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We have been investigating the molecular efficacy of electroacupuncture (EA), which is one
type of acupuncture therapy. In our previous molecular biological study of acupuncture, we
found an EA-induced gene, named acupuncture-induced 1-L (Aig//), in mouse skeletal muscle.
The aims of this study consisted of identification of the full-length cDNA sequence of Aigl!/
including the transcriptional start site, determination of the tissue distribution of Aig// and
analysis of the effect of EA on Aig// gene expression. We determined the complete cDNA
sequence including the transcriptional start site via cDNA cloning with the cap site hunting
method. We then analyzed the tissue distribution of Aig// by means of northern blot analysis
and real-time quantitative polymerase chain reaction. We used the semiquantitative reverse
transcriptase-polymerase chain reaction to examine the effect of EA on Aigl/ gene expression.
Our results showed that the complete cDNA sequence of Aigi/ was 6073 bp long, and the
putative protein consisted of 962 amino acids. All seven tissues that we analyzed expressed
the Aigll gene. In skeletal muscle, EA induced expression of the Aigl/ gene, with high expres-
sion observed after 3h of EA. Our findings thus suggest that the Aig// gene may play a key role
in the molecular mechanisms of EA efficacy.
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Introduction

ancient China and has developed unique forms in East

Traditional Eastern medicine, such as acupuncture, moxi-
bustion and Chinese herbal medicine, originated in
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Asian countries (mainly Japan, China and Korea). These
practices are called traditional Japanese medicine
(Kampo), Chinese medicine and traditional Korean
medicine (1). Electroacupuncture (EA) is a well-known
acupuncture technique used in East Asia. EA utilizes
stimulation of acupuncture needles with a low-frequency
microcurrent (2).

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/2.0/uk/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is

properly cited.


http://creativecommons.org/

20of 7

Comprehensive analysis of changes in gene expression
is called transcriptome analysis, which has provided a
number of findings to medical science. cDNA microarray
and GeneChip array methods allow such comprehensive
gene expression analysis (3,4). Certain research groups
have reported investigations of gene expression in
EA-treated animals in which they used ¢cDNA micro-
arrays. Kim et al. (5) reported that 30 min of EA applied
every 16h for 2 days induced a change in expression of
genes related to natural killer cell activity in the spleen.
Ko et al. (6) showed that gene expression of mitogen-
activated protein kinase II (MAPK II), Fas-AP and
LIM increased in spinal cord after 3 weeks of daily appli-
cation of EA for 30 min. Chae et al. (7) reported research
on acupuncture-treated humans that they analyzed by
using a cDNA microarray; after correlating gene expres-
sion with responses to acupuncture stimulation, they
found individual differences in acupuncture analgesia.

We have also analyzed the effect of EA at the gene
transcriptional level (2). In that study, we found that
EA stimulation caused myostatin gene suppression lead-
ing to satellite cell proliferation in skeletal muscle. During
that study, we discovered a previously unknown gene
that was induced by EA in mouse skeletal muscle and
named it Aig//. We found high expression of this gene
after EA stimulation in mouse skeletal muscle. This find-
ing agrees with clinical observations that the effect of
acupuncture appears some time after stimulation, and it
led us to further analysis of this gene.

In the study described here, we used ¢cDNA cloning
with the cap site hunting method (8) to determine
the full-length cDNA sequence of Aig//, the full-length
sequence consisting of the transcriptional start site to the
poly(A) tail. Complete full-length ¢cDNA sequencing is
important for functional analysis of the gene; knowing
the transcriptional start site makes it possible to evaluate
the transcriptional regulatory domain by bioinformatics
analyses. Indeed, we used bioinformatics to analyze
the transcriptional regulatory domain of Aigl//. We also
analyzed the full-length ¢cDNA sequence by bioinfor-
matics analysis and detected functional domains of
Aigll. Finally, we examined Aigl/ expression in each
tissue by using northern blot analysis and real-time quan-
titative polymerase chain reaction (real-time PCR).
For the relation between the Aigl// gene and EA, we
investigated Aigl/ expression via semiquantitative reverse
transcriptase polymerase chain reaction (RT-PCR) at
different times after EA stimulation of muscle.

Methods

Animals and EA Conditions

Inbred C57BL/6 male mice,
purchased from Charles

old, were
Laboratories

8 weeks
River
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(Yokohama, Japan). For EA stimulation, we used
stainless-steel acupuncture needles (40mm long and
0.16 mm in diameter; Seirin, Shizuoka, Japan). We
inserted the needles into five anesthetized mice to a
depth of 5-7mm and then stimulated the needles with
an electrical stimulator (Kyushu Ryoudoraku, Fukuoka,
Japan). Hindleg muscles of mice received EA stimulation
at points corresponding to the acupoints BL36 and BL59
(for details, see our web site: http://bionano.med.kobe-u.
ac.jp/adss/) for 15min with 1.2 Hz repetitions, according
to our previous study (2). We similarly anesthetized a con-
trol group of five mice but did not treat them with EA.

This research was performed according to the
Standards Relating to the Care and Management, etc.
of Experimental Animals (Ministry of the Environment,
Tokyo, Japan) (9). This study was approved by the
Committee for Safe Handling of Living Modified
Organisms of Kobe University (Permission number
17-21) and was carried out according to the guidelines
of the Committee.

RNA Extraction and cDNA Synthesis

We extracted total RNA from various tissues (brain,
skeletal muscle, heart, lung, spleen, liver and kidney)
obtained from non-EA-treated mice by using the
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
method.

To extract total RNA, we prepared skeletal muscles
(gastrocnemius, soleus, biceps femoris and gluteus) from
EA-treated mice at the time points of immediately after
EA (0h) and then 1, 3 and 24h after EA (n=35 for each
time point). We chose these time points on the basis of
our clinical experience and observations during acupunc-
ture treatment, which we classified into two groups: ‘rapid
effect” for immediately (Oh) and 1 and 3h after EA,
and ‘late effect’ for 24 h after EA. We similarly extracted
total RNA from skeletal muscles from the control group.
For each PCR analysis, we reverse transcribed total
RNA (5pg) into cDNA by using the SuperScript First-
Strand Synthesis System for RT-PCR (Invitrogen),
according to the manufacturer’s instructions.

Northern Blot Analysis

We subjected the denaturated total RNA (1pg) to elec-
trophoresis on 1.2% agarose/2% formaldehyde gel and
then transferred the samples to a positively charged nylon
membrane. To generate anti-sense RNA probes, we
cloned a 509bp of Aigll cDNA fragment (nucleotide
positions 3720-4228) derived from the PCR amplification
by using the TOPO TA cloning kit (Invitrogen). We pre-
pared digoxigenin-labeled RNA probes with DIG RNA
Labeling Mix (Roche Diagnostics GmbH, Mannheim,
Germany). The membrane was hybridized with DIG-
labeled RNA probes just described in DIG Easy Hyb
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(Roche Diagnostics) at 68°C overnight. Then, excess
probe was washed away: 2x SSC/0.1% SDS was used
twice at RT, and then 0.1x SSC/0.1% SDS was used
twice at 68°C. Hybridized DIG-labeled RNA was detected
by means of alkaline phosphatase-conjugated anti-DIG
antibody (Roche Diagnostics), after which CSPD
Substrate was added and the membrane was exposed to
X-ray films to obtain signals. The membrane was rehybri-
dized with the DIG-labeled mouse glyceraldehyde-
3-phosphate dehydrogenase (G3PDH) RNA probe
(Genostaft, Tokyo, Japan) as an internal control.

Real-time Quantitative PCR and Semiquantitative
RT-PCR

Real-time quantitative PCR was performed by using
SYBR Green I and a LightCycler (Roche Diagnostics),
according to the manufacturer’s instructions. The reac-
tion mixture consisted of 2 ul of FastStart DNA Master
SYBR Green I (Roche Diagnostics), 2mM MgCl,, 2ul
of ¢cDNA and each primer at 10pmol, plus water to a
final volume of 20 ul. The PCR conditions were 95°C for
10 min followed by 40 cycles in three steps: 95°C for 155,
58°C for 10s and 72°C for 25s and then 60°C for 10s.
The primers used for real-time PCR were as follows:
for Aigll, sense: 5-TTGAAGCCAGCTCTTTGGAG-3
and antisense: 5-TTTGCCTACGGTTCCTGAAG-3;
for G3PDH, which served as an internal control (10),
sense: S-GGAAAGCTGTGGCGTGATG-3" and anti-
sense: 5-CTGTTGCTGTAGCCGTATTC-3".

For semiquantitative RT-PCR, for which we used a
thermal cycler (GeneAmp PCR System 9700; Applied
Biosystems, Foster City, CA, USA), the reaction mixture
(20 ul) contained Spmol primers, 0.4 unit AmpliTaq
Gold DNA polymerase (Perkin-Elmer/Cetus, Tokyo,
Japan), 1 x PCR buffer and 200 pl/l dNTPs. We analyzed
the Aigll gene expression pattern after the EA stimuli
by means of RT-PCR with primers as follows:
sense: 5-ACTGGGATACACTCGTGAGC-3’; antisense:
5Y-GACACAGGAAGGTCACCACCA-3'. Primers of
G3PDH for RT-PCR were the same as the ones used
for real-time PCR. We then performed 28 cycles of
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amplification (one cycle: denaturation at 94°C for 60s,
annealing at 55°C for 60s and extension at 72°C for 60s),
and we analyzed 449bp PCR products from Aigl/ by
using 1.5% agarose gel electrophoresis. After electropho-
resis, we determined the densitometric values of these
PCR bands by the same procedure that we reported in
our previous study (2), using the Image] program
(Wayne Rasband, National Institutes of Health,
Bethesda, MD, USA).

Full-length cDNA Sequencing and Bioinformatics Analysis

We amplified a partial sequence of Aigl// by use of
two primers—forward, 5-ACTGGGATACACTCGT
GAGC-3/, and reverse, 5-GACACAGGAAGGTCACC
ACCA-3—as probes. The Aigll/ probe served to screen
the mouse brain cDNA library (Stratagene, La Jolla, CA,
USA). We screened with the labeled probe by means of
the AlkPhos Direct system (Amersham Biosciences
Corp., Piscataway, NJ, USA), according to the manufac-
turer’s protocol. We isolated and purified positive clones.
We then performed automated DNA sequencing analysis
by using the ABI Prism 377 with the BigDye Terminator
Cycle Sequencing Reaction Kit (Applied Biosystems).
We confirmed sequencing results with both strands.

We determined the transcriptional start site of the Aig//
gene by using the cap site hunting method with mouse
skeletal muscle and brain cap site cDNA (Nippon Gene,
Toyama, Japan), according to the manufacturer’s instruc-
tions. The procedure for synthesis of cap site cDNA was
reported previously (8) as follows: we removed the cap
structure of mRNA with tobacco acid pyrophosphatase.
We then ligated a synthetic oligoribonucleotide to the
decapped mRNAs with T4 RNA ligase. We converted
the ligated mRNA to cDNA by using reverse transcript-
ase, with oligo(dT) as a primer. In this study, we first
performed PCR with the cap site cDNA and then per-
formed nested PCR. Figure 1 shows the primer sets for
those PCRs. We amplified samples of the first PCR for
35 cycles under the following conditions: denaturation
for 20s at 95°C, annealing for 20s at 60°C and extension
for 90s at 72°C. We used aliquots of the first PCR

gatgctagctgcgagtcaagtcgacgaagtge gcccgegeccggtgcageteggecagagecacggegagetgegegtecgecaggagecgetge
> R

cctgat ccta.ctgcccagatccctctgcctgrga.tcccattgcctgaaccccgctgcaccaatccctctgtctgtctggacRcztcggtctgggatccg

R1

-+

R3

gectgettggagecttetgtecatetetet ctctctccctggatagcactgcctgattccggctgctcg;atccttctgcccggactccaccgcacg
< R4

gatccetcotgoctggaccgaccacacggatctototgegecgaccccagetacgtagetacgatgecogtggocacggocacaagoegegggacceg

Figure 1. PCR primer sets for the cap site hunting method analysis of the Aig// gene. The cap site hunting method allowed detection of the
transcriptional start site of the gene. Horizontal arrows indicate positions of the primer pairs. In the first PCR, we prepared primer sets for the brain
(RDT1 and R4) and skeletal muscle (RDT1 and R3). In the nested PCR, we prepared primer sets for the brain (RDT2 and R2) and skeletal muscle
(RDT2 and R1). The vertical arrow points to the transcriptional start site. Underlining shows the start codon atg. Italic letters designate the synthetic

rOligo sequence ligated to the mRNA.
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reaction as the template in the nested PCR reaction, per-
formed under the same conditions. We then excised PCR
products from the low-melting-temperature 1.5% agarose
gel, inserted them into the TA vector, and sequenced
them. After we sequenced the full-length cDNA, we per-
formed bioinformatics analysis of Aig/l by using
the Pfam database (http://pfam.sanger.ac.uk/). Then, to
analyze the transcriptional control regions of Aigl/ genes
(upstream from the ascertained transcriptional starting
point), we used SHAFT (https://suzume.med.kobe-u
.ac.jp/SHAFT)/), an automated application of the search
and choice analyses for transcription factors that we pre-
viously developed (2).

Results

Cloning of the Full-length cDNA Sequence of Aigll
and Bioinformatics Analysis of the Gene

We determined the full-length ¢cDNA sequence of the
Aigll gene via cDNA cloning and use of the mouse
brain cDNA library, because the brain showed high
expression of the gene. We ascertained the transcriptional
starting point of the gene by means of the cap site hunt-
ing method with cap site cDNAs from mouse brain and
from mouse skeletal muscle, because the transcriptional
start site is not included in the usual cDNA libraries.
We obtained the same transcriptional start site from
cap site cDNA of both mouse brain and muscle. After
we determined the complete cDNA sequence of Aigll,
we registered it with the GenBank genome database
(GenBank accession no. DQI167195). The full-length
cDNA sequence was 6073 bp long, and the putative pro-
tein consisted of 962 amino acids (Fig. 2). Bioinformatics
analysis performed via the Pfam database indicated that
Aigll includes CUB and Sushi domains. The transcrip-
tional control region, near the transcriptional start site, of
the Aigll/ gene has Spl, CP2 and MZF1 binding motifs
that we detected by using the SHAFT program.

Tissue Distribution of the Aigll Gene and Characteristics
of Gene Expression Induced by EA

All tissues, brain, skeletal muscle, spleen, heart, lung,
kidney and liver, expressed the Aig// gene as determined
by semiquantitative RT-PCR: the highest expression was
found in the brain (data not shown). Northern blot anal-
ysis performed in the normal sensitivity mode showed
high Aigl/ gene expression in the brain (Fig. 3a); the
northern blot analysis performed in the high sensitivity
mode revealed very weak gene expression in the heart,
lung and spleen (data not shown). In addition, real-time
quantitative PCR analysis also indicated that the brain
had the highest Aig// gene expression and all other
tissues had very weak gene expression (Fig. 3b).

Mouse Aigll gene discovered by electroacupuncture

We then analyzed the effect of EA on Aigl/ expression
in skeletal muscle by using semiquantitative RT-PCR.
EA induced expression of Aigl/ at each time point. We
found the highest expression after 3h of EA (Fig. 3c¢).

Discussion

In this research, we determined the full-length cDNA
sequence of the mouse Aigl// gene, which EA stimulation
induced in mouse skeletal muscle, and analyzed its
expression. Because skeletal muscle expressed the Aigl!/
gene after EA stimulation, this gene may be involved
in the molecular mechanism of the effectiveness of EA
therapy.

We performed full-length ¢cDNA cloning of the Aigl!/
gene, including the transcriptional start site. We deter-
mined this site via the cap site hunting method (Fig. 1).
The complete ¢cDNA sequence was 6073 bp long and
mapped to chromosome 5 in the mouse genome database.
The mouse Aigll gene is a homologue of the human
SEZ6L gene (11). The coding sequences of these genes
showed 79% homology. The human SEZ6L gene is a
homologue of the mouse Sez6 gene, which research on
seizures has detected (12,13). The coding sequences for
Aigll and the mouse Sez6 showed 54.8% homology.
This finding may reflect the effect of EA stimulation on
the brain and nervous system in view of the relation
among the gene Aigl/ and the seizure-related genes
Sez6 and SEZ6L.

Our investigation of the tissue distribution of Aigl/
gene expression revealed the greatest expression in the
brain, as evidenced by semiquantitative RT-PCR (data
not shown), northern blot analysis (Fig. 3a) and real-
time quantitative PCR analysis (Fig. 3b). All other tissues
evaluated—skeletal muscle, heart, lung, spleen, liver and
kidney—had much weaker Aigl/ expression than the
brain (Fig. 3a and b). The human SEZ6L gene was
also reportedly detected in various tissues (11).

Bioinformatics analysis of 4ig// near the transcriptional
control region showed Spl, CP2 and MZF1 binding
motifs. Spl and CP2 are ubiquitously expressed tran-
scription factors. Spl functions in development and
differentiation (14,15), and CP2 operates in regulation
of erythroid genes (16,17). MZF1 is involved in prolifer-
ation and differentiation (18). These bioinformatics
results agree with findings on the tissue distribution of
Aigll gene expression.

Our analysis with the Pfam database showed that Aig//
has CUB and Sushi domains (Fig. 2). CUB domains
occur almost exclusively in extracellular and plasma
membrane-associated proteins, and in proteases (19-21).
Those proteins reportedly participate in a wide range of
biological functions: developmental processes (22-25),
neurotransmission (26), cell signaling (27), hemostasis
(20), tumor suppression (28), inflammation (29) and
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gecogegeceggtgoagetoggocagagocacggegagotgogogtecgocaggagecds p401 ggaaaactacttoccacacagagotggtcaggggagocoggatcacataccagtgtgace
61 tgecctgatectactgoccagatecctetgootggateceattgectgaacocogatgea K T T &8 H T E L V R GATERTITTYOQOCD P
121 cecaatecctetgtetgtetggacctoggtetgggatooggetgettggagecttetgtee 2461 caggctatgacattgtggggagtgacaccotcacctgocaatgggacctcagtiggagea
1Bl atctctctcoctoteoteocctggatageactgoctgattocggotgetegaatecttotgoce G Y D I VvV @ 8 DT L TG CQWDTIL 5 W B8 &8
241 ggactcecaccgeacggatecctetgoctggaccgaccacacggatctetetgegeegace 3521 gegaccegecgttttgtgaaaaaattatgtactgtactgaccocggggaggtggageact
301 cecagctceogtagotacgatgccogtggoacggocacaagoogogggaccogacaggatet D P F C JE Kk I Mm vy[c T D P G E V E H 8§
M P VAR P QA MG P DRI S5 3581 ceaccegecteatttoagacectgtgcetgctagtgggcaceaccatecagtacacctgta
361 ctectgttocttgtogocttocttotggggagoccogoggocagotoaggoggaagatggtg T R L I 8 D P VL LV 8 T T 1 0 ¥ T C 8
L FLVAPFTULILTGSPAAMAGOQAETDSGGG 2641 gocctggoetttgtgettgaagggagetetettoctoacctgotacagocgegagacaggaa
421 gtccagagggagagatgoaccottocactgoctacctoctgooctoctgoctogotggaga P @ F VL EG S S L LT TC CZTYGSRTETGT
P EGEMHPSTAYTLILEPSASTLES 2701 ctcccatctggacatctcgoctgocccactgtgtototgaggagtooctggogtgtgaca
481 gtagcotggaagagggggtgacatcagoagoooccaggtotoctgocateccaagaagoac F I W T S RLUPHTCGCIV S ETES L A 1§f:§::§
& LB B GV TH AP L P S 4 FAdD 2761 acccaggactgcctgagaacgggtaccagatcctgtacaagoggotgtacctgococcggag
541 tggaagcaatggaagagtecttgoccoctgegotgooogacgaggocagtgtocagoaca P ¢ L P E N 6 ¥ 0 I L Y KRLTYTLEPGE
EAMETESLPPALTPUDEH ARSVQHRT 2B21 agtccctcaccttcatgtgctacgagggoctttgagetcatgggogaagtgaccatooggt
601 ecgectgooctaaggaagggtetgoogbooctgaageaactcaactoggocoggaggeage s L T F M ¢ ¥ E G F E L M G E V T I R C
PALURIEKGTELZPS5TLKOQULNSARTROQTL 2gg geattctgggacagecgteccattggagtgggeacctgoccatetgtaaagttaaccaay
661 tgaggccoctggotacccoogacaactotgeagagactggggtotoctgeoctetgocacea T L G Q P 5 H W S G P L P I CJK V N Q D
R PLATPTTTILO®QRTILG®GS P A S AT T 3541 acagttttgaacatgcattggaagaageggcagcagagtecteactggaaggtgggaaca
721 cgaagctgogtgagoctgaagaccoogagcagoccacggogootgogocactgoagateg s F EH A LTETETG R2H DA ATET S STLETG GT GTHNM
KL REFPETDPE®CPTH® APHAPLZ CGTIHA 3001 tggogetggecatctteattecggtocttoteatotocttgotactgggaggagectaca
781 cgcocttoactgoactggogaccacactoccacacagococtocagoocogotocaggooocty A L A I F I PV L LI STLULTULGGA ATYTI
P FTALATTL®PHSPOQFPFAOQATPD 3061 tctacgtcacgaggtgocgacaatactocagoctocgectacoccteatgtactoccace
841 atgacagcagcoccggtagocogotggacaagggdgacaatgagotgacogagtotgoot ¥ VTR OCRGOTYS 8L RILPFLMTESETHP
b s s P @S P LD KGDNETLTGS AS 3121 cctacagtcagatcaccgtggagactgagttegacaatcccatctacgagactggggaaa
901 ceogaggagagocaggagaccacoacgtocaccategtoactaccaccatecatoacoacgg ¥ 8 ¢ I TV ETTETFTDUHT E®TIZTYETTGTET
EESQETTTSTIVTTTTITITT E 3181 caagagagtatgaagtttccatctaacaagagctgocctggaaagagggacttcagacag

961 agcdggccccagctctctgnggtargagcttctccqaccgggdgggatacattgactcaa R E Y E V 8 I =*
Q A P A L [SEcEE 3 ¢ = 3241 acagacagacagacatgaactgtcocgggacctoctcagacattcatcagagaccotgtgge
1021 3301 gttgggtegeagoccagogtggoogocatotttoogotacactgtttottogotatactt
3361 aactatatttaaaattgaaggctttgacacoggtgagttoggtacattgaggotgeagoo
1081 3421 aaggtegeacgacggeoctoogttooccaaggoaggoagagtggoaaactgoaggtoaagtt
o 3481 ggatecageagtgoecaggettgageocgeaccegtectgeatggtetteggeaacacacean
1141 tcteccat ccgaggagtggacggtcccactc*gacagtcctggccaaccagactctactgg 3541 ageacactcggtacaaacggaagococagagttgttggagtgtgtettgeagagttgect
s 1 R GVDOGPTLTVWVILANG GQGTILLYV 3601 tggagtggaatttagoctgagtacttaaagoccatatttoocctocaaaacaaagtetgt
1201 tagagggccaggtgatcogoagoocoaccaacaccatototgtotacttooggacctiod  3g61 gtoctottttotgattaaaaaattccaatttaaaaaattoctctaaaaggteotttacecce
EGQWVI RS PTWNTTIS VY FRTFQ 3721 atcttctecttoctgbggocttoocgaaagoagoaaagattttoccagaattooctgggge
1261 aggatgaEQQCthﬁggaCCttccagCEJCAEtaccaQQCCCEcatQCtgagiE%EEEEE 3781 ccaaggaacgagaataagatgagcaggcagaccctttcttaacaggtgataagcccaaaa
b b6 L G TF QLAY QAFMILS |2 P F 3B41 cactgtcagggaggagacacagatctcctgtggaaggggacttcaaagagggatagatac
1321 ttecceggaggoccegatgecggagaggteacggtgatggatetgeactegggeggggtyy 3901 tggatgagotctgtactggaacccaccacagotggocatggacatoctgagactagggtoa
P R R P D A G E WV T V M D L H S G G V A 3961 taaatctacagacagttggactacagagtcaccaggtctgcaggggagggagggctacat
1381 coce attgecacctgggetacgagetgoagggagecaagacgotgacetgeatea 4021 cetgacctgaaagocagggatotgototgatttocacctgggotectaggotgtottgge
H F H C H L G ¥ E L Q G A K T L T C I N 4p31 ctrtgacatagccatgagagacactgectcocaatottgttctoacaaactaecetggeag
1441 atgcctccaaaccgractggageagocaggagectgtotgotoagoorcatgtggaggagd 4141 gggaggtgotgagaaagagagaggococtaoctggectotgagtetetgggggageagay
A S K P H W S 8 O E P V CJs A P 4201 ctgagggggtggggaggtggeatcagtacccaagoagattccctgtaggeagageatggt
1501 cagtgcacaatgccaccatcggoccgagttctotoocococcagtttocococgggaaccgocaatg 4261 agaaattacaggettaacaaggcacaaggtcocagocegaacgteagtaaaaacaaaatat
- 4321 ttoccaacagcagacoctoccagectteagegactgeteogttagecttegttagaggee
1561 4381 gtggcectocaaaagactgtttectaagttcagtocttaagaaaggtgteagagttaggt
4441 gctggaggagacagcaggoatggggagageaatcacttgaggaccatgbeogtgaccaggg
1821 4501 ggtgctcagcagocaggocatgtgagoagtcagoctagaggaccctooccbgbgtbctoctg
4561 tgctatctggggttgttgtgttaaatcocctgggtttcaaagaacagaaagecactttctgg
1e81 4621 ctgcaggactatagggagattacatcttctcagococctogtoctagoaaggatagacteat
4681 cttoctoccaggaaaggocootgogtgoatgtgoctgacocactgtggocaggggggtttot
1741 4741 ggtcaccoagctcatccacocacagaggaaccagaggagaaactgtataggoctogaagga
E G < 4801 gcgggggococttggggaaagacctactatgagtaatgtggoctttaetoccagaggoaga
1801 tcaacaurcgctttgaggcctttgagaaaggtcactgctatgaaccctacatrcaaaatg 4861 acctattcttgatgcttccaaccccagocccgagtcacctgoaaattotgt tggtgt
E A F E K G HIC Y E P Y T O N G 4921 ttgattttggtccactgtatactectaagtggaaactaagoactigecttotataaagge
1861 ggaatttecaccacatcggaccocacctacaacatcggeaccattgtggagttcacctgcg 4581 rgactgtgtgteoctteotaaccetgotocctaaagetgaccaggtoatgoceaggtoate
N F T T & D P T ¥ N T G T I V E F T C D 5p41 tettgactattgggggaggggggaggtagtgtaaaaatgttgatttitttttttaacgag
1921 accccggecactcototggaacagggeccggetgtoategagtgtgteaatgtgegtgace 5101 agaccaatatctoagttctgacttagtagtacaattggtgtggotgtgttttaaaatgtt
P o H S L E 0 G P A VW T B C WV N WV R D P 515 gttctagoctagaggtggatcgtgogagotcacaatgtgcaatgactgaaaggacgtggt
1981 gatactggaatgacacagagcoctotatgoagagocatgtgtggtggggagetetctgcty 5321 gtottttttttttttaatacctgtgtatctgtaacatgtaaaggtttgattaaaaataat
Y W N DT E P L CJr A M 5281 aatgatgatgttaccagtgccgaattatcagatgocagtcccaaggcatttocatgatggt
2041 tggctg qqtqqtqctqtcLccaaactqqc"aqagccctatgcnqnagqtqaagactqtq 5341 ccatacctgtctgtttttacaagatggaaatttgaacccatcaggattaaatatttttog
ARG £ i W P E 3 5401 aacgggatacactcgtgagcoccctoccacaagocagotocctgeotoctgacgtcagbgggaac
210 5461 acgtgtttcggaacgtgocgoatcoottoacactgattggogoaggoagoacggtcaacacg
5521 cacagctoctoccocttotgotoagagoteatcttocctoocococcacoocoottagot
2181 5581 tgocttttggtagacteattttgocaacataaatatteotgacctotgoctgggggacoat
5641 ctttcoaagtgatcacagoctgagocttitgaagocagototitggagaacttacaaaoct
2221 5701 caggggacaactctggaagtaecacacacagecctggagaaggagaaagggtttagaectga
= - 5761 atgggeoaccotggggactoogacgaaccaatgggtagettoaggaacegtaggoaaaaag
2281 tccagt:cc‘ac‘t,ccgaccc:gcaggcctca'zctttggcaagggccagggatttatcatga 5821 acctettectthtggtggtgaccttectgtgtettogatgaggectggtgagatggeacte
P A G LI FGKGOQGFIMN 5881 caggcccagtettgtgeggeactoggeaccoacaaaaaaacgggegtettotgggacget
2341 actatatagaggtgtcacggaacgactoctgotoagacttgoctgaaattoagaacgget 5941 tgeotcetttoatttatcatcaaatggaatttazaaaaggcaaactttotaagotagaaaaa
¥ I EV S RNDSI[ S DL PETONGHW 6001 aatgaaatgaaatcattttccactttgtatatattgoctgctaataaaacagttgtaaaaa

6061 aaaaaaaaaaaaa
Figure 2. Nucleotide and deduced amino acid sequences of the A4ig// gene. The lowercase upper letters correspond to the nucleotide sequence. The

capital letters refer to the deduced amino acid sequence. The numbers at the ends of the lines indicate nucleotide positions. Underlining shows the
initiation codon atg. The closed boxes with white letters designate the CUB domain; the open boxes with black letters indicate the Sushi domain. An
asterisk indicates the stop codon (taa). A double underline identifies the poly(A) signal sequence.

complement activation (21). Sushi domains are known as
complement control protein modules, or short consensus
repeats, found in complement and adhesion proteins (30).
Sushi domain-containing proteins operate in regulation

of the complement system and in blood clotting.
Involvement of these proteins in cell adhesion (30),
embryogenesis (31) and blood coagulation (32) has also
been reported. In addition, the human SEZ6L and mouse
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Figure 3. Tissue distribution and effect of EA on Aigl// gene expression.
(a) Tissue distribution of Aig// as detected by northern blot analysis in
the normal sensitivity mode. (b) Tissue distribution of Aig// as detected
by real-time quantitative PCR analysis (n=35). (¢) Semiquantitative
RT-PCR analysis of Aigll gene expression in skeletal muscle after
EA. Lanes are as follows: C: no EA stimulation (control); 0: EA-treated
sample just after stimulation; 1, 3 and 24: EA-treated samples at 1, 3
and 24h after stimulation, respectively; NC: negative PCR control
containing no cDNA template in the PCR mixture; G3PDH served as
a loading control. The following tissues expressed the Aigl/ gene in (a)
and (b): brain, B; muscle, M; heart, H; lung, Lu; spleen, S; liver, L and
kidney, K. NC indicates negative control.

Sez6 genes, the homologous genes of Aig//, have both
CUB and Sushi domains (11-13). The Sez6 gene is
reportedly important for neuronal information transfer,
which Gunnersen et al. (33) determined on the basis of
analysis using Sez6 knockout mice. Their report showed
that Sez6 proteins are important for normal dendritic
arborization of cortical neurons and for development of
appropriate excitatory synaptic connectivity. All these
reports suggest that Aig// may be associated with neuro-
transmission and protein-protein interaction. In view of
the relation between those domains of Aigl// and the
effect of EA, further analysis of A4ig// focused on neuro-
transmission and protein—protein interaction may reveal
the functional importance of this gene.

In addition, we examined chronological changes in
Aigll gene expression to verify the effect of EA stimula-
tion of skeletal muscle on gene expression. We found
that EA did induce Aigl/ gene expression, with the high-
est expression measured after 3h of EA (Fig. 3c). This
result suggests that the Aig// gene is related to the rapid
effect of EA stimulation.

During the process of Aigl/ gene detection, we utilized
transcriptome and histochemical analyses and discovered
that EA induced a satellite cell-related proliferative reac-
tion in skeletal muscle (2). Certain other research groups

Mouse Aigll gene discovered by electroacupuncture

have also reported transcriptome analysis of EA, which
revealed the efficacy of EA stimulation: Kim et al. (5)
showed that EA increased natural killer cell activity
with high efficacy, and Ko et al. (6), by using cDNA
microarray analysis, reported that the opioid receptor
was involved in analgesic processes of EA. Thus, tran-
scriptome analysis may be one of the most effective
approaches for research in complementary and alterna-
tive medicine.

In conclusion, we determined the full-length ¢cDNA
sequence of the Aigl/ gene and its expression in various
tissues (mainly brain). We showed chronological changes
in gene expression, with the greatest expression induced
after 3h of EA. However, the biochemical function of
the Aigll gene is not as yet fully explained. Additional
investigations of the Aigi// gene, including the relation
between this gene and EA, are warranted.
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