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Mm-1, a novel c-Myc-binding protein, was first isolated
using the yeast two-hybrid screening of a human Hela cell cDNA
library (MORI et al. 1998). Mm-1 mRNA expresses in a variety of
adult mouse tissues, with especially high expression levels in
the brain and testis. It has been reported to repress the E-box-
dependent transcriptional activity of c-Myc by recruiting his-
tone deacetylase (HDAC) complex via TIF1 �/KAP1 (transcrip-
tional intermediary factor 1 �/KRAB domain-associated pro-
tein 1) (FUJIOKA et al. 2001, SATOU et al. 2001). FUJIOKA et al. (2001)
confirmed that Mm-1 was a candidate for a tumor suppressor
in leukemia/lymphoma and tongue cancer that controls the
transcriptional activity of c-Myc.

C-Myc is a member of Myc oncogene family, which in-
cludes three known members: cell-myc (c-Myc), human-myc
(N-Myc) and myc-related-gene (L-Myc) (ALT et al. 1986, DEPINHO

et al. 1987, CHEN 2000). The protein products of these three
oncogenes are transcription factors that play a role in cell pro-
liferation, apoptosis and in the development of human tumors
(ZAJAC-KAYE 2001). Among them, c-Myc activates or represses
the expression of genes that are thought to play roles in cell

cycle progression, apoptosis induction, or metabolism, and
misregulation of genes by c-Myc leads to cell transformation
or tumorigenesis (SATOU et al. 2001). It is thought to be one of
the most frequently activated oncogenes and is estimated to
be involved in 20% of all human cancers (DANG et al. 2006).
Therefore, the study of Mm-1 can provide a new path for
therapy of cancer.

Mm-1 can alternatively termed prefoldin 5 (prefoldin
subunit 5ÿPfd5) or Gim5 (genes involved in microtubule bio-
genesis protein 5 ÿin human (INAZU et al. 2005, VAINBERG et al.
1998, MARTIN-BENITO et al. 2007). It was reported that Pfd5/Gim5
functions well in the correct folding of newly synthesized
polypeptides in eukaryotic cells. During this process, it is one
of the subunits of PFD, which is a heterohexameric protein
that binds and stabilizes newly synthesized polypeptides and
transfer them to CCT (chaperonin containing TCP-1) for the
final correct folding and/or assembly (MARTIN-BENITO et al. 2002,
HANSEN et al. 1999).

Amphibians have evolved a large diversity of morpho-
logical changes that are different from aquatic vertebrates, in-
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cluding the tetrapod limb. They are a transitional group from
aquatic to terrestrial lifestyle during vertebrate evolution. There-
fore, they play a key role in the analysis of the evolution of
genes that function well in different animals (MANNAERT et al.
2006). In this study, we isolated and analyzed the sequence,
protein secondary structure and expression pattern of Mm-1
from Bufo gargarizans (Cantor, 1842). Combining with Mm-1s/
Pfd5s/Gim5s in other species we also discussed its phylogeny,
with the expectation of providing more information for fur-
ther research.

MATERIAL AND METHODS

A male and a female of B. gargarizans (also termed Chi-
nese large toad) were obtained from the Wuhu city in Anhui
province, China. Tissues from toad muscle, stomach, brain,
kidney, spleen, lung, liver, pancreas, testis, and ovary were re-
moved, frozen immediately and stored at -80°C.

Total RNA was extracted from toad testis with TRIzol
(Invitrogen) according to the manufacturer’s instructions. The
full-length BgMm-1 cDNA testis-derived was obtained with
GeneRacer kit (Invitrogen). Single-stranded cDNA was prepared
with SuperScriptTM III reverse transcriptase, following the oper-
ating instruction. To amplify a conservative fragment of BgMm-
1 cDNA, a pair of degenerate primers was designed based on the
conserved amino acid sequences that have been found in the
alignment of mammal and fish Mm-1s (mF: 5’-CTG(A/C)A(A/
G/T)GTCGT(G/C/T)CA(A/G)(A/G)CCAA(A/G/C)(T/C)-3’ and
mR:5’-NTGTGCC(A/G)GCCTG(C/A/T)GCCG(C/T)-3’). PCR reac-
tion was carried out in a 25 µl reaction mixture containing 16 µl
ddH2O, 100 ng of cDNA, 1.5 mM Mg2+, 200 µM of each dNTP,
0.2 µM of each primer and 1 unit of Taq DNA polymerase (MBI
Fermentas, Lithuania). The cycling conditions were three min-
utes at 95°C, 30 cycles of 40 s at 94°C, 40 s at 64°C, 1 min 20 s at
72°C and finally a 10 min elongation at 72°C. The sequence
information of the cDNA fragment was used to design gene-
specific primers for 5’ or 3’ RACE, (5’-GSP: 5’-GCTCATCATTT
CTACCACGGCTTGCT-3’; 3’-GSP: 5’-GTAGATAAGACTGCGGAT
GATGCC-3’). The temperature conditions for 5’- and 3’-RACE
were as follows: five cycles of denaturation at 94°C for 1 min 30
s, and 25 cycles of denaturation at 94°C for 30 s and annealing
at 67°C for 2 min. The amplified PCR products were isolated
from 1.5% agarose/TBE gels, cloned into pCR®4-TOPO® vector
(Invitrogen, USA) and sequenced at Shanghai Invitrogen Bio-
technology Co. Ltd. (Shanghai, China).

The searches for nucleotide and protein sequence simi-
larities were conducted with basic local alignment search tool
(BLAST). The identity matrixes of the nucleotide and amino
acid sequences were made with BioEdit sequence alignment
editor. The deduced amino acid sequence was analyzed with
the Editseq program and the protein domain features of BgMm-
1 were determined by using Predict Protein sever and SWISS
MODEL server. The modeling of the predicted protein second-
ary structure was carried out with SWISS MODEL server.

Multiple alignment of Mm-1s was performed using
CLUSTAL X1.8 program. Aligned amino acid sequences were
used to construct a phylogenetic tree by the neighbor-joining
method using MEGA V3.0 program. Bootstrap analysis with
1000 replicates was used to assess the strength of the nodes in
the tree.

Total RNA samples were isolated from eleven tissues of
adult B. gargarizans, such as muscle, heart, brain, kidney, spleen,
testis, ovary, lung, liver, pancreas and stomach, with TRIzol
(Invitrogen) according to the manufacturer’s instructions.
Single-stranded cDNA were synthesized from 5 µg of total RNA
by reverse transcription with M-MLV RTase (TaKaRa, Dalian,
China), primed with Oligo(dT)18, and used as template for PCR.
A pair of primers (mmF: 5’-AGTATGTAGAGGCGAAGGA-3’ and
mmR: 5’-ATTTCTACCACGGCTTGCT-3’) was designed and syn-
thesized based on the sequence of BgMm-1. The cycling condi-
tions were 3 min at 95°C, 30 cycles of 40 s at 94°C, 40 s at
55°C, 1 min 20 s at 72°C and finally with a 10 min elongation
at 72°C.

In the positive control assay, a pair of primers specific to
elongation factor 1� (EF1 �) (H1: 5’-TCCACCACCACCGGC
CACCT-3’, H2: 5’-CTCCCACACCAGCAGCAACAAT-3’) were
synthesized. The cycling conditions were 2 min at 95°C, fol-
lowed first by 5 cycles of 30 s at 94°C, 40 s at 48°C and 2 min at
72°C, then by 30 cycles of 30 s at 94°C, 40 s at 52°C and 2 min
at 72°C with a final 10 min elongation at 72°C. The PCR prod-
ucts were detected on 1.5% agarose gels.

RESULTS AND DISCUSSION

The cDNA sequence of BgMm-1
The obtained full length cDNA was named as BgMm-1

(Mm-1 of B. gargarizans) and has been submitted to GenBank
(accession number: EF211947). BLAST search showed its ho-
mology at amino acids level with orthologues of Mus muscu-
lus Linnaeus, 1758 and Homo sapiens Linnaeus, 1758 MM-1
isoform � by 81% and 80% respectively. The cDNA nucle-
otide and deduced amino acid sequence of BgMm-1 are shown
in figure 1. It is 755 bp long, and is composed by an ORF of
459 bp encoding a putative protein of 152 amino acids, a
5’untranslational region (UTR) of 14 bp and a 3’-UTR (includ-
ing a polyA tail) of 282 bp. There was a conserved prefoldin
�-like domain at amino acid position 22-145, suggesting that
BgMm-1 participates in polypeptide folding. A putative leu-
cine zipper motif was found at amino acid position 15-36,
with a leucine residue every seven amino acids and with the
motif being found partially into the conserved domain. It has
been indicated that a protein with a leucine zipper motif was
a transacting factor that can regulate the transcription of sev-
eral genes in eukaryotic cells (WANG et al. 1998). The leucine
zipper motif can mediate dimerization of a number of differ-
ent proteins, including a class of DNA-binding proteins
(KONSTANTINOV et al. 1994). It can be predicted that BgMm-1
may be involved in some regulation process.
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Multiple alignment of Mm-1s and the sequence
identity analysis

Species and sequence accession numbers of Mm-1/Pfd5/
Gim5 of 15 different organisms (Mammal, Fish, Insect, Plant,
Fungi, and Archaea) used in the multiple alignment and se-
quence identity analysis were included in table I.

According to the alignment (Fig. 2), the amino acid se-
quences of Mm-1s/Pfd5s/Gim5s kept high identity in its core

region, but changed considerably at the N and C terminals
between classes during their evolution. This might suggest that
the core region is key for the conservative function of the cor-
rect protein folding or c-Myc transcriptional activity repres-
sion. The amino acid sequences shared higher identity intraclass
than interclass. For example, mammal were highly similar to
one another, especially for H. sapiens, Pan troglodytes Blumen-
bach, 1775 and Macaca mulatta Zimmermann, 1780, whose

 1 G G G G C T C C T C C A A G A T G G C G C A G A C T G T G A A C A T T A C G G A T C T G T C T C T G C A G C A G C T C G

M A Q T V N I T D L S L Q Q L E

 61 A G G G A C T G A A A A G T C A G C T G G A T C A G G A A G T G G A G T T C C T G T C C T C C T C C A T C G C T C A G C

 17 G L K S Q L D Q E V E F L S S S I A Q L

 121 T G A A A G T C G T G C A A A C C A A G T A T G T A G A G G C G A A G G A T T G T C T G A G C G T G T T A C A T A A G A

 37 K V V Q T K Y V E A K D C L S V L H K S

 181 G C A A T G A A G G G A A A C T A A T T C T T G T C C C T C T G A C G A G T T C T A T G T A T G T G C C G G G T A C A C

 57 N E G K L I L V P L T S S M Y V P G T L

 241 T C T C C G A C G T A T C C A A T G T G C T C A T A G A T G T G G G T A C T G G A T A T T A T G T A G A T A A G A C T G

 77 S D V S N V L I D V G T G Y Y V D K T A

 301 C G G A T G A T G C C A A A G A T T T T T T C A A G A G A A A G A T T G A T T T C C T T A C G A A G C A A A T T G A G A

 97 D D A K D F F K R K I D F L T K Q I E K

 361 A G A T T C A G C C G G C T T T G C A G G A A A A A C A T G C T A T G A A G C A A G C C G T G G T A G A A A T G A T G A

 117 I Q P A L Q E K H A M K Q A V V E M M S

 421 G C A T A A A A C T C C A G C A G T T G T C A G C G G C A C A G G C T G G C A C A T C C A A G G C C T A G T C C A G T T

 137 I K L Q Q L S A A Q A G T S K A

 481 T A C A G C G A G C G C C T G G C A C G G A T C C T C T T C A C A G C A G C T G C T G C C C C A T C T T C C T G C A G T

 541 G A G G G G T G A T C A C C G G T A T C C C T G G C C G T A C C T G C C A A T G C A G T A A A C C C C T T T A C T A C A

 601 A C C A G C C C C A G C C G A G C G T C G C C T C A G A G A C T G T G T G T G A C A C T T T T A C T G C T T T T T C A G

 661 C C A A G G G G T T A A T T T A T T C A T T T T T T T T A T T T T T T T G G A T A T G A T A T A A A G G C A T C C A G A

 721 C C C A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

Figure 1. cDNA nucleotide and deduced amino acid sequence of BgMm-1. Nucleotides are numbered above and amino acids are num-
bered below. A prefoldin �-like domain, the initial code“ATG” and the termination codon “TAG” are boxed; the motif associated with
mRNA instability “ATTTA”, the tailing signal “ATAAA” and poly (A) in the 3’-untranslated region are lined below. Four leucines of a putative
leucine zipper motif are in bold and shaded letters. Amino acid sequences inside the biggest box denote Prefoldin �-like domain.
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sequences were completely identical. Similarly, the sequences
of the three yeasts, Saccharomyces cerevisiae Hansen, 1883,
Vanderwaltozyma polyspora Kurtzman, 2003 and Kluyveromyces
lactis, Boidin, Abadie, J.L. Jacob & Pignal, 1971 were also very
similar. These may lay the gene foundation for the close rela-
tionships of these species. Some classes even had their charac-
teristic residues, such as fungi and mammals, marking the pro-
cess of evolution. Generally speaking, all those properties made
up the conservation and diversity of Mm-1s.

The identity matrixes of the nucleotide and amino acid
sequences shown in table II revealed that: (1) the 5 mamma-
lian gene sequences were highly similar with each other (the
first boxÿnucleotideÿ0.907-0.997; amino acid, 0.967-1.0), re-
vealing their absolutely close genetic relationship; (2) B.
gargarizans Mm-1ÿisolated in this researchÿshared high homol-
ogy with the mammalian orthologues (the first box, nucleotide,
0.709-0.731; amino acid, 0.805-0.811); (3) Danio rerio Hamilton,

1822 was quite distant from the mammalian orthologues; (4)
the nucleotide sequence of S. cerevisiae was absent from the
table. However, based on the amino acid homology (the sec-
ond box, 0.730, 0.705) it can be found that S. cerevisiae was
closely related to V. polyspora and K. lactis. The identity value
nucleotide (0.675) and amino acid (0.685) suggested high simi-
larity of V. polyspora and K. lactis. Above all, these three yeasts
had relatively closer relationship than that with other fungi;
(5) the higher fungi M agnaporthe grisea (T.T. Hebert) M.E. Barr,
1977was closely related with Neurospora crassa Shear & B.O.
Dodge, 1927 for the high identity of both the nucleotide and
amino acid sequences (the last box, 0.619, 0.703). All these
results were consistent with the multiple sequence alignment.

Protein secondary structure
Pfd5/Gim5 is one of the subunits of PFD, which is a

heterohexameric protein that has undergone an evolutionary
change in subunit composition, from two PFD� and four PFD�

Table I. Gene sequences included in alignment and phylogenetic analysis.

Gene name Taxonomic groups Species Organism Accession number

Mm-1/Pfd5/Gim5 Mammal Homo sapiens Linnaeus, 1758 Human NP_002615

Pan troglodytes Blumenbach, 1775 Chimpanzee XP_509097

Macaca mulatta Zimmermann, 1780 Monkey XP_001104576

Bos taurus Linnaeus, 1758 Cattle NP_777157

Mus musculus Linnaeus, 1758 Mouse AAD28373

Fish Danio rerio Hamilton, 1822 Zebrafish NP_001104665

Insect Anopheles gambiae Giles, 1902 Mosquito XP_311700

Drosophila melanogaster Macquart, 1843 Fruit fly NP_651053

Plant Arabidopsis thaliana (L.) Heynh, 1842 Thale cress NP_197720

Fungi Saccharomyces cerevisiae Hansen, 1883 Yeast NP_013616

Pichia stipitis Pignal, 1967 Yeast XP_330151

Vanderwaltozyma polyspora (Van der Walt) Kurtzman, 2003 Yeast XP_001387840

Kluyveromyces lactis (Boidin, Abadie, J.L. Jacob & Pignal) Van
der Walt 1971

Yeast XP_001643133

Neurospora crassa Shear & B. O. Dodge, 1927 XP_369828

Magnaporthe grisea (T.T. Hebert) M. E. Barr, 1977 XP_453521

Pfd � Archaea Methanopyrus kandleri Kurr et al. 1992 NP_614897

Archaeoglobus fulgidus Stetter, 1988 O28216

Aeropyrum pernix Sako et al. 1996 Q9YD28

Methanosarcina acetivorans Sowers et al. 1986 Q8TIN6

Pfd3/Gim2 Mammal Homo sapiens Linnaeus, 1758 Human NP_003363

Protozoa Plasmodium falciparum Welch, 1897 P48363

Fungi Neurospora crassa Shear & B.O. Dodge, 1927 XP_001349087

Saccharomyces cerevisiae Hansen, 1883 Yeast CAF05883

HSP60 Mammal Homo sapiens Linnaeus, 1758 Human AAF66640
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5 15 25 35 45 55
H. sapiens - - - - - - - - - - MA Q S I N I T E L N L P Q L E M L K N Q L DQ E V E F L S T S I A Q L K V V Q T K Y V E A K D C L
P. troglodytes - - - - - - - - - - MA Q S I N I T E L N L P Q L E M L K N Q L DQ E V E F L S T S I A Q L K V V Q T K Y V E A K D C L
M. mulatta - - - - - - - - - - MA Q S I N I T E L N L P Q L E M L K N Q L DQ E V E F L S T S I A Q L K V V Q T K Y V E A K D C L
M. musculus - - - - - - - - - - MA Q S I N I T E L N L P Q L E M L K N Q L DQ E V E F L S T S I A Q L K V V Q T K Y V E A K D C L
B. taurus - - - - - - - - - - MA Q S V N I T E L N L P Q L E M L K N Q L DQ E V E F L S T S I A Q L K V V Q T K Y V E A K D C L

* * *
B. gargarizans - - - - - - - - - - MA Q T V N I T D L S L QQ L E G L K S Q L DQ E V E F L S S S I A Q L K V V Q T K Y V E A K D C L
D. rerio - - - - - - - - - - - - MA V N L T E L S L P Q L E G L K T Q L DQ E T E F L S S S I A Q L K V V Q T K Y V E A K D S L
D. melanogaster MA A T P S A P - A K S E M I D L T K L S P E Q L I Q I K Q E F E Q E I T N V Q D S L S T L H G C Q A K Y A G S K E A L
A. gambiae MA Q I S T T E K P QMQQ I D L N T L N L QQ L T Q L K N Q L DQ E L S I F Q E S L N T I K MA R S K Y S A S K E A L
A. thaliana MA S - - - - - - - S S S R G E M E K M G I DQ L K A L K E Q A D L E V N L L Q D S L N N I R T A T V R L D A A A A A L

S. cerevisiae - - - - - - - M S S - - Q K I D L T K L N P E Q L N A V K Q Q F DQ E L Q H F T Q S L Q A L T MA K G K F T E C I D D I
V. polyspora - - - - - - - M S S - - Q K I D L T K L N P E Q L T L V K Q Q F DQ E L Q H F T Q S L Q A L V V A R N K F A E C V E D V
K. lactis - - - - - - - M S S - - Q K I D L T Q L N P E Q L T V V K Q Q I DQ E L Q H F T Q S L H A L NMA R S K F K E C I D D I
P. stipitis - - - - - - - M S N P - S T V D L N S L E P QQ L V E F R K S I DQ E I N H F T Q S L Q A L Q T A Q S K L R E C I S S I
M. grisea - - - - - - - MA G R E QQ I N L D S L S T QQ L S A V K K Q L D E E V E H L T A S F T Q L H A A Q G K F R E C L R I V
N. crassa - - - - - - - M S G K Q E G V N I E S L S A QQ L T A V K Q Q L D E E V E H L T A S Y T Q L A A A Q A K F K E C L R I V

# # #

65 75 85 95 105 115
H. sapiens N V L N K S - N E G K E L L V P L T S S MY V P G K L H D V E H V L I D V G T G Y Y V E K T A E D A K D F F K R K I D F
P. troglodytes N V L N K S - N E G K E L L V P L T S S MY V P G K L H D V E H V L I D V G T G Y Y V E K T A E D A K D F F K R K I D F
M. mulatta N V L N K S - N E G K E L L V P L T S S MY V P G K L H D V E H V L I D V G T G Y Y V E K T A E D A K D F F K R K I D F
M. musculus N V L N K S - N E G K E L L V P L T S S MY V P G K L H D V E H V L I D V G T G Y Y V E K T A E D A K D F F K R K I D F
B. taurus N V L K K N - N E G K E L L V P L T S S MY V P G K L H D V E H V L I D V G T G Y Y V E K T A E D A K D F F K R K I D F

B. gargarizans S V L H K S - N E G K L I L V P L T S S MY V P G T L S D V S N V L I D V G T G Y Y V D K T A D D A K D F F K R K I D F
D. rerio N V L N K S - N E G K E L L V P L T S S MY V P G K L H D V D H V L V D V G T G Y F V E K N V E D G K E F F K R K I D F
D. melanogaster G T F Q P N - W E N R Q I L V P L T S S MY V P G R V K D L N R F V I D I G T G Y Y I E K D L E G S K D Y F K R R V E Y
A. gambiae E Q F K G D - W N E K Q I L V P L T G S MY V P G T I K D A N N V I I E I G T G Y Y V E N D L D S A K E F F K R R I E Y
A. thaliana N D L S L R - P Q G K K M L V P L T A S L Y V P G T L D E A D K V L V D I G T G Y F I E K T MD D G K D Y C Q R K I N L

S. cerevisiae K T V S Q A G N E G Q K L L V P A S A S L Y I P G K I V D N K K F MV D I G T G Y Y V E K S A E A A I A F Y Q K K V D K
V. polyspora K S V S A K E N E D Q K I L I P A S S S L Y I P G K I V D N Q K F MV D I G T G Y Y V E K S A E E A I A F Y T K K I E K
K. lactis K T V S R D D N A N Q N L L V P L S G S L Y V S G K I Q D N K K F MV D V G T G Y Y V D K S A E D A I Q F Y Q K K V D K
P. stipitis N N L E K S S S D D - - L L I P L T S S L Y L P G K S I K K N E F L V D I G T G Y F V E K S A K D A K Q V Y D Y K I T K
M. grisea K E Q S A S P E A K K D V L V P L T N S L Y V R G K L S D P S N V L V D V G T G F Y I E K S T T S A A E F Y E A K V K E
N. crassa Q T G S S S F D D N K D I L V P L T N S L Y V K G K L S N P D R V I V D V G T G F Y V E K D T K S A T D F Y D A K V K E

125 135 145 155 165
H. sapiens L T K QM E K I Q P A L Q E K H A M K Q A V M E MM S Q K I QQ L T A L G A A Q A - T A K A - - - - - -
P. troglodytes L T K QM E K I Q P A L Q E K H A M K Q A V M E MM S Q K I QQ L T A L G A A Q A - T A K A - - - - - -
M. mulatta L T K QM E K I Q P A L Q E K H A M K Q A V M E MM S Q K I QQ L T A L G A A Q A - T A K A - - - - - -
M. musculus L T K QM E K I Q P A L Q E K H A M K Q A V M E MM S Q K I QQ L T A L G A A Q A - T V K A - - - - - -
B. taurus L T K QM E K I Q P A L Q E K H A M K Q A V M E MM S Q K I QQ L T T L G A A Q A - T A K A - - - - - -

* * *
B. gargarizans L T K Q I E K I Q P A L Q E K H A M K Q A V V E MM S I K L QQ L S A A Q A G - - - T S K A - - - - - -
D. rerio L T K Q I E K I Q P A L Q E K Y A M K Q A V V E V MNMK L QQ L H S QQ A S Q S G T T K A - - - - - -
D. melanogaster V Q E Q I E K I E K I H L Q K T R F Y N S V M S V L E MK Q A A A A K L Q S QQ Q S Q P A V T Q S S - -
A. gambiae V Q E Q L E K I E M MG I E K S K I R D T I R E V M E K K L T Q F S K E L Q A K K R D A E - - - - - - -
A. thaliana L K S N F DQ L F E V A A K K K S V A D E A GMV L Q A K V K Q L T A A T T S - - - - - - - - - - - - -

S. cerevisiae L N K E S V Q I Q D I I K E K T Q Y S L S I E A Q I R Q A A I R Q H E A M S K Q QQQQ Q K K E S S T A
V. polyspora L N G E S GQ I Q A I I K E K T Q S S L A I E T Q I R QMA V K Q H E E MA K K QQ E Q K - - - - - - -
K. lactis L N K E S L Q I Q E I I K E K NQ S S L A I E NQ L R I A A I K Q H E QMA A A Q K S - - - - - - - - -
P. stipitis L N D D G R K L K D I L V Q K N E I L N S V N L V L R K K M I E Y E S QQ E A A A E QQ K V S A - - - -
M. grisea L G G N I Q G L E G I V Q G K T N N L R V V E E V L R Q K - L A T G A K P S - - - - - - - - - - - - - -
N. crassa L G A N I Q N L E A I V Q G K T N N L R V V E E V L R Q K V L A Q G A G P A S A Q A - - - - - - - - - -

# #

Figure 2. Multiple alignment of the amino acid sequences of Mm-1s from toad and many other species. Similar amino acids in the
sixteen proteins are marked black, and ten to fifteen similar amino acids are marked gray. The characteristic residues of the Mammal and
Fungi are marked by “*” and “#”, respectively, under the sequence.
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subunits in archaea to six different subunits (two �-like and
four �-like subunits) in eukaryotes (MARTIN-BENITO et al. 2007).
In animal cell, PFD is a heterohexameric protein composed by
six subunits PFD1-6 (LEROUX et al. 1999). In yeast, the homol-
ogy of PFD, the cognate complex, consists of six different sub-
units (Gim1-6) (SIEGERS et al. 1999ÿOKOCHI et al. 2004, LEROUX et
al. 1999). However, in Archaea the counterpart gene GimC is
made up of two � and four � subunits. (LEROUX et al. 1999). All
the PFDs (or Gims) in the PFD family, were classified into two
classes, that is, � class: eucaryotic Gim5 (Pfd5), Gim2 (Pfd3)
and archaebacterial Gim�; � class: eucaryotic Gim1 (Pfd6),
Gim3 (Pfd4), Gim4 (Pfd2), Gim6 (Pfd1) and archaebacterial
Gim� (LEROUX et al. 1999).

In this study, a leucine zipper was present in the second-
ary structure of BgMm-1, as revealed by the amino acid se-
quence analysis, together with two �-helices and four �-strands
(Fig. 3). And the secondary structure of BgMm-1 was identical
to that of H. sapiens MM-1 (Fig. 4), but different from H. sapi-
ens PFD1, which consisted of two �-helices and two �-strands
(Fig. 5). According to the schematic representation of Gim sub-
units in LEROUX et al. (1999), BgMm-1 and H. sapiens MM-1 be-
longing to the � class of PFD family and H. sapiens PFD1 be-
longing to the � class.

Phylogenetic analysis
In order to analyze the phylogeny of Mm-1 and the evo-

lution relationship between Mm-1 and other genes in � class
of PFD family, several Gim2/Pfd3 and Pfd� sequences were used

in the construction of the NJ phylogenetic tree. The human
heat shock protein HSP60, another kind of chaperone, served
as the outgroup (Fig. 6). Sequences applied in the phylogenetic
tree were listed in table I.

There were two large branches, “a”-Mm-1/Pfd5/Gim5 and
“b”-Pfd3/Gim2 in the NJ tree. Interestingly, the archaebacteria
Pfd� were divided into two clades, with Aeropyrum pernix Sako
et al., 1996 Pfd� classified into clade of “a” (Gim2) and others
in clade of “b” (Gim5). According to the classification of PFD
family in LEROUX et al. (1999), all the sequences used in the
phylogenetic tree were members of � class of PFD family. And
archaebacteria seemed to be very simple, with only one repre-
sentative gene in this class. Combing with the cluster result, it
can be presumed that archaebacterial Pfd� were the ancestor
of the eukaryotic orthologues, and then some genes like A.
pernix Pfd� evolved into eukaryotic Pfd3/Gim2 and others like
Archaeoglobus fulgidus Stetter, 1988 Pfd� evolved into eukary-
otic Mm-1/Pfd5/Gim5 during evolution process.

As for group of Gim5, archaebacteria, the lowest prokary-
ote were at the base and fungi were clustered into two clades,
with yeasts (S. cerevisiae, V. polyspora, K. lactis, and Pichia stipitis
Pignal, 1967) beneath higher fungi such as N. crassa and M. grisea;
plant was above fungi and beneath invertebrate insects; the
higher vertebrates clustered together, and the amphibian B.
gargarizans was placed between fishes and mammals. All mam-
mals clustered into a single clade, as in the case of the three
yeasts: S. cerevisiae, V. polyspora and K. lactis. The cluster rela-

Table II. Identity matrices of the nucleotide and amino acid sequences.

Seq M. mul H. sap P. tro M. mus B. tau B. gar D. rer D. mel A. gam A. tha S.cer V. pol K.l ac P. sti M. gri N. cra

M. mul 1.000 1.000 0.993 0.974 0.811 0.780 0.321 0.375 0.318 0.321 0.327 0.339 0.310 0.348 0.345

H. sap 0.980 1.000 0.993 0.974 0.811 0.780 0.321 0.375 0.318 0.321 0.327 0.339 0.310 0.348 0.345

P. tro 0.978 0.997 0.993 0.974 0.811 0.780 0.321 0.375 0.318 0.321 0.327 0.339 0.310 0.348 0.345

M. mus 0.907 0.911 0.909 0.967 0.811 0.780 0.321 0.369 0.318 0.321 0.327 0.339 0.310 0.348 0.345

B. tau 0.933 0.931 0.929 0.913 0.805 0.774 0.321 0.375 0.312 0.315 0.320 0.333 0.310 0.329 0.339

B. gar 0.731 0.729 0.726 0.709 0.716 0.754 0.309 0.381 0.322 0.278 0.295 0.314 0.298 0.365 0.364

D. rer 0.286 0.281 0.283 0.279 0.283 0.281 0.321 0.345 0.322 0.300 0.305 0.324 0.343 0.339 0.345

D. mel 0.205 0.209 0.209 0.226 0.214 0.226 0.254 0.420 0.244 0.302 0.282 0.252 0.276 0.252 0.282

A. gam 0.296 0.296 0.296 0.301 0.292 0.278 0.274 0.256 0.286 0.250 0.296 0.290 0.250 0.260 0.248

A. tha 0.290 0.292 0.292 0.292 0.283 0.294 0.290 0.254 0.303 0.232 0.211 0.220 0.262 0.277 0.291

S. cer  - - - - - - - - - - 0.730 0.705 0.378 0.339 0.327

V. pol 0.282 0.286 0.286 0.280 0.278 0.282 0.305 0.264 0.254 0.267 - 0.685 0.375 0.341 0.348

K. lac 0.268 0.268 0.270 0.266 0.275 0.266 0.320 0.252 0.254 0.277 - 0.675 0.400 0.352 0.378

P. sti 0.240 0.246 0.246 0.259 0.253 0.257 0.218 0.262 0.269 0.212 - 0.255 0.248 0.322 0.335

M. gri 0.311 0.307 0.309 0.331 0.320 0.291 0.242 0.197 0.296 0.346 - 0.220 0.253 0.295 0.703

N. cra 0.286 0.286 0.286 0.277 0.292 0.279 0.288 0.248 0.284 0.286 - 0.265 0.252 0.257 0.619

The nucleotide matrix is in lower diagonal and the amino  acid matrix is in the upper diagonal. The highest identity values are boxed.
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Figures 3-5. Protein secondary structure: (3) BgMm-1; (4) Homo sapiens MM-1 (NP_002615); (5) Homo sapiens PFD1 (NP_002613).

Figure 6. Molecular phylogenetic NJ tree of � class gene of PFD family derived from various species based on the amino acid level. Scale
bar equals 0.2 unit of Kimura’s two-parameter distance. Bootstrap numbers from 1000 replicates higher than 50% are showed.
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tionships were consistent with result of the sequence alignment
(Fig. 2) and the identity matrices (Tab. II) discussed above. From
the tree it can be found that Mm-1 was firstly emerged as Pfd�

in archaebacteria, and then evolved in two paths when eukary-
otes appeared, one was in the fungi path and another was in the
animal and plant path. Although the different evolutional path,
the gene still kept conservation and the phylogenetic relation-
ships of Mm-1 was consistent with the evolution of species.

Expression analysis
The expression of BgMm-1 was analyzed with RT-PCR

method. The BgMm-1 specific fragments (277bp) were detected
in muscle, stomach, brain, kidney, heart spleen, lung, liver,
pancreas, testis, and ovary, such as the positive control gene
EF1� (300bp) (Fig. 7). Meanwhile, similar wide expression was
reported on mouse Mm-1, as indicated in the introduction,
and the human counterpart gene, which expresses in several
human tissues such as fetal heart, T cells (Jurkat cell line), B-
Cell, placenta, endothelial, brain, ovary (tumor), fetal spleen,
fetal lungs and retina – The Human Skeletal Muscle transcrip-
tional profile, Unigene entry Hs.80686 (Jul, 9th, y99). Thus,
BgMm-1 may undertake similar functions as the orthologue in
mouse and human that mentioned above.
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In conclusion, we cloned a full length cDNA sequence of
Mm-1 from B. gargarizans and showed that this gene was iden-
tical to the human counterpart in the gene sequence and pro-
tein secondary structure. We analyzed the genetic relationship
of Mm-1s in some different species, the phylogeny of the �

class of PFD family, as well as gene sequence and gene expres-
sion pattern of BgMm-1. These results will be beneficial to the
function investigation about BgMm-1. More experiments will
be needed to verify whether BgMm-1 repress the transcriptional
activity of c-Myc. Currently, a lot of biomedical studies are fo-
cusing on cancer and tumor repressor. Our work in toads may
provide molecular data for further research.
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