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世界の最先端の科学の中⼼はバイオ

• Nature, Scienceなど有⼒科学雑誌の記事の６割がバイオ関連
• シリコンバレーのIT⻑者が投資しているのもバイオ関連ベンチャー
• 数理，情報，機械，電気，化学…あらゆる分野の技術が必要とされる

• 我が国はバイオの基礎⼒は強いが，医療･福祉機器･サービスなどは輸⼊超過
→ 伸び代がある

• 医療･福祉機器･サービスの製品は命がかかっているので⾼くても売れる（付
加価値が⾼い）
→ 我が国もヘルスケアで経済発展を⽬指している



遺伝子DNAはタンパク質の設計図

遺伝子DNA

タンパク質

約2万種類の遺伝子

↓

約2万種類のタンパク質

細胞

核



TCGCCTTCGCTGCAGCTCCCGGTGCCGCCGCTCGGGCCGGCCCCCCGGCAGGCCCTC

CTCGTTATGGCCGCGGCCTCCTCCCCGCCCAGGGCCGAGAGGAAGCGCTGGGGTTGG
GGCCGCCTGCCAGGCGCCCGGCGGGGCAGCGCGGGCCTGGCCAAGAAGTGCCCCTTC

TCGCTGGAGCTGGCGGAGGGCGGCCCGGCGGGCGGCGCGCTCTACGCGCCCATCGCG
CCCGGCGCCCCAGGTCCCGCGCCCCCTGCGTCCCCGGCCGCGCCCGCCGCGCCCCC

AGTTGCCTCCGACCTTGGCCCGCGGCCGCCGGTGAGCCTAGACCCGCGCGTCTCCATT

TACAGCACGCGCCGCCCGGTGTTGGCGCGCACCCACGTCCAGGGCCGCGTCTACAAC
TTCCTCGAGCGTCCCACCGGCTGGAAATGCTTCGTTTACCACTTCGCCGTGTGAGTAT

CGCCACCGGCGACGGAGTTTCTGGCTCTCGGGAATTTGAGGCCTGTGGCTGCTGTGGA
CCCCTGGGAAAGAGCCTGTGCTTCCTGAGCCAGTGCGGGGCCTGGCATGGAGTAGGTA

CCCCGGGGGTGGACAGATAGGCAGAGGAAGGGATGATGGGATGGGCAGAGGCCGTGA

TGCTGACTGCCGTGTCCCTGTCTTGCAGCTTCCTCATCGTCCTGGTCTGCCTCATCTTC
AGCGTGCTGTCCACCATCGAGCAGTATGCCGCCCTGGCCACGGGGACTCTCTTCTGGA

TGGTACGTAGCATCTGAAGGCATGGCTGGAGATCCCACTCTGTCCCTGCAGGAGATCG
TGCTGGTGGTGTTCTTCGGGACGGAGTACGTGGTCCGCCTCTGGTCCGCCGGCTGCCG

CAGCAAGTACGTGGGCCTCTGGGGGCGGCTGCGCTTTGCCCGGAAGCCCATTTCCATC

ATCGGTGAGTCATGCCTGCCCTGTGGAGGTCACGCCCAGGTTTCCAGACCAGGAAGGA
CTCTTCCCTGGGGCCCTGGCTGTGGCGATCACGAAAAGCTCCCCCTCTCCTGCACTCC

ACAGACCTCATCGTGGTCGTGGCCTCCATGGTGGTCCTCTGCGTGGGCTCCAAGGGGC
AGGTGTTTGCCACGTCGGCCATCAGGTGCGTCTGTGCCACAAGCTCCCCCGCAGAGCC

•4種類の塩基
アデニンA
チミンT
グアニンG
シトシンC

遺伝子DNAは4種類の文字から成る暗号文



3塩基で1アミノ酸または「終止」を指定

Ala/A アラニン
GCT, GCC, GCA, GCG

Leu/L ロイシン
TTA, TTG, CTT, CTC, CTA, CTG

Arg/R アルギニン
CGT, CGC, CGA, CGG, AGA, AGG

Lys/K リシン
AAA, AAG

Asn/N アスパラギン
AAT, AAC

Met/M メチオニン
ATG

Asp/D アスパラギン酸
GAT, GAC

Phe/F フェニルアラニン
TTT, TTC

Cys/C システイン
UGT, TGC

Pro/P プロリン
CCT, CCC, CCA, CCG

Gln/Q グルタミン
CAA, CAG

Ser/S セリン
TCT, TCC, TCA, TCG, AGT, AGC

Glu/E グルタミン酸
GAA, GAG

Thr/T トレオニン
ACT, ACC, ACA, ACG

Gly/G グリシン
GGU, GGC, GGA, GGG

Trp/W トリプトファン
UGG

His/H ヒスチジン
CAU, CAC

Tyr/Y チロシン
UAU, UAC

Ile/I イソロイシン
AUU, AUC, AUA

Val/V バリン
GUU, GUC, GUA, GUG

開始コドン AUG, (AUA), (GUG) 終止コドン UAG, UGA, UAA

約20種類



Bioinformatics 情報学を駆使して⽣物学を⽀援

• ⽣物学の情報を検索，収集
• 遺伝⼦の情報を検索，収集，（その産物を）可視化
• 遺伝⼦編集の⽅略⽴案

• 疾患の情報をマイニング
• 遺伝⼦情報から個⼈に最適化した予防･治療法の提案

• 病原体，疾患因⼦等（主としてタンパク質）の⽴体構造予測
• 治療薬の分⼦設計

• 専⾨家へのスキル，ツールの提供
• ⼀般市⺠への情報提供



⽣物学の情報を検索，収集
遺伝⼦の情報を検索，収集

Public Medline (PubMed)
National Library of Medicine, National Institute of Health (NIH), USA

無料配布ツール
論⽂，ゲノム情報，タンパク質のアミノ酸配列情報，…

英語で記述された情報が網羅されている

このほか画像処理アプリなどの情報ツールが無料配布



遺伝⼦の（産物の）情報を可視化

遺伝⼦ → アミノ酸配列 → タンパク質

Chimera
University of California, San Francisco (UCSF), USA

無料配布ツール
アミノ酸の配列と相対的な位置情報からタンパク質の⽴体構造を可視化



病原体，疾患因⼦等（主としてタンパク質）の⽴体構造予測
アミノ酸１次配列からタンパク質⽴体構造を予測することは極めて難しい
→ ⼈類に残された難問の⼀つ

SWISS MODEL
University of Basel, Switzerland

無料でブラウザーから利⽤できる
X線構造結晶解析データから推測した代表的なタンパク質の⽴体構造を
テンプレートとして，遺伝⼦･アミノ酸配列は判明しているが，⽴体構造
は分かっていないタンパク質の⽴体構造を予測する。
因みにX線構造結晶解析データの解析がスーパーコンピューター京･富岳の主⽬的

この他，アミノ酸配列だけからタンパク質の⽴体構造を予測するab-initio型のア
プリも開発されているが，まだまだ発展途上



疾患の情報をマイニング → 電⼦カルテのビッグデータ解析

遺伝⼦情報から個⼈に最適化した予防･治療法の提案 → personalized 
medicine（テーラーメイド医療）

in-silico病原性予測アプリ
single-nucleotide polymorphism (SNP)などの遺伝⼦多型や遺伝⼦突然変異の病
原性を予測する
SIFT
PolyPhen-2
MutationTaster-2
CADD

現時点では予測が全く当たらない
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Figure 2. Activation and deactivation kinetics. A–C: Activation extent of hERG channels and its voltage-dependence. A: Sample responses of individual
cells (traces) to double-voltage-step stimuli (schematics). The first-step voltage was varied in 10 mV steps. GFP: a cell transfected with the marker gene
alone. WT, GR, and GR/WT: cells transfected with hERG(WT), hERG(G487R), or a 1:1 mixture of these genes, respectively. The “tail” currents (arrows)
are thought to be mediated largely by hERG channels because no similar current is seen in the GFP cell. The traces include linear leak components. Dotted
line: prestimulus level. B: Mean peak density of the tail current as a function of first-step voltage. As compared with the current density of the WT cells,
that of the GFP cells was significantly different at all of the tested voltages (P < 0.01, median test;∗∗) whereas those of the GR and GR/WT cells were not
different (P > 0.05, median test) at all of the tested voltages. The data were taken from 7 GFP, 21 WT, 18 GR, and 33 GR/WT cells. The peak amplitude
was measured as a difference from the average level of the 100 millisecond prestimulus period to the maximal deflection throughout the second voltage step.
In panels B–D, the linear leak components were subtracted from the data off-line. C: Relative peak amplitude of the tail current as a function of first-step
voltage. To depict the plots in this panel, the data in panel B were maximum-normalized for each cell and then averaged and maximum-normalized within
each cell group. The data plotted against first-step voltages of –60 and –50 mV (arrows) were obtained using double-voltage-step stimuli whose second-step
voltage was –60 mV. D: Activation time-course of hERG channels. Mean relative peak amplitude of the tail current elicited by a double-voltage-step stimulus
plotted as a function of first-step duration. The duration was varied as shown schematically in the inset. The data were maximum-normalized for each cell
and then averaged and maximum-normalized within each cell group. The data were taken from 16 WT, 20 GR, and 19 GR/WT cells. E–G: Deactivation
time-course of hERG channels and its voltage dependence. E: Sample tail currents of individual cells (close-up traces around the second voltage step) elicited
by double-voltage-step stimuli (schematics). The second-step voltage was varied in 10 mV steps. F and G: Mean time constants of the fast (F) and slow (G)
components of deactivation as functions of second-step voltage. The data were taken from 14 WT, 16 GR, and 25 GR/WT cells.∗ and∗∗: P < 0.05 (Wilcoxon
test) and P < 0.01 (t-test) between the WT and GR cells, respectively. #: P < 0.05 (Wilcoxon test) between the WT and GR/WT cells. The time constants were
estimated from the double-exponential curve fitted to the decaying phase of a tail current.

was not different between the WT and GR cells or between
the WT and GR/WT cells (Table 1). This result suggests
that hERG(G487R) subunit-containing hERG channels are
similar to hERG(WT) channel in activation time-course.

The deactivation kinetics of hERG channels was ana-
lyzed, measuring the time constant of the decaying phase of
the tail current with a varied second-step voltage (Fig. 2E).
The time constants of both the fast and slow components of
the decaying phase decreased with more negative second-

step voltages. The time constants of both the fast and slow
components were not different between the cell groups at
most of the tested voltages (Fig. 2F and G). At a second-step
voltage of –40 mV, the time constants of the fast and slow
components were 0.0912 ± 0.0114 milliseconds (n = 13)
and 0.539 ± 0.0492 milliseconds (n = 13), 0.105 ± 0.0138
milliseconds (n = 15) and 0.537 ± 0.0454 milliseconds
(n = 16), and 0.101 ± 0.0114 milliseconds (n = 25) and
0.439 ± 0.0303 milliseconds (n = 25) for the WT, GR, and
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a TCS-SC5 confocal microscope (Leica, Solms, Hesse,
Germany; objective lens, water- or oil-immersion, x63; pin-
hole, airy 1; window, 655–685 nm; gain, 700–740 V; scan-
ning rate, 200 Hz; number of averaging, 16). In each image
slice, raw fluorescent intensities were measured as averages
over a 1.3-µm2 strip area on the membrane and a 4-µm2 rect-
angular area in the cytoplasm using ImageJ software (ver-
sion, 1.45S; National Institutes of Health, Bethesda, MD,
USA). The intensity was corrected for the background level
by subtracting the average intensity over four 17-µm2 cell-
free square areas of the corresponding image slice from the
raw value.

Results

Genetic Analysis

In the family genetic screening of sudden cardiac death
victims, we found a Japanese family with members heterozy-
gously carrying hERG(G487R) and/or a mutant SCN5A
gene encoding a voltage-gated Na+ channel subunit with
a R1193Q substitution (SCN5A(R1193Q), see Discussion
for detail; Fig. 1A). A male member of this family carrying
SCN5A(R1193Q) but not hERG(G487R) died from sudden
cardiac death at the age of 19. By contrast, his sister carrying
hERG(G487R) but not SCN5A(R1193Q) has not yet shown
any major cardiac symptoms up to the same age. All the
members displayed normal Bazzett-corrected QT intervals
(QTc’s; Fig. 1A) and turned out to carry no missense muta-
tions in other major long-QT syndrome-related voltage-gated
ion channel genes including KCNE1, KCNE2, and KCNQ1.

We found a G1459C replacement in hERG from the
family (Fig. 1B). This replacement should result in a
G487R substitution in the S2–S3 loop of hERG channel
subunit (Fig. 1C). The amino acid sequence of the S2–
S3 loop is conserved among the mammalian homologs
(human, NP_000229.1; chimpanzee, XP_001137384.2; rab-
bit, NP_001075853.1; mouse, NP_038597.2; pig, Q9TUI4;
horse, NP_001180587.1; dog, NP_001003145; Fig. 1D).

Electrophysiological Analysis

We compared currents in the WT, GR, and GR/WT cells,
which are thought to be mediated largely by homomeric
hERG(WT), homomeric hERG(G487R), and heteromeric
hERG(G487R)/hERG(WT) channels, respectively. The ac-
tivation and deactivation kinetics of hERG channels were
analyzed using a double-voltage-step stimulus (Fig. 2). At
the first step whose voltage was relatively high, hERG chan-
nel underwent activation as well as inactivation. At the second
step whose voltage was less positive, hERG channel was al-
lowed to recover from inactivation and produced a large “tail”
current (Fig. 2A, arrows). The tail current measured under
the conditions used in this study included virtually no compo-
nent mediated by HEK-293T cell’s native voltage-dependent
channel because the native current decayed rapidly upon the
cessation of the first step (Fig. 2A) and its current density
at the second voltage step was negligible (with a first-step
voltage of 0 mV, 0.579 ± 0.482 pA/pF, n = 7; P = 0.0027
compared with the WT cells, median test; Fig. 2B).

We used the peak density of the tail current as a mea-
sure of the activation extent of hERG channel (Fig. 2B).
In all the cell groups, hERG channels were activated with
first-step voltages above ∼–40 mV. The activation extent
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Figure 1. Mutation causing a G487R substitution of hERG channel sub-
unit. A: Pedigree of the subject family. Most members heterozygously carry
hERG(G487R) (black rectangle) and/or SCN5A(R1193Q) (dotted rectan-
gle). The age and values of QTc are shown below the corresponding symbols
(n/a: not available). Slash: the person deceased from sudden cardiac death
at the age of 19. Squares and circles: male and female members, respectively.
B: DNA sequencing profile of the exon 5 of hERG from the hERG(G487R)-
carrying female member of the subject family. The amino acids encoded
by the codons are indicated above the sequence. C: Schematic diagram
showing the location of the G487R substitution in hERG channel subunit.
D: Amino acid sequences of the S2–S3 loops of hERG(WT) subunit and the
mammalian homologs. Number before the sequence: the position of the first
residue of the loop. Arrow: the site of the G487R substitution.

increased with first-step voltage until it became saturated
with first-step voltages above 0 mV. With a first-step volt-
age of 0 mV, the current densities were 164 ± 18.1 pA/pF
(n = 21), 162 ± 19.9 pA/pF (n = 18), and 198 ± 17.5 pA/pF
(n = 33) for the WT, GR, and GR/WT cells, respectively.
There was no significant difference between the WT and
GR cells or between the WT and GR/WT cells (P = 0.435
and 0.407, respectively, median test). Moreover, the plot of
the relative peak amplitude of the tail current against first-
step voltage was indistinguishable between the WT, GR, and
GR/WT cells (Fig. 2C). The Vhalf and K were not different
between these cell groups (Table 1). These results suggest
that hERG(G487R) subunit-containing hERG channels are
similar to hERG(WT) channel in activation extent and its
voltage dependence.

The activation time-course of hERG channel was demon-
strated by varying the first-step duration and by plotting the
relative peak amplitude of the tail current against the duration
(Fig. 2D). The time constant of the rising phase of the plot
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slice, raw fluorescent intensities were measured as averages
over a 1.3-µm2 strip area on the membrane and a 4-µm2 rect-
angular area in the cytoplasm using ImageJ software (ver-
sion, 1.45S; National Institutes of Health, Bethesda, MD,
USA). The intensity was corrected for the background level
by subtracting the average intensity over four 17-µm2 cell-
free square areas of the corresponding image slice from the
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Results
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gene encoding a voltage-gated Na+ channel subunit with
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which are thought to be mediated largely by homomeric
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hERG(G487R)/hERG(WT) channels, respectively. The ac-
tivation and deactivation kinetics of hERG channels were
analyzed using a double-voltage-step stimulus (Fig. 2). At
the first step whose voltage was relatively high, hERG chan-
nel underwent activation as well as inactivation. At the second
step whose voltage was less positive, hERG channel was al-
lowed to recover from inactivation and produced a large “tail”
current (Fig. 2A, arrows). The tail current measured under
the conditions used in this study included virtually no compo-
nent mediated by HEK-293T cell’s native voltage-dependent
channel because the native current decayed rapidly upon the
cessation of the first step (Fig. 2A) and its current density
at the second voltage step was negligible (with a first-step
voltage of 0 mV, 0.579 ± 0.482 pA/pF, n = 7; P = 0.0027
compared with the WT cells, median test; Fig. 2B).

We used the peak density of the tail current as a mea-
sure of the activation extent of hERG channel (Fig. 2B).
In all the cell groups, hERG channels were activated with
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Figure 1. Mutation causing a G487R substitution of hERG channel sub-
unit. A: Pedigree of the subject family. Most members heterozygously carry
hERG(G487R) (black rectangle) and/or SCN5A(R1193Q) (dotted rectan-
gle). The age and values of QTc are shown below the corresponding symbols
(n/a: not available). Slash: the person deceased from sudden cardiac death
at the age of 19. Squares and circles: male and female members, respectively.
B: DNA sequencing profile of the exon 5 of hERG from the hERG(G487R)-
carrying female member of the subject family. The amino acids encoded
by the codons are indicated above the sequence. C: Schematic diagram
showing the location of the G487R substitution in hERG channel subunit.
D: Amino acid sequences of the S2–S3 loops of hERG(WT) subunit and the
mammalian homologs. Number before the sequence: the position of the first
residue of the loop. Arrow: the site of the G487R substitution.

increased with first-step voltage until it became saturated
with first-step voltages above 0 mV. With a first-step volt-
age of 0 mV, the current densities were 164 ± 18.1 pA/pF
(n = 21), 162 ± 19.9 pA/pF (n = 18), and 198 ± 17.5 pA/pF
(n = 33) for the WT, GR, and GR/WT cells, respectively.
There was no significant difference between the WT and
GR cells or between the WT and GR/WT cells (P = 0.435
and 0.407, respectively, median test). Moreover, the plot of
the relative peak amplitude of the tail current against first-
step voltage was indistinguishable between the WT, GR, and
GR/WT cells (Fig. 2C). The Vhalf and K were not different
between these cell groups (Table 1). These results suggest
that hERG(G487R) subunit-containing hERG channels are
similar to hERG(WT) channel in activation extent and its
voltage dependence.

The activation time-course of hERG channel was demon-
strated by varying the first-step duration and by plotting the
relative peak amplitude of the tail current against the duration
(Fig. 2D). The time constant of the rising phase of the plot
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which are thought to be mediated largely by homomeric
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hERG(G487R)/hERG(WT) channels, respectively. The ac-
tivation and deactivation kinetics of hERG channels were
analyzed using a double-voltage-step stimulus (Fig. 2). At
the first step whose voltage was relatively high, hERG chan-
nel underwent activation as well as inactivation. At the second
step whose voltage was less positive, hERG channel was al-
lowed to recover from inactivation and produced a large “tail”
current (Fig. 2A, arrows). The tail current measured under
the conditions used in this study included virtually no compo-
nent mediated by HEK-293T cell’s native voltage-dependent
channel because the native current decayed rapidly upon the
cessation of the first step (Fig. 2A) and its current density
at the second voltage step was negligible (with a first-step
voltage of 0 mV, 0.579 ± 0.482 pA/pF, n = 7; P = 0.0027
compared with the WT cells, median test; Fig. 2B).

We used the peak density of the tail current as a mea-
sure of the activation extent of hERG channel (Fig. 2B).
In all the cell groups, hERG channels were activated with
first-step voltages above ∼–40 mV. The activation extent
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Figure 1. Mutation causing a G487R substitution of hERG channel sub-
unit. A: Pedigree of the subject family. Most members heterozygously carry
hERG(G487R) (black rectangle) and/or SCN5A(R1193Q) (dotted rectan-
gle). The age and values of QTc are shown below the corresponding symbols
(n/a: not available). Slash: the person deceased from sudden cardiac death
at the age of 19. Squares and circles: male and female members, respectively.
B: DNA sequencing profile of the exon 5 of hERG from the hERG(G487R)-
carrying female member of the subject family. The amino acids encoded
by the codons are indicated above the sequence. C: Schematic diagram
showing the location of the G487R substitution in hERG channel subunit.
D: Amino acid sequences of the S2–S3 loops of hERG(WT) subunit and the
mammalian homologs. Number before the sequence: the position of the first
residue of the loop. Arrow: the site of the G487R substitution.

increased with first-step voltage until it became saturated
with first-step voltages above 0 mV. With a first-step volt-
age of 0 mV, the current densities were 164 ± 18.1 pA/pF
(n = 21), 162 ± 19.9 pA/pF (n = 18), and 198 ± 17.5 pA/pF
(n = 33) for the WT, GR, and GR/WT cells, respectively.
There was no significant difference between the WT and
GR cells or between the WT and GR/WT cells (P = 0.435
and 0.407, respectively, median test). Moreover, the plot of
the relative peak amplitude of the tail current against first-
step voltage was indistinguishable between the WT, GR, and
GR/WT cells (Fig. 2C). The Vhalf and K were not different
between these cell groups (Table 1). These results suggest
that hERG(G487R) subunit-containing hERG channels are
similar to hERG(WT) channel in activation extent and its
voltage dependence.

The activation time-course of hERG channel was demon-
strated by varying the first-step duration and by plotting the
relative peak amplitude of the tail current against the duration
(Fig. 2D). The time constant of the rising phase of the plot
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hERG(G487R) Channel. Introduction: Mutations of human ether-à-go-go-related gene (hERG),
which encodes a cardiac K+ channel responsible for the acceleration of the repolarizing phase of an action
potential and the prevention of premature action potential regeneration, often cause severe arrhythmic
disorders. We found a novel missense mutation of hERG that results in a G487R substitution in the S2–S3
loop of the channel subunit [hERG(G487R)] from a family and determined whether this mutant gene could
induce an abnormality in channel function.

Methods and Results: We made whole-cell voltage-clamp recordings from HEK-293T cells transfected
with wild-type hERG [hERG(WT)], hERG(G487R), or both. We measured hERG channel-mediated cur-
rent as the “tail” of a depolarization-elicited current. The current density of the tail current and its voltage-
and time-dependences were not different among all the cell groups. The time-courses of deactivation, inac-
tivation, and recovery from inactivation and their voltage-dependences were not different among all the cell
groups. Furthermore, we performed immunocytochemical analysis using an anti-hERG subunit antibody.
The ratio of the immunoreactivity of the plasma membrane to that of the cytoplasm was not different
between cells transfected with hERG(WT), hERG(G487R), or both.

Conclusion: hERG(G487R) can produce functional channels with normal gating kinetics and cell-surface
expression efficiency with or without the aid of hERG(WT). Therefore, neither the heterozygous nor
homozygous inheritance of hERG(G487R) is thought to cause severe cardiac disorders. hERG(G487R)
would be a candidate for a rare variant or polymorphism of hERG with an amino acid substitution in the
unusual region of the channel subunit. (J Cardiovasc Electrophysiol, Vol. 23, pp. 1246-1253, November 2012)

arrhythmia, HEK-293T cell, hERG(G487R), KCNH2, Kv11.1, patch-clamp, sudden death

Introduction

Human ether-à-go-go-related gene (hERG) encodes the
alpha subunit of a slowly activating, fast inactivating voltage-
gated K+ channel expressed in cardiac cells.1-4 hERG chan-
nel undergoes activation as well as inactivation at the early
phase of an action potential, producing only a small con-
ductance. hERG channel recovers from inactivation at the
repolarizing phase of an action potential1,2,5 and produces a
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large conductance at this phase. In turn, this large conduc-
tance accelerates repolarization and prevents premature ac-
tion potential regeneration.1,2 Mutations of hERG may cause
type-2 long-QT syndrome (LQT2), which is characterized by
an abnormally long interval between the Q and T waves of
the electrocardiogram.1,2,5-7 LQT2 patients are at risk for
severe arrhythmic disorders such as torsades de pointes and
sudden cardiac death. To elucidate the structure-function re-
lation of hERG channel and the pathogenic mechanism of
LQT2, it is important to analyze the genotype and phenotype
of individual mutant hERGs.

Here we report a novel missense mutation of hERG found
in the genetic screening of a family (see Results for de-
tails). We termed this mutant gene hERG(G487R) because it
should produce hERG subunit with a G487R substitution in
the S2–S3 loop. A young adult member of this family het-
erozygously carries hERG(G487R) but has not yet shown any
major cardiac disorders. However, it could be possible that
the heterozygous inheritance of hERG(G487R) causes major
disorders at the late stage of life and/or that the homozygous
inheritance of hERG(G487R) does so at an earlier stage. To
assess these possibilities, we performed electrophysiological
and immunocytochemical analyses of hERG(G487R) prod-
ucts in heterologous expression cells.
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Bioinformaticsに関連した仕事に就くためには

• 英語⼒を少しずつ鍛錬する
• Bioinformaticsを開発または多⽤する⼤学研究室で修⾏する
• ライフサイエンス統合データベースセンターのToGoTVを視聴する
• 教科書で独習し，できれば資格（バイオインフォマティクス技術者認定試験）

をとる

広川貴次先⽣→ ←技術者認定試験
参考書



Bioinformaticsを含む情報化社会全体で格差が拡がる可能性

英語ができるヒト → 情報強者
英語ができないヒト → 情報弱者

しかしながら，
• 英⽶ではさほど問題にならない（⼀般市⺠も英語ができる）
• 諸外国では⼤卒者にはさほど問題にならない（⼤卒⽣は英語ができる）
• ⽇本では有⼒⼤学以外の⼤卒者では深刻な問題（⽂科省では，今後は英語がで
きない者は⼤学を卒業させないようにする⽅針）

• 英語⼒が必要とされることはこれから先も変わらない／変えられない，変えよ
うとしようと考える⼈も世界では少数派

• 学習⽅法を⼯夫して，少なくとも情報ツールを使いこなす英語⼒を修得するこ
とが重要（⾃動翻訳機はほとんど役に⽴たない） → 今後の我が国の発展を
左右する → 教師が⽣徒に危機感を伝え，⾃らも学ぶ姿勢が必要



課題

興味を持った話題に関するアプリをダウンロードし（またはブラウザー
で操作し），実際に操作する。

上記アプリの動作原理，アルゴリズムを調べ，簡潔な⽂章でまとめる。

上記のアプリ以外にライバル･アプリや発展形のアプリを探し，その概要
をまとめる。

A4⽤紙1枚にまとめ（ワードファイル），メールでttabata@eng.u-
toyama.ac.jpに提出する（期限：授業から１週間以内）。

http://eng.u-toyama.ac.jp

