

The result was confirmed in our research. This cloned

gene has been registered in GenBank under the accession

number EU344910.

Materials and methods

Materials

The silkworm Bombyx mori was inbred in our lab. Testis,

ovary, blood-lymph, fat body, midgut, silk gland and tuba
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Malpighii were obtained from feeding fifth instar larva of

silkworm strain 306 and immediately used for RNA

extraction. RNeasy Mini Kit and Ni-NTA system were

obtained from QIAGEN Company (Germany); Restric-

tases, T4 DNA ligase, PCR reagents and pMD18-T were

obtained from TaKaRa Company (China, Dalian); primer

and other reagents were obtained from Shanghai Sangon

Bio-technology Corporation. FITC-conjugated goat anti-

rabbit IgG were from Sigma (USA),

Genome analysis

The open reading frame (ORF) of hyi gene was found out

by DNAstar. Poly-A signal was predicted by HCpolya

(http://l25.itba.mi.cnr.it/~webgene/wwwHC_polya.html).

In order to establish the genomic organization, we blasted

the cDNA sequence to the contigs of B. mori genome in

GenBank. Another silkworm cDNA database BGI (http:/

/silkworm.genomics.org.cn/) was also used in this study.

SIM4 (http://pbil.univ-lyon1.fr/sim4.php) was used to

search find out introns and exons. Splice Site Prediction

by Neural Network (NNSSP) (http://www.fruitfly.org/

seqtools/splice.html) was used to predict the potential

splice sites.

Protein prediction and analysis

The cDNA’s amino acid sequence was deduced with

ExPASy Translate tool (http://au. expasy. org/tools/dna.

html), and similarity analysis was performed by using

GENEDOC. Phylogenetic tree was made by MEGA 3.1

software(Kumar et al., 2004). PLOC (http://www.genome.

jp/SIT/plocdir/)(Park and Kanehisa, 2003) was used to

predict the subcellular location, and TMHMM (http://

www.cbs.dtu.dk/se rvices/TMHMM-2.0) was used to pre-

dict the transmembrane structure. We use ESyPred3D

(http://www.fundp.ac.be/sciences/biologie/urbm/bioinfo/

esypred/)(Lambert et al., 2002) and ProSA (https://prosa.

services.came.sbg.ac.at/prosa.php)(Sippl, 1993) to predict

the 3-D structure of protein.

RT-PCR and amplification

The specific primers were designed based on the sequence

of ORF. The forward primer (5’GGGGATCCATGAAAT

TCTGTGCTAATCTGTCTT 3’) contained a BamHI res-

triction site (underlined), and the reverse primer (5’

GGCTCGAGTCAAAGACTGAACCATAATTGTTG 3’)

contained a XholI restriction site (underlined). The cDNA

was prepared from blood-lymph RNA with M-MLV

reverse transcriptase and an oligodT primer. PCR reaction

was carried out with Taq polymerase for 35 amplification

cycles (94oC/30 s, 55oC/30 s, 72oC/1 min). PCR reactions

with cDNA of other tissues (testis, ovary, fat body, mid-

gut, silk gland and tuba Malpighii) were also carried out

in the same condition to detect the distribution of gene.

PCR product was examined by electrophoresis in 1% aga-

rose gel with the ethidium bromide staining.

Cloning and expression

The PCR product was ligated into pMD18-T vector using

T4 DNA ligase and then transformed into E. coli of TG1

strain. Both the pMD18-T plasmid containing hyi gene

and the pET30a vector were digested with restriction

enzymes BamHI and XholI, and then purified. The puri-

fied target fragment was ligated with the BamHI-XholI

digested pET30a vector and transformed into E. coli of

BL21 strain. A positive clone was cultured in LB medium

supplement with Kanamycin (final concentration of 50

µg/ ml) overnight at 37oC with shaking, then the culture

was added into 100 mL fresh LB medium and cultured at

37oC with shaking to A600 about 0.6. The culture was

induced with IPTG (final concentration of 8 µg/ml) and

shaked at 25oC for 12 hour.

Ni-NTA system was used to collect the protein. The

treatment of bacteria and inclusion body refers to the

handbook of QIAGEN Ni-NTA system. After being dial-

ysised to remove ions and urea, the protein was injected

into rabbit to prepare polyclonal antiserum. 12% SDS

polyacrylamide gel was used to analyze the recombinant

protein. SDS-PAGE was performed in the Mini-Protein

system (Bio-Rad, USA). After electrophoresis, the gel

was stained with Coomassie Brilliant Blue R250 to visu-

alize the protein bands.

 

Mass spectrographic analysis

A spot of protein from SDS-PAGE gel was washed twice

with 50 µl ddH2O, and then destained by washing with a

1:1 solution (50 µl) of 50 mM ammonium bicarbonate

and 50% acetonitrile. Then the gel was dehydrated by

addition of 50 µl acetonitrile, and then dried in SpeedVac

for 5 min. Subsequently, the gel was treated with 10 mM

DTT (50 µl) and incubated at 56oC for 1 hour. After they

were dried, 55 mM IAM (20 µl) was added in and set

without light. Washing gel with 25 mM NH4HCO3, 50%

(v/v) acetonitrile and acetonitrile, respectively. After be

dried in SpeedVac for 5 min, 2 µl of trypsin solution

(0.01 µg/µl in 25 mM NH4HCO3) was added in, then the

gel was incubated in ice bath for 30 min. When the solu-

tion was absorbed, the gel was added in 25 mM

NH4HCO3 (10 µl) and incubated at 37oC overnight. Add-

ing 2% TFA (final concentration of 0.1%) to end the reac-

tion, then shaked and centrifuged. Extracted sample were

directly applied onto a target that was loaded with a-

cyano-4-hydroxy-cinnamic acid matrix thinlayer. Then

sample was analyzed by ultraflex II MALDI TOF/ TOF

MS (Bruker, Gemany). Mascot (http://www.matrix-
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science.com) was used to definite the protein.

Sub-cellular localization in BmN cells

BmN cells grew on cover slip were washed with PBS, and

fixed with 4% paraformaldehyde for 15 min. Then cells

were washed three times with PBS and treated with 0.1%

Triton X-100 in PBS for 15 min. After washing cells three

times with PBS, 20 µl hyi polyclonal antiserum was

added to 5 ml PBS, and then cells were incubated with

this mixed PBS for 1 hour. Washing cells three times with

PBS, and then cells were incubated with 1 µl FITC-con-

jugated goat anti-rabbit IgG in 5 ml PBS. Background

stain was removed through washing with PBS three

times(Chen et al., 2007).

Result

Nucleotide and amino acid sequence analysis

The sequence of a 1260 bp B. mori cDNA encoding PPI-

ase B was obtained from NCBI. The cDNA sequence

included an open reading frame (ORF), beginning with

the initiation codon ATG at position 204 and ending with

a termination codon TGA at position 984. A polyadeny-

lation consensus sequence (aataaa) was found in 3’

region. The nucleotide sequence of the full-length hydrox-

ypyruvate isomerase gene cDNA was shown in Fig. 1.

Blasting in genomic BLAST databases of GenBank and

BGI, we found four exons, length is 190 bp, 285 bp,

131 bp and 177 bp. The map of genome was shown in

Fig.2.

The subcellular location of B. mori hyi gene was pre-

dicted in the cytoplasm, and this protein had no trans-

membrane structure. The deduced protein was BLASTed

in the NCBI, we got conserved PRK09997 and Hfi do-

mains (Fig. 3).The further domains analysis of PRK

Fig. 1. Nucleotide sequence and deduced amino acid sequence

of the hydroxypyruvate isomerase gene. The predicted amino

acid is represented by the one letter code designation below the

nucleotide sequence. The conserved amino acid is underlined.

The initiate codes and the stop codes are framed. The Poly-A

signal (aataaa) is double-underlined

Fig. 2. DNA sequence frame of hyi gene. Extrons were black framed, and introns were gray framed. Splicing sites (exon/GT-intron-

AG/exon) were also indicated. This gene spanned 5567 nucleotide from 5’ untranslated region to 3’ untranslated region. The length

of exons was 190 bp, 285 bp, 131 bp and 177 bp. And there were three introns with length of 1178 bp, 240 bp and 3366 bp.

Fig. 3. The conserved PRK09997 and Hfi domains in hydroxypyruvate isomerase. This conserved domain covered most of protein

sequence.
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09997 and Hfi proved that the protein had the function of

isomerism.

Using BLAST software of NCBI to search for homology

in the GenBank database, the deduced amino acid sequence

showed an identity of 58%, 51%, 41%, 39%, 40%, 39%,

37%, 38%, 41% and 38% to the corresponding genes of

Nasonia vitripennis (XP_001607821), Aedes aegypti

(XP_001654840), Vibrio harveyi (YP_001446889), Marinomo-

nas (YP_001341406), Burkholderia ambifaria (ZP_01556895),

Sinorhizobium medicae (YP_001313058), Escherichia coli

(NP_752556), Pseudomonas mendocina (YP_001188257),

Mus musculus (AAI00402) and Drosophila melanogaster

(P36951). Using GENEDOC to analyze these amino acid

sequences, the result was shown in Figs. 4. Alignment of

several such members revealed important regions of con-

servation (motifs) that may include the active-site residues

of hydroxypyruvate isomerase. The MEGA 3.1 can con-

struct a phylogenetic tree according to these amino acid

sequence (Fig. 5). Through 3-D structure software, we

constructed an image of hydroxypyruvate isomerase pro-

tein, so the conformation depends on energy was clear

(Fig. 6).

RT-PCR analysis

Different tissues were obtained form feeding fifth instar

larva of silkworm strain 306 to extract total RNA, and

which then was reversed to cDNA. We had carried out the

PCR with these very cDNA, and the PCR analysis told us

the hyi gene existed in blood-lymph, fat body, silk gland,

midgut, tuba Malpighii, ovary and testis (Fig. 7).

Expression and purification 

The constructed plasmid was transformed into E. coli

BL21, then using IPTG to induce the E. coli BL21 for

expression. The expressed protein was inclusion body.

The molecular weight of hydroxypyruvate isomerase with

Fig. 4. Alignment of the sequence of B. mori hydroxypyruvate isomerase with corresponding protein from Nasonia vitripennis

(XP_001607821), Aedes aegypti (XP_001654840), Vibrio Harvey i(YP_001446889), Marinomonas (YP_001341406), Burkhold-

eria ambifaria (ZP_01556895), Sinorhizobium medicae (YP_001313058), Escherichia coli (NP_752556), Pseudomonas men-

docina (YP_001188257), Mus musculus (AAI00402) and Drosophila melanogaster (P36951). The black region meant the amino

acid sequences were completely identical.
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His tag was about 34 KDa. The protein was purified by

Ni-NTA system, then the purified protein was dialyzed to

inject animal for polyclonal antibody. The result of SDS-

PAGE was shown in Fig. 8

Mass spectrographic analysis

The peptide mass fingerprint has a high signal-noise ratio

(Fig. 9). Using mascot to analyze mass spectrographic

data, the protein was proved to be B.mori hydroxypyru-

vate isomerase with a high score of 123, and the sequence

coverage was 50%. This protein search used NCBInr as

database, Carbamidomethyl (C) as fixed modifications,

Oxidation (M) as variable modification and Trypsin as

cleavage enzyme. The matched peptide fragments were

located at the residues 3-20, 31-46, 123-150, 133-150,

151-158, 173-193, 194-209, 194-221, and 230-241 of the

Fig. 5. Phylogenetic tree analysis of B. mori, Nasonia vitripennis (XP_001607821), Aedes aegypti (XP_001654840), Vibrio harveyi

(YP_001446889), Marinomonas (YP_001341406), Burkholderia ambifaria (ZP_01556895), Sinorhizobium medicae (YP_001313058),

Escherichia coli (NP_752556), Pseudomonas mendocina (YP_001188257), Mus musculus (AAI00402) and Drosophila melano-

gaster (P36951). The neighbor-joining method was used to construct the tree.

Fig. 6. Three-dimensional structure of the hydroxypyruvate

isomerase from B.mori. The high energy region was marked

with red color, and the low energy region was marked with

blue color.

Fig. 7. Distribution of hyi gene in different tissues. 1. tuba

Malpighii; 2. blood-lymph; 3. silk gland; 4. midgut; 5. fat

body, 6. testis; 7. ovary. B.mori actin gene A3 was used as the

control to show the normalization of the amount of templates

in PCR reactions.

Fig. 8. 12% SDS-PAGE of protein. 1. Unpurified protein; 2.

Purified and dialyzed protein; M. Protein marker. Heating with

loading buffer in boiling water for 10 minutes, then the sample

was ready for SDS-PAGE.
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protein, and the corresponding peak value was 1631.9941,

2087.1704, 2359.3547, 1257.6545, 1859.0244, 1462.7448,

844.4857, 1500.8069 and 876.4802 respectively (Fig. 10).

This high score and sequence coverage could demonstrate

this result was credible.

Sub-cellular localization of hyi

Fig. 9. The peptide mass fingerprint of protein after Mass spectrographic analysis by ultraflex II MALDI TOF/ TOF MS. This pep-

tide mass fingerprint had high signal-noise ratio and peak value, which could guarantee the reliability.

Fig. 10. The sequence coverage of protein after blasted in Mas-

cot database. The sequence coverage was 50%. The score of

analyzed protein was 123. Start-End: position of covered

sequence; Observed: peak value measured by ultraflex II

MALDI TOF/ TOF MS; Calculated: the theoretical peak value

of this peptide in database; Sequence: the amino acid sequence

covered.

Fig. 11. Subcellular localization of hydroxypyruvate isomerase

in BmN cells. Cells on cover slip were treated with prepared

antibody, followed by treatment with FITC-conjugated goat

anti-rabbit IgG, and examined in fluorescence microscope.

From the left to the right: green fluorescence for hydroxypyru-

vate isomerase, bright field and the merged images.



Cloning and Characterization of hydroxypyruvate isomerase(EC 5.3.1.22) gene in silkworm Bombyx mori 195

The intracellular localization of hydroxypyruvate isome-

rase was determined by immunofluorescence using pre-

pared antiserum. In the photo, we can see that the cyto-

plasm was marked with green fluorescent, but in the

region of nucleolus there is nothing. The results revealed

that the protein localized primarily in the cytoplasm and

was not detectable in the nucleus (Fig. 11). 

Discussion

B.mori is an important economic and model insect of Lep-

idoptera. So studies on structures and functions of certain

related genes in B. mori have been paid more attention.

For the first time, we expressed the B.mori hyi gene and

analyzed this gene through bioinformatics tools. The

result was confirmed by RT-PCR, prokaryotic expression,

mass spectrographic analysis and sub-cellular localiza-

tion.

Through nucleotide sequence analysis, we found that

this gene contained a 783 bp ORF encoding a peptide of

260 amino acids, and had 4 exons. The GENEDOC soft-

ware showed us the conserved amino acids, which were

obtained by analyzing this protein in many species, so we

thought these sites had the role of enzymatic activity. We

also found that B. mori hydroxypyruvate isomerase had

the most high homology with that of Nasonia vitripenni,

for they are both insect and have close kinship. Hydrox-

ypyruvate isomerase had been found widely in prokary-

otes to eukaryotes suggesting that the enzyme reaction or

the enzyme itself was physiologically important.

Genes are known to be in every cell, but the transcript

may or may not be expressed in every tissue, PCR anal-

ysis revealed that this transcript was present in all B.mori

tissues, thus making this finding worth mentioning. The

widely existence in B.mori tissues could be the proof of

the importance of hyi gene. The hyi gene was expressed in

E. coli of BL21 strain, and the expressed protein was col-

lected for preparing polyclonal antiserum. Expressing in

E. coli of BL21 strain can product much protein, from

which the further study or industrialized production can

benefit. Using the data of mass spectrographic analysis to

blast in mascot database, the expressed protein was

proved to be B.mori hydroxypyruvate isomerase with a

high score of 123. This mass spectrographic analysis was

to identify if this protein is the right thing that we want.

The hyi gene was predicted to be expressed in cytoplasm,

not in cellular nucleus or membrane. Through immuno-

histochemical localization in BmN cells, we confirmed

the gene was indeed expressed in cytoplasm. However,

we still don’t know in which cell organ the protein is

located. Further studies on the location of hyi gene would

help us to know more about its function.

We can not indicate the glyoxylate cylcle is existence in

B.mori or other insects yet. So it is difficult to explain the

role of hydroxypyruvate isomerase. Maybe study should

be carried out on those pathways that hydroxypyruvate

related, for hydroxypyruvate is the product of enzymatic

isomerization of hydroxypyruvate isomerase.
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