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Introduction

Low level laser irradiation (LLLI) stimulates bone
regeneration. 1,2) In bone metabolism, in vivo experi-
mental models using biochemical and quantitative his-
tomorphometrical experiments revealed that LLLI stim-

ulates alkaline phosphatase activity, calcium accumula-
tion, and rapid accumulation of reparative new bone in
injuries in rat tibia. 3,4) In osteoblast cell cultures, we
demonstrated that LLLI stimulated bone nodule forma-
tion. 5) However, the molecular mechanisms leading to
these observations are not yet understood. We previ-
ously constructed a cDNA library, which were
enhanced gene expression in the pre-osteoblastic cell
line, MC3T3-E1, using stepwise subtraction. 6) In the
present study, we further characterized a gene clone,
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MCL129, by partial nucleotide sequencing and BLASTN
homology search using the NCBI DNA database.

Material and methods

Cell culture and LLLI

MC3T3-E1 cells, established from newborn mouse cal-
varia by Kodama et al., 7) were cultured in minimal
essential medium (alpha-MEM; GIBCO BRL) containing
10% fetal calf serum and antibiotics comprising 100
�g/ml penicillin G (Sigma Chemical Co.) and 50 �g/ml
gentamicin sulphate (Sigma) in multiwell plates.
       A Ga-Al-As diode laser device (Panasonic Inc.,
Osaka, Japan model: Panalas® 1000) was used for LLLI.
The technical specification of this laser device was as
follows: wavelength: 830 nm and output power: 100-
700 mW. Laser irradiation was performed at a distance
of 550 mm (area of spot size: 78.5 cm2) from the probe
to the cell layer for 20 minutes (power density: 7.64
J/cm2).

DNA sequencing and homology search

Dideoxy-chain termination sequencing 8) was per-
formed with fluorescent dye-labelled T7 universal
primers (Aloka, Tokyo, Japan) and SequiTherm™
Long-Read™ cycle sequencing kits for Li-Cor®

Sequencing (Epicentre Technologies, USA). The reac-
tion products were analysed by a 4000LS Long
ReadIR™ DNA sequencing system (LI-COR, USA).

Homology for the DNA sequence of MCL129 was
searched using the nucleotide blast search (search a
nucleotide database using a nucleotide query;
BLASTN) with the NCBI DNA database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).

RT-PCR and real time PCR analysis

RT-PCR and real-time PCR reactions were carried out
using a DNA thermal analyzer (RFN-GeneTM 6000;
Corbett Life Science, Sidney, Australia). Amplification
by PCR was started with an initial incubation at 95°C
for 15 seconds to activate the Taq DNA polymerase,
and then performed at 95°C for 5 seconds and 56°C for
15 seconds by adequate cycles. RT-PCR products were
electrophoresed on 1.5% agarose gel, followed by
staining with ethidium bromide to examine the size of
PCR products. Real-time PCR was carried out with
SYBR Premix Ex TaqTM (Perfect Real-Time PCR,
Takara, Japan) and a Green PCR kit (Qiagen). To cal-
culate gene expression fold changes, the initial tem-
plate concentration was derived from the cycle number
at which the fluorescent signal crossed the threshold in
the exponential phase of the real-time PCR reaction.
The mRNA copy unit was given by the cycle threshold
value from the fluorescent signal of all the samples,
including the standard curve and target genes, follow-
ing the method provided by Corbett Life Science
Company using RFN-GeneTM 6000 software. Details
were described in an operation manual, version 1.7.40,
2006. Each assay was normalized to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) mRNA levels. The
DNA primer sequences were 5’- aaagaccaccaccactcctg -
3’ (the forward primer for MAP1A gene); 5’- tgttgctgtg-
gttgggaata -3’ (the reverse primer for MAP1A gene)
(predicted size=206 bp); 5’- atcaccatcttccaggag-3’ (the
forward primer for GAPDH); and 5’-atcgactgtggtcatgag-
3’ (the reverse primer for GAPDH gene) (predicted
size=318 bp). Values were calculated as mean±stan-
dard deviation (SD). Comparisons were made between
two groups using a Student’s t-test.

Results

Fig. 1 shows a partial DNA sequence of the inserted
DNA from MCL129.
       We searched the homology of the DNA sequence
(619-bp) of MCL129 with NCBI DNA database using
the BLASTN program. We found high homology exhib-
ited by the MAP1A gene shown in Fig. 2.
       Fig. 3 shows the alignment of the MCL129 DNA
sequence with MAP1A (gene ID=NM-032393.1) in the
DNA database with 99% homology.

Figure 1. The nucleotide sequence of the cDNA
inserted in the MCL129 clone.
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Figure 2. Blast hits on the query sequence in the NCBI DNA data-
base. Three blast hits were found with high homology.

Figure 3. Identification of the three blast hit gene as MAP1A.  Sequence similarity
was shown with 99% match in the 517 bp insert of mouse MAP1A.
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       Since the MCL129 DNA sequence has high
homology with MAP1A, we designed DNA primers for
PCR amplification of the MAP1A gene from the DNA
database and examined the elevated mRNA level of
MAP1A by RT-PCR. As shown in Fig. 4, the MAP1A
mRNA level in LLLI-MC-3T3-E1 cells was higher than
that in non-irradiated cells used as control up to 12-hr
after LLLI. In contrast, mRNA levels of GAPDH, the
housekeeping gene used as control, showed no differ-
ence between LLLI and control MC3T3-E1 cells.

       To determine the significant difference of
enhancement of MAP1A mRNA level, real-time PCR
was performed and results were converted to mRNA
copy units. As shown in Fig. 5, the increase in MAP-1A
gene expression was significantly different between
LLLI and control MC3T3-E1 cells up to 13-hrs after
LLLI.

Discussion

Microtubules are composed of alpha-tubulin and beta-
tubulin heterodimers that associate end to end to form
protofilaments. 9) They elongate to the periphery of the
cell according to the inherent dynamic instable proper-
ties of microtubules. 10) Microtubules play a critical role
in various cellular functions such as cell division, cell
shape and polarity, cell movement, and intracellular
transport. 11,12) Microtubules may also be uniquely
equipped to transmit signals originating from ligated
receptors because they fill the cytoplasm and usually
span the distance from the plasma membrane to the
nucleus 13) MAP1A binds to tubulin via electrostatic
interactions and modulate the assembly and the stabili-
ty of microtubules, mediating their interactions with
other intracellular components. 14, 15)

       In this study, we analyzed the DNA sequence of
a MCL129 subtracted gene clone and carried out a
homology search with the NCBI DNA database. As a
result, we discovered that the cDNA insert of MCL129
shared a high homology with the mouse microtubule-
associated protein (MAP1A) gene with 99% homology.
This paper could be the first report on MAP1A expres-
sion in osteoblastic cells. Next, we designed PCR DNA
primers of the MAP1A gene and analyzed mRNA levels
by RT-PCR, successfully confirming enhanced MAP1A
mRNA levels by LLLI. We also quantitatively measured
MAP1A mRNA levels and demonstrated the statistical
difference in MAP1A mRNA levels between LLI.I and
control osteoblasts. These findings clearly show that
LLLI significantly enhanced MAP1A gene expression in
osteoblasts.
       Regarding MAP1A function, structural MAPs inter-
act with microtubules to regulate microtubule dynam-
ics. The microtubule-binding site of MAP1A appears to
be present near the amino terminus of the protein and
is characterized by 11 repeats of the Lys-Lys-Glu
sequence. 16) MAP1A has been shown to promote
microtubule assembly. 17,18) In vitro experiments have
demonstrated an increase in microtubule assembly and
rates compared with unbound microtubules while n
vivo studies have also demonstrated the growth-pro-
moting ability of MAP1A. 19) It is worth noting that
anti-microtubular agents inhibited pro-collagen secre-
tion and conversion to collagen and specifically inhibit-
ed collagen synthesis in chick cranial bone. Disruption
of microtubules may interfere with the movement of
Golgi-derived vesicles and the resulting accumulation
of collagen precursors in the Golgi complex may lead
secondarily to an inhibition of synthesis. 20) Thus,
MAP1A may play important roles in bone formation
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Figure 4. RT-PCR analysis of MAP1A mRNA levels.
Amplified each DNA band of MAP1A was
greater in LLLI-MC3T3-E1 cells than in con-
trol cells. Each GAPDH was used as an inter-
nal control.

Figure 5. Real time PCR analysis of MAP1A mRNA lev-
els. The MAP1A mRNA copy unit in LLLI-
MC3T3-E1 cells was significantly greater than
that in control. Each GAPDH was used as an
internal control. (*p<0.05, n=3).



through collagen synthesis and secretion. Taken
together, the enhancement of MAP1A expression by
LLLI may be one of the molecular mechanisms
involved in accelerating bone formation by LLLI.
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