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Using 3'and 5' rapid amplification of cDNA ends (RACE) techniques, the full-length cDNA sequence of the
Anman5A, a gene that encodes an acidophilic B-mannanase of Aspergillus niger LW-1 (abbreviated to
AnMan5A), was identified from the total RNA. The cDNA sequence was 1417 bp in length, harboring 5'- and
3'-untranslated regions, as well as an open reading frame (ORF) which encodes a 21-aa signal peptide, a 17-
aa propeptide and a 345-aa mature peptide. Based on the topology of the phylogenetic tree of f-mannanases
from glycoside hydrolase (GH) family 5, the AnMan5A belongs to the subfamily 7 of the GH family 5. Its 3-
D structure was modeled by the bitemplate-based method using both MODELLER 9.9 and SALIGN pro-
grams, based on the known 3-mannanase crystal structures of Trichoderma reesei (1QNO) and Lycopersicon
esculentum (1RH9) from the GH family 5. In addition, the complete DNA sequence of the Anman5A4 was am-
plified from the genomic DNA using the pUCm-T vector-mediated PCR and conventional PCR methods.
The DNA sequence was 1825 bp in length, containing a 5'-flanking regulatory region, 2 introns and 3 exons

when compared with the full-length cDNA.

Mannan, the second most abundant hemicellulose
after xylan, can be classified into 4 subfamilies: linear
mannan, glucomannan, galactomannan and galacto-
glucomannan. Each of these polysaccharides presents
a B-1,4-D-linked backbone, containing only mannose
residues or a combination of mannose and glucose res-
idues. For complete biodegradation of mannans, be-
sides -mannanase, B-mannosidase and B-glucosi-
dase, additional enzymes such as acetyl mannan es-
terase (EC 3.1.1.6) and a-galactosidase (EC 3.2.1.22)
are required to remove side-chain substituents [1]. B-
Mannanase (3-1,4-D-mannan mannohydrolase, EC
3.2.1.78) can catalyze the random cleavage of internal
[-1,4- D-mannosidic linkages of the mannan back-
bone [2]. To date, almost all known B-mannanases
have been grouped into glycoside hydrolase (GH)
families 5, 26 and 113 based on their primary sequence
alignment and hydrophobic cluster analysis (http://
www.cazy.org/). Recently, B-mannanases have attract-
ed much attention owing to their potential applica-
tions in diverse industrial processes [1]. Like the other
GH members, f-mannanases played important roles
in simplifying the industrial processes improving the
quality of products, and reducing the environmental
pollution caused by using the chemicals [3].

So far, B-mannanases have been isolated and char-
acterized from microorganisms, plants and meta-
zoans, among which filamentous fungi were consid-
ered to possess great potential for their production [4].
Studies have been performed on enhancing the [3-
mannanase activity by mutating enzyme-producing
strains and optimizing fermentation conditions, and

on producing enzyme on an industrial scale. However,
the commercialization and broad applications of -
mannanases are still limited by their low activities and
expensive production costs [5]. Therefore, increasing
the enzyme activities and improving its properties, by
means of genetic engineering, are highly desirable. Up
to date, some P-mannanase genes from filamentous
fungi, such as Aspergillus usamii (4], Aspergillus sul-
phureus (6], Aspergillus aculeatus [7], Biopora sp.
MEY-1 [3] and Trichoderma reesei [8], were cloned,
characterized and rationally modified, and several re-
combinant 3-mannanases were expressed in heterolo-
gous cells [3, 7].

In our previous research, the bimutation breeding
and fermentation conditions optimizing of Aspergillus
niger IW-1 for enhancing the [-mannanase
(AnMan5A) activity were performed [5, 9]. The enzy-
matic properties of the AnMan5A were also character-
ized, which possessed some crucial properties includ-
ing the superior V), and good chemical tolerance [10].
The aim of this study was the cloning of both full-
length cDNA and complete DNA sequences of the
AnmanbA, a gene that encodes an acidophilic B-man-
nanase of A. niger LW-1. Moreover, the bioinformatic
analysis of the AnManS5A and Anman5A sequences was
also described.

MATERIALS AND METHODS
Reagents and kits. Restriction enzymes, 7ag DNA
polymerase, T4 DNA ligase, X-gal, isopropyl 3-D-
1-thiogalactopyranoside (IPTG), DNA marker,
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RNA PCR Kit and 5'-Full RACE Kit were purchased
from TaKaRa (China). RNA extraction Kit, BCA-200
protein assay Kit and protein markers were obtained
from Sangon (China). Phenyl-Sepharose CL-4B,
DEAE-Sepharose FF and Sephadex G-75 were prod-
ucts of Pharmacia (Sweden). EZ-10 Spin column
DNA gel extraction Kit was purchased from BBI
(Canada). Locust bean gum and Coomassie brilliant
blue R-250 were products of Sigma (USA). All other
chemicals were of analytical grade.

Strains, media, and vector. 4. niger LW-1, isolated
from the soil in China as reported previously [9], was
used to extract the total RNA and genomic DNA. The
strain was cultured in a liquid medium containing (%):
of tryptone — 1.0, yeast extract — 0.5, dextrose — 1.0
and locust bean gum — 0.5 (pH 6.0). E. coli JIM109
(TaKaRa, China), used as a host strain for gene clon-
ing and DNA sequencing, was cultured in a Luria-
Bertani medium [11]. The pUCm-T vector (Sangon,
China) was used both for the vector-mediated PCR
method originally developed in our laboratory [4] and
for the directly cloning of PCR products.

Total RNA and genomic DNA extraction. A. niger
LW-1 was cultured at 32°C and 220 rpm for 36 h.
Mycelia were collected, and washed with deionized
water. Total RNA was extracted by using one-step
method according to the instruction of RNA extrac-
tion Kit. Analytical results of the extracted total RNA
showed that the ratio of OD,¢, to OD,g, was 1.96, and
the 18S and 28S rRNA bands, characterized for eu-
karyotes, on formaldehyde denatured agarose gel elec-
trophoresis [4] were specific, indicating that the total
RNA had high purity and was not decomposed. Ex-
traction of the genomic DNA from A. niger LW-1 was
performed according to the method reported previ-
ously [12].

Enzyme activity assay. f-Mannanase activity was
assayed by measuring the amount of released reducing
sugar from locust bean gum, using the 3,5-dinitrosali-
cylic acid (DNS) method as described previously [9].
One unit (U) of B-mannanase activity was defined as
the amount of enzyme liberating 1 umol of reducing
sugar equivalent per min under the assay conditions,
using D-mannose as standard.

Protein and carbohydrate content assays. SDS-
PAGE was performed on a 12.5% gel by the method of
Laemmli [13], and isolated proteins were visualized by
straining with the Coomassie brilliant blue R-250.
Protein concentration was determined by using the
BCA-200 Protein Assay Kit, using bovine serum albu-
min as a standard. Carbohydrate content of the puri-
fied native AnMan5A was assayed by the phenol-sul-
furic acid method [14], using D-mannose as a stan-
dard.

Purification of the AnMan5A. AnManS5A synthe-
sized by A. niger LW-1 was secreted into the solid-state
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culture medium (koji) [9]. The koji (10 g) was extracted
with 10 volumes (w/v) of 20 mM Na,HPO,—NaH,PO,
buffer (pH 7.0) at 30°C for 30 min with shaking
(100 rpm). The crude extract was fractionated by am-
monium sulfate at concentrations ranging from 40 to
75% saturation, and the fraction containing the
AnMan5A activity was retained. The resulting precip-
itate was dissolved in 10 ml of the same buffer, and
then dialyzed against it overnight. Subsequent purifi-
cation manipulations were performed by using phe-
nyl-Sepharose CL-4B hydrophobic chromatography,
DEAE-Sepharose FF ion exchange chromatography
and Sephadex G-75 gel filtration according to the
method reported previously [10].

Primers for PCR amplification. After aligning
4 fungal B-mannanase sequences from the GH family
5: A. usamii (ADZ99027), A. sulphureus (ABC59553),
A. aculeatus (AAA67426) and T. reesei (AAA34208),
we found 2 most conserved peptide fragments, GYF-
AGTNS(/CO)YW and STINTGADGLQ, located in
the N-terminal region. Therefore, 2 degenerate prim-
ers ManF1 and ManF2 were designed corresponding
to GYFAGTN and STINTGA, respectively. Primers
dT-PR and PR (original names, oligo dT-M,; primer
M, and M ; primer M,), as well as OP and IP (original
names, 5'-RACE outer primer and 5'-RACE inner
primer) were provided by RNA PCR Kit and 5'-full
RACE Kit, respectively. By pUCm-T vector-mediated
PCR, the 5'-flanking regulatory region of the
Anman5A of A. niger LW-1 was amplified using primers
T-5prF (identical to the 21-bp fragment upstream the
T/A clone site of the pUCm-T vector) and ManR1 or
ManR2. Primers CManF and CManR were used to
amplify the complete DNA sequence of the AnmanSA.
As listed in Table 1, all primers (except those provided
by Kits) were synthesized by Sangon (China).

Cloning of the full-length cDNA. The 3'-end frag-
ment of AnMan5A cDNA was amplified by using
RNA PCR Kit and nested PCR technique. The primer
dT-PR was used for reverse transcription of the first-
strand cDNA from the A. niger LW-1 total RNA. Us-
ing the resulting first-strand cDNA as template, the
first-round PCR amplification was carried out using
primers ManF1 and PR as following conditions: a de-
naturation at 94°C for 2 min; 30 cycles of at 94°C for
30 s, then 53°C for 30 s and 72°C for 75 s; an extra
elongation at 72°C for 10 min. Then the second-
round PCR amplification was performed for confir-
mation (nested PCR) using primers ManF2 and PR
under the same conditions as the first-round PCR.
Next, the 5'-end fragment of AnMan5A cDNA, orig-
inating from the transcription starting point, was am-
plified using 5'-full RACE Kit. The first-strand cDNA
was used as template for the first-round PCR using
primers OP and ManR1, and then subjected to the
second-round PCR using primers IP and ManR2 for
Ne 5
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The oligonucleotide sequences of primers for PCR amplification

Cloned fragments Primers Oligonucleotide sequences (5'—3")* Size, bp
3'-end fragment ManF1 GCTACTTYGCSGGVACSAAC 20
of AnMan5A cDNA ManF2 TCDACVATCAACACKGGNGC 20

dT-PR GTTTTCCCAGTCACGAC-Oligo dT 37
PR GTTTTCCCAGTCACGAC 17
5'-end fragment OoP CATGGCTACATGCTGACAGCCTA 23
of AnMan5AcDNA I p CGCGGATCCACAGCCTACTGATGATCAGTCGATG 34
ManR1 ATTGTCGATTTGCCGTCCTG 20
ManR2 GCAGTTGGTACCAGACTGTG 20
5'-flanking region T-5prF ACGACTCACTATAGGGCGACA 21
of the Anman5A ManR1 ATTGTCGATTTGCCGTCCTG 20
ManR2 GCAGTTGGTACCAGACTGTG 20
Complete DNA CManF GGATCCCACCACTCAGAGGAT 21
of the Anman5A4 CManR TTAAGTTTTACTTGTTTGATTT 22

*Y=C/T,S=C/G,V=A/G/C, D =A/G/T,K = G/T and N = A/T/G/C.

confirmation. Finally, the full-length cDNA sequence
of the Anman5A was identified by assembling above
cloned 3'- and 5'-end fragments of AnMan5A cDNA.

Cloning of the complete DNA. The pUCm-T vec-
tor-mediated PCR amplification, a novel method ini-
tially developed in our laboratory to amplify 5'- or 3'-
flanking region of a known DNA fragment, was per-
formed by 4 steps as flowcharted in Fig. 1 (exemplified
as the cloning of a 5'-flanking regulatory region of the
AnmanbA). Firstly, the A. niger LW-1 genomic DNA
was digested using two optimum restriction enzymes,
which were selected by a series of pre-experiments, to
obtain a longer unknown 5'-flanking region. In this
work, BamHI and EcoRV were selected for the diges-
tion of the genomic DNA. Secondly, a BamHI cohe-
sive end was filled in and an adenine nucleotide (A)
was added to the 3'-end of each DNA strand using 7aq
DNA polymerase at 72°C for 10 min. The third step
was the ligation of the second step’s products into
pUCm-T vector. And finally, the recombinant vectors
were first amplified using T-5prF and ManR1 to ob-
tain the 5'-flanking regulatory region of the Anman5A,
and then subjected to the second-round PCR using
T-5prF and ManR2 for confirmation. The complete
DNA sequence of the Anman5A was directly amplified
from the A. niger LW-1 genomic DNA by conventional
PCR using CManF and CManR.

Nucleotide sequence accession number. Both the
full-length cDNA and complete DNA sequences of
the Anman5A of A. niger LW-1 have been deposited in
the GenBank database under the accession numbers
of IN123356 and JN811092, respectively.

Analysis of the AnMan5A structures from A. niger
LW-1. The signal peptide of the preproAnMan5A was

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

predicted by using SignalP 3.0 (http://www.cbs.dtu.dk/
services/SignalP/). The putative N-glycosylation sites
were located by using the NetNGlyc program 1.0 (http://
www.cbs.dtu.dk/services/NetNGlyc/). The physico-
chemical properties of the mature AnMan5A were as-
sayed by using the Protparam (http://au.expasy.org/
tools/protparam.html). The homology alignment of the
protein primary structures between the AnManSA
from A. niger LW-1 and other 3-mannanases from the
GH family 5 was accomplished in GenBank using the
BLAST program. The phylogenetic tree was con-
structed by Swiss-Prot protein knowledgebase (http://
www.ebi.ac.uk/swissprot/) using the PC/GENE
CLUSTAL method [4]. The 3-D structure of the
AnMan5A was modeled by the bitemplate-based meth-
od using both MODELLER 9.9 (http://salilab.org/
modeller/) and SALIGN programs (http://salilab.org/
DBAIi/?page=tools &action=f salign), based on
known crystal structures of the 7. reesei f-mannanase
(1QNO) and Lycopersicon esculentum B-mannanase
(1IRH9) from the GH family 5.

Analysis of the Anman5A sequence from A. niger
LW-1. The open reading frame (ORF) was determined
by using the program of NCBI ORF Finder (http://
www.ncbi.nlm.nih.gov/gorf/gorf.html). The Gene-
Mark (http://opal.biology.gatech.edu/GeneMark/
eukhmm.cgi) was applied for the exact localization of
the exon/intron boundaries. The prediction of 5'-pro-
moter region and its characterization were carried out by
using both the Berkeley Drosophila Genome Project
(http://www fruitfly.org/seq_tools/promoter.html) and
PLACE (http://www.dna.affrc.go.jp/ PLACE /signalscan.
html).

Ne 5
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Fig. 1. Flowchart of the pUCm-T vector-mediated PCR and nested PCR amplification methods (exemplified as the cloning of

a 5'-flanking region of the Anman5A from A. niger LW-1).

RESULTS AND DISCUSSION

Purification and N-terminus sequencing. The native
AnMan5A from the cultivated koji of A. niger IW-1
was purified to homogeneity by using ammonium sul-
fate fractionation, phenyl-Sepharose CL-4B hydro-
phobic chromatography, DEAE-Sepharose FF ion
exchange chromatography and Sephadex G-75 gel fil-
tration [10]. The specific enzyme activity of the native
AnMan5A towards locust bean gum was 238.1 U/mg.
SDS-PAGE analysis revealed a single protein band of
about 48.0 kDa, an apparent molecular weight of the
native AnMan5A, which is larger than the theoretical
molecular weight of 38 kDa. The carbohydrate con-
tent of the purified AnMan5A was detected to be
25.2% using the phenol-sulfuric acid method. The N-
terminal amino acid sequence of the native AnMan5A
was analyzed on 470A automatic sequencer obtained
from Applied Biosystems (Foster, CA, USA). The se-
quence of N-terminal 15 amino acid residues was de-
termined to be SFASTSGLQFTIDGE, which is iden-
tical to those of the A. usamii and A. sulphureus 3-man-
nanase [4, 6].

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Cloning of the full-length cDNA of the Anman5A.
Using the reverse transcribed first-strand cDNA as
template, one 1.2-kb band and the other faint band
were amplified by the first-round PCR amplification
using primers ManF1 and PR (Fig. 2, lane 1). Based
on the principle of the nested PCR technique, each
band was agarose gel-purified and subjected to the sec-
ond-round PCR for confirmation using primers
ManF2 and PR. Only the 1.2-kb band can be ampli-
fied again (Fig. 2, lane 2), and then was ligated into
pUCm-T vector. DNA sequencing result verified that
the cloned 3'-end cDNA fragment was exactly 1213 bp in
length (except complementary sequence of dT-PR).
An approximate 450-bp band of the 5'-end cDNA
fragment was first-round amplified using primers OP
and ManR1 as a major PCR product (Fig. 2, lane 3),
and then subjected to the second-round PCR for con-
firmation using primers IP and ManR?2 (Fig. 2, lane 4).
DNA sequencing result showed that the first-round
major PCR product was exactly 394 bp in length (ex-
cept primers OP and IP), containing a 190 bp of se-
quence identical to that between ManF1 and ManR1,
and a 204 bp of sequence in which a transcription
Ne 5
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Fig. 2. Cloning of the full-length cDNA sequence of the
AnmanSA from A. niger LW-1. M — 250 bp DNA marker;
1 — one 1.2-kb band and the other faint band amplified by
the first-round PCR using primers ManF1 and PR; 2 — an
agarose gel-purified 1.2-bp band in lane 1 subjected to the
second-round PCR for confirmation using primers
ManF2 and PR; 3 — an approximate 450-bp band ampli-
fied by first-round PCR using primers OP and ManR1 asa
major PCR product; 4 — a gel-purified 450-bp band in lane 3
subjected to the second-round PCR for confirmation us-
ing primers IP and ManR2.

starting point (G) and a cDNA fragment encoding a
21-aa signal peptide, a 17-aa propeptide and a deter-
mined N-terminal 15 amino acid residues (SFASTS-
GLQFTIDGE) of the native AnMan5A were recog-
nized (Fig. 3). The full-length cDNA sequence was
obtained by assembling two cloned 3'- and 5'-end cDNA
fragments. It was 1,417 bp in length (except polyA),
including a 41 bp of 5'-untranslated region (5'-UTR),
a 1,152 bp of ORF encoding a 383-aa
preproAnMan5A, and a 224 bp of 3'-untranslated re-
gion (3'-UTR).

Analysis of the AnMan5A primary structure of
A. niger LW-1. The SignalP 3.0 predicted an unambig-
uous signal peptide cleavage site between Ala21 and
Leu22, indicating that the AnMan5A is a secretory
protein. With the information of the determined se-
quence of N-terminal 15 amino acids of the native
AnMan5A purified from A. niger LW-1, it was proba-
ble that a 383-aa preproAnMan5A was predicted to
contain a 21-aa signal peptide from Metl to Ala2l, a

ZHAO et al.

17-aa propeptide from Leu22 to Thr38 and a 345-aa
mature peptide (namely AnMan5A) (Fig. 3). Propep-
tides also exist in other 3-mannanases or microbial
enzymes [15, 16]. The molecular weight of 38 kDa and
pl of 4.15 were calculated from the deduced
AnMan5SA. There were 2 putative N-glycosylation
sites (N156-S-S158 and N225-F-T227) in the
AnMan5A sequence. Amino acid homology alignment
showed that identities of the AnMan5A from A. niger
LW-1 with other 4 fungal B-mannanases of A. usamii
(ADZ99027), A. sulphureus (ABC59553), A. aculeatus
(AAAG67426) and T. reesei (AAA34208) from GH fam-
ily 5 were 98.6, 93.0, 73.9 and 56.3%, respectively.
Alignment analysis also revealed that the AnMan5SA
sequence contained 7 functional amino acid residues
that were strictly conserved among the GH family
5 members [6]: 2 catalytic residues (acid/base, Glu168
and nucleophile, Glu276) located respectively in the
B4 and B7 strands, and 5 active site residues (Arg52,
Asnl67, His241, Tyr243, and Trp306) (Fig. 4). These
features verified that the AnMan5A from A. niger LW-1
was a member of GH family 5.

As the amino acid sequence identity among the
members of GH family 5 is less than 20%, an addition-
al classification into more than 10 subfamilies has
been introduced. As a result, GHs within any subfam-
ily show at least 25% sequence identity and may dis-
play similar substrate specificity. On the basis of their
sequence similarity and substrate specificity, 3-man-
nanases belong to subfamilies 7, 8 and 10 [17]. In 1998
B-mannanases from the eukaryotic and prokaryotic
organisms were grouped under subfamily 7 and 8, re-
spectively [18]. Phylogenetic tree of 24 known 3-man-
nanases from various microorganisms, plants and
metazoans of the GH family 5 and the A. niger LW-1
AnMan5A was constructed using the PC/GENE
CLUSTAL method as shown in Fig. 5. Based on the
topology of a phylogenetic tree, the AnMan5A is relat-
ed to B-mannanases from the subfamily 7 and is clos-
est to those of A. usamii (ADZ99027), A. sulphureus
(ABC59553) and A. aculeatus (AAA67426).

Analysis of the 3-D structure. Based on crystal
structures of the 7. reesei B-mannanase (1QNO) and
L. esculentum [-mannanase (1RH9) from the GH
family 5, we modeled the 3-D structure of the
AnMan5A from A. niger LW-1 using the bitemplate-
based method (Fig. 4). The 3-D structure consisted
principally of the (a./B)s TIM-barrel protein fold. The
structure has been likened to a ‘salad bowl’, with one

Fig. 3. Nucleotide sequence of the full-length cDNA or complete DNA of the Anman5A from A. niger LW-1 and its deduced ami-
no acid sequence of the AnMan5A. Two introns with sizes of 63 and 60 bp are shown in lowercase letters. A signal peptide from
Metl to Ala21 and a propeptide from Leu22 to Thr38 are underlined. The determined N-terminal 15 amino acid sequence of the
native AnMan5A is indicated in a grayed box. The bold letters of TATAAA and G in boxes indicate a putative TATA box and a
transcription starting point, respectively. The grayed italic letters of ATG and TAA represent the starting codon and stop codon,
respectively. A polyadenylation signal, AATAAA, is shown as grayed underlined letters. The bold arrows below the letters repre-

sent the primers for PCR amplification.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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GGATCCCACCACTCAGAGGATCTGAAACACACGGCAGAGGGTGTCGCCATACCGAATCGAGCACGGACAAAACAC

CManF
CTGCATCTGCAGATTGATTACCTACCACGATGATCGTCACCGCTCCGTTCTCAACTCGGTATCTGGGTGGTCCAG
AGATGGAGCCAAAGTCCCTTCCTGCTCCTCCTACAGGCCACTGCTTATTTCAGAACGGAGGGTCGTCCGTGTAGC
AGAAAACGGAAGGGACACTGAATAGCTAGCITATAAAIGGCACCTGAACCCTCATATCTTGAGTATCATAAACAAAC

CAAAGGAAATCAATCAAACGGTCACAATGAAGCTTTCCAACGCCCTCCTCACCCTGGCTAGCCTGGCGCTGGCCA
M KL SNALTULTTLAGSLATLA

ACGTCTCCACGGCTCTGCCGAAAGCCTCCCCTGCACCGAGCACCAGCAGCAGTGCTGCCTCCACCTCCTTCGCCA
N VS TALZ®PEKASPAPGSTSS S AAST E F E

GCACCTCCGGCCTCCAATTCACCATTGATGGOGAAACTGGCTACTTCGCCGGAACCAACAGCTACTGGATCGGTT
ManF1
B TSGLAQFTTIDGEHTGYFAGTNSYWTIG

TCCTCACTGACAACGCGGACGTCGACCTCGTCATGGGCCACCTGAAGTCGTCCGGCCTCAAGATCCTCCGCGTGT
FLTDNADVYVYDLVMGHLI KT S SG GLI KTITLT RY

GGGGCTTCAACGATGTCACCTCGCAGCCCTCCTCCGGCACAGTCTGGTACCAACTGCACCAGGACGGCAAATCGA

ManR2 ManR1
¥ G FNDVTSAQPSSGTVWYQLUHAGQQDGTIKS

CAATCAACACGGGTGCCGACGGTCTCCAGCGCCTCGACTACGTCGTCTCGTCTGCCGAACAGCACGACATCAAAC
ManF2
T I NTOGADGL QRLUDYVV S S AEAQHTIDTIEK
TCATCATCAACTTCGTCAACTACTGGACCGATTACGGTGGTATGTCTGCGTACGTGAGCGCGTATGGCGGATCCG
LI INFVNYWTDYGGMSAYVSAYGGS
GCGAGACGGATTTCTATACCAGTGATACCATGCAGAGTGCCTATCACACATATATCAAGACGGTCGTGGAGCGGT
G ETDFYTSDTMQSAYHTYTII KTVVEHR
ACAGTAACTCCTCGGCGGTGTTTGCGTGGGAGT TGGCGAATGAGCCGAGATGTCCGAGTTGCGATACTTCTGTGT
Y S NS SAVFAWELANEZPRTCPSTCDTS SV
TGTATAACTGGATTGAGAAGACGAGTAAGTTTATTAAGGGGTTGGATGCGGATCGTATGGTTTGTATTGGTGATG
LYNWTIEI KT SI KT FIIKGLDADIRMYCTIGT?D
gtgagttgccccatactcagtecttgattttagttttgtatggtgggtgctgatgaaaggtagAGGGCTTCGGTC
E G F G
TCAACATCGACTCAGACGGCAGCTACCCTTATCAATTCTCCGAGGGCTTGAACTTTACGATGAACCTCGGTATCG
LNIDSDGSYZPYQF SEGLNTFTMNLTGTI
ATACTATTGACTTTGGTACCCTCCACTTGTACCCTGATAGCTgtacgtaccecteteccecttactetecttgee
DTIDVFGTULUHLYUPDS
gtcaatatccagactaatcaaatgaagGGGGCACCTCCGACGACTGGGGCAACGGCTGGATCACCGCCCACGGCG
WG6GTSDDWGNGUWTITAHG
CAGCCTGCAAAGCAGCCGGCAAGCCATGTCTCCTGCAGGAATACGGAGTCACCTCGAACCACTGCAGTGTGGAGG
AACKAAGKPTCLLAGQEYGVYTSNHTCS SVE
GCTCGTGTCAGAAGACAGCGCTCAGCACAACGGGCGTCGGCGCGGATCTGTTCTGGCAGTATGGTGATGATTTGA
G SCQKTALSTTG GV GADILTFWQYGDTDL
GTACCGGGAAGTCGCCGGATGATGGGAATACTATCTACTATGGGACTAGTGATTATCAGTGCCTGGTGACGGATC
S TGKSPDDGNTTIYYGTS SDYQCLVTTD
ATGTTGCTGCTATTGGTAGTGCT TAAGGGGGATACTGAGACTGAGATGTGGGGGAAAGGATGTGATTGTTGGTGA
HV AAIGS A *

TTTGAGAATGTATGTACAAAAGGGGGGAAGCGGTGAATGAGAGTTGTTCGTTGAGTTTTTGGTAAACAATTGGAC
AGTCAAACCATCAGCCAAGACTAGCTAAGATACTGGGTATTTTGGTCACTGCTTTTCATAATAAAACATGCTATT
TATAAATCAAACAAGTAAAACTTAA

CManR
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(b)

Fig. 4. The 3-D structure of the AnMan5A from A. niger LW-1 modeled with the bitemplate-based method using both MOD-
ELLER 9.9 and SALIGN programs, based on crystal structures of the 7. reesei f-mannanase (1QNO) and L. esculentum -man-
nanase (1RH9). The 3-D structure consists principally of the (c/3)g TIM barrel fold. Two catalytic residues (Glu168 and Glu276)
and 5 active site residues (Arg52, Asn167, His241, Tyr243, and Trp306) were strictly conserved among the GH family 5 members.
(a) View along the barrel axis. (b) The “salad bowl” view showing the hydrophobic cleft for substrate binding and cleaving.

face of the molecule having a large radius (approxi-
mately 45 A) due to an elaborate loop architecture,
while the opposite face, which consists of simple o/
turns, had a radius of approximately 30 A. This was
similar to the fold described for GH family 10 enzymes
and both were members of GH clan-A [19]. Indeed,
two GH families 5 and 10 were quite closely related
and in addition to sharing a common fold they had the
same type of catalytic mechanism and shared several
common residues [17, 20]. Two catalytic residues,
Glul168 and Glu276, located in the hydrophobic cleft
of the AnMan5A, where the [3-1,4-D-mannosidic
linkages of the mannan or heteromannan backbone
were inserted and got cleaved.

Cloning of the complete DNA of the Anman5A4. An
approximate 750-bp 5'-flanking regulatory region of
the Anman5A from A. niger LW-1 was first amplified
using primers T-5prF and ManR1, then subjected to
the second-round PCR for confirmation using prim-
ers T-5prF and ManR2. DNA sequencing result
showed that the second-round PCR product was ex-
actly 657 bp in length (except the sequence from the
primer T-5prF to T/A clone site of pUCm-T vector),
containing a new 275-bp sequence and a 382-bp se-
quence identical to that from the transcription starting
point (G) to ManR2. Using the A. niger LW-1 genomic

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

DNA as template, an approximate 1.8-kb complete
DNA sequence of the Anman5A was directly amplified
by the conventional PCR using primers CManF and
CManR, and then cloned into pUCm-T vector, fol-
lowed by DNA sequencing. Result showed that the
DNA sequence was exactly 1,825 bp in length, con-
taining a 5'-flanking regulatory region, 3 exons and
2 short introns with sizes of 63 and 60 bp, respectively
(Fig. 3).

Analysis of the complete DNA of the Anman5A.
Compared with the full-length cDNA sequence of the
Anman5A, the complete DNA sequence was com-
posed of a 285 bp of 5'-flanking regulatory region, a
41 bp of 5'-UTR region, 2 short introns with sizes of 63
and 60 bp respectively, 1152 bp of ORFE and a 224 bp
of 3'-UTR. Both of the exon/intron boundaries con-
form to the canonical GT-AG rule. It was predicted
that the 5'-promoter region of the Anman5A located at
the range from —40 to +10 bp, designating the tran-
scription starting point (G) as + 1 bp. The TATAAA
sequence as a classical TATA box locates at —30 bp up-
stream the transcription starting point, which is in
agreement with the consensus distance generally
found in 5'-promoter regions of eukaryote genes. In
some cases, other consensus sequences, such as
TTATTT, also could act as substitutes for the classical
Ne 5
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Fig. 5. The phylogenetic tree showing the evolutionary relativity and the homological degrees among the 3-mannanase amino
acid sequences from the GH family 5. The estimated genetic distance between sequences is proportional to the lengths of the hor-

izontal lines connecting one sequence to another.

TATA box [21]. In eukaryotes, the functional CAAT
box is typically found about —75 bp upstream the tran-
scription starting point. Some CAAT boxes may locate
far from the starting point [22]. However, we did not
found any CAAT box in the Anman5A until —285 bp.
It was also found that the AATAAA sequence as a pu-
tative polyadenylation signal located at +1500 bp
downstream the transcription starting point.
skskook

The native AnMan5A purified from the cultivated
koji of A. niger LW-1 possesses some predominant
properties including the superior V), and good chem-
ical tolerance, pH stability and thermostability, which
are very suitable for industrial applications. But, its
purification processes were time-consuming and labo-
rious. To simplify the purification manipulations and
to produce the AnMan5A inexpensively, it is necessary
to express the Anman5A in heterologous cells, such as
Pichia pastoris GS115 that is one of the favorite hosts.

In this work, we developed a procedure to clone
both the full-length cDNA and complete DNA se-
quences of the Anman5A from A. niger LW-1 by using
4 steps of PCR amplification based on different prin-
ciples. In addition, the bioinformatic analysis of the
AnMan5A and Anman5A sequences was also reported.
Our present work provided a solid basis for further re-
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searches on the Anman5A expression in P. pastoris
GS115, the relationship between AnMan5A’s struc-
ture and function, and improvement of its enzymatic
properties by means of genetic engineering such as the
site-directed mutagenesis, directed evolution and
computational design.
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