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I. Introduction
It was a memorable experience to join with GCOE Program entitled
“Environmental Biology Laboratory Course I, II and IIT”, we really enjoy this
class. All courses are very interesting and surely it could elevate our knowledge.
The courses that I have taken are;
Course no.I: Beporter assay utilizing genetically modified Arabidopsis thaliana
Course no.IT: Analysis on the polymorphisms of a human aldehyde dehydroggnase
gene
Course no.IIl: Regulation mechanism of £ .coli lactose operon
Herewith I would like to convey the highest gratitude and appreciation for
warn:_rhearted guidance, kindly assisstance and wvaluable discussion to the
following persons:
1. Morikawa sensei: who has been a chair of this short program and paid special
attention to sharif san and me during the course no II‘I.\
2. Yamazaki sensei: who has not only shared his knowledge on plant science
through discussioﬁs but also he could make lab practice goes to be fun.
3. Washio sensei: Who has given an eperience to extract and see the DNA of mine,
he had great effort to re-explain the course in english. |
4. Laury san' who has translated the jépanesse languange during the first
course and assissted us during lab practice.
5. Honma san: who has kindly assisted in adrﬁinistration, registration and
providing material course.
You have made a great course and it has really inspired us to doing our research.

Thank you very much.



1I. Summarized Report
Course I: Reporfer assay utilizing genetically modified Arabidopsis thaliana

® Day 1st (December 7th)
We prepared the seed for plant biosensor analysis of genetically modified
Arabidopsis thaliana. By using DMSO as negative control and adding
progesterone (10 uM and 100 pM) to other sample in order to see it's
interaction with three artificial genes introduced to Arabidopsis thaliana.
There are three modified genes employed in our samples:
- Effector I as progesteron recognizer/receptor,
- Effector II as chimeric co-activator
- Reporter gene induced GUS activity that described how plant responses to
progesterone.
The seed then vernalized to be used for the next two days.
® Day 2nd (December 8th)
We had fun activities to observe the leaves of Arabidopsis thaliana under
microscope. We learned how to cut the leaf, digest its cell walls and produce
protoplast. It was really interesting to see the leaf’s physiology in inicro-scale.
We have succesfully seen the protoplast, trichome, spherical_ mesophyll cell
and cylindrical xylem.
® Day 314 (December 9th)
.We stained the seédling from two days ago by using GUS staining solution
and observed under microscope. We saw the blue color emerged 'along the
shoot for seeds pretreated with progesterone 10 pM and 100 uM. No color
changed in negative control. This result implies that rep'orter gene regulates

the GUS activity due to introducing progesterone.



Course II: Analysis on the polymorphisms of a human aldehyde

dehydrogenase gene

Day 4th (December 12nd)

We learned that aldehyde dehidrogenase 2 (ALDH2) is responsible to degrade
the acetoaldehyde and release it through respiration in acetic acid, water and
COz forms. There are normal (GAA-GAA), hetero (GAA-AAA) and mutant
(AAA-AAA) gene expression regarding the presence of active enzyme
(glutamic acid) and non active enzyme (lysin).

Here we were trying té analyze isohair DNA by cutting hair of ourself. After
some extraction process we have got template DNA and keep it at low
temperature for next day.

Day 5th (December 13+d)

We amplified the amount of template DNA by using Plymerase Chain
Reaction (PCR). We divided template DNA into two parts for normal and
mutant. This PCR product then stored at low tempexrature for the next day.
Day 6th (December 14th)

We have run agarose gel électrophoresis to analyse isohair DNA by using
previous PCR product. The result showed that I have normal type which

means I have active enzyme (GAA) that can degrade alcohol to acetate acid.



Course III: Regulation mechanism of E.colilactose operon

® Day 7th (December 15th)
I have learned about lactose operon as gene regulation system of procaryotes
to response with environmental situation such as availability of energy source
(sugar). This experiment aimed to observe induction and repression of LacZ
under various environmentals condition.
In the day of this course we just t.ried to measure enzyme activity of
B-galactosidase by incubate sample after treatment. We employed ONPG to
diluted crude enzyme and miller units counted by OD600 and UV-Absorbance
at 420nm.,
® Day 8 (December 16th)
The last day, we cultivate sample into three parts :
Flask no.1 with no addition
Flask no.2 with IPTG20 mM
Flask no.3 with IPTG20 mM and Glucose 1M
After measuring cell density and enzyme activity we get result as :
» Flask no.1 showed ldwest activity due to no enzyme activity.
» Flask no.2 showed the highest enzyme activity because of addition IPTG
as inducer of lactose operon.
» Flask no.3 showed lowér activity compared to flask no.2 because of
Glucose 1M as repressor of lactose operon.
» ONPG used here also regulates as cat_abolic repression.

QGraphical data not shown here.
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A Report on the short course Program on Environmental Biology
(7-16 December, 2011)

This short courses on Environmental Biology is very much effective for me as a new
learner that includes I) Reporter gene assay using genetically modified Arabidopsis
Thaliana, T) Detection of Human genetic Polymorphism and III) Regulation
mechanisms of Lactose operon in E. Coli-Bacterial gene regulation; a response to the

change of environmental condition.

Tn courses no. 1, we learned about how to seeding of plant biosensor using geneticaily
modified Arabidopsis Thaliana, construction of plant biosensor by introducing artificial
gene, Preparation and observation of 4. Thaliana protoplast (spherical mesophyll cell,
cylindrical xylem, starfish shaped trichome etc.) by microscope and finally reportet
gene assay using geneticaliy modified 4. Thaliana with the help of GUS staining

solution and stereomicroscope.

In course no, II, we learned about how to extract DNA by PCR and gel-electrophoresis.
We are learned about the principle of PCR and gel-electrophoresis. By doing this we
can easily find out the alcohol susceptible and degradation mechanism in human body.
We here used our hair to analysis of a polymorphisms of a human aldehyde

dehydrogenase gene by PCR and gel-electrophoresis.

In course no. I1I, we learned about the repressor and induction of gene and observed the
gene regulation mechanism using Lactose Operon (lacZ) under various environmental
conditions in prokaryotes (£. Coli).

I war;t to identify gene responsible for arsenic hyperaccumulation in water hyacinth and
Japanese fern (Athyrium yokoscense). So it is essential to know how to conduct plant
gene expression analysis and what is the genetical induction and repression occurs due
to the effect of environmental pollutants. .Also it is important for me to know how to

extract DNA, gene identification, cloning and transformation is done to produce a
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suitable transgenic variety for the remediation of environmental contaminants (e.g.,
Arsenic) from the soils and water bodies. So this short course is very much relevant to
me and I also learned about the very little principle and preliminary ideas about the

molecular biology experiment.

The djsacivantages are the duration of this course is very short to understand clearly
about the respective field. So time of this course should be extending for better
understanding. As an international student, sometimes it is difficult to understand
Japanese lecture but I think mostly it was solved by our Sensei for trying to understand

ourselves.

All of our teachers fry to understand us cordially and friendly environment and we are
really grateful to them for their kind effort.

My views about this short course are that it was good and very much helpful for the

students who are going to conduct such environmental biology experiment.

Finally I acknowledged to honorable Professor Dr. Masaaki Morikawa, Co-ordinator of
this program who arranged such kind of courses for us and thanks to GCOE for funding.
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DBR—HZ77 N Z—BAEFE (T7 h—AA<mr) 0 BT, BaFORBUEE D 578X T &)
il Rl F- DR DN TR A~BAR 7 O FE B A% 1 B3 5 B 2 TR 5

He: F Jacob & J.L.Monod 7% 1961 FIZHEE L 7oA~ 1 Uil RIS A Y OB s 1 I8 Bl 4 #
T LA S E LTEETHS. A% /EE@%oﬁ>7kf£of:@i)>jtﬂ%@77 —2FIHIZEA+
LFERTHD. 77 b—AFXa TR E T () & 3 OOWERIE T (JacZ, 1acY, lacA) &
EFNLINAEOERBRTIZEDOHD B—HT 7 o X —BORBREEEZNET 5 Z LICLVBETFOHR
RIS 23R T 5. T70b b, mRNA RO HFMCIRG %M E - BIRRZ IS VW TIEBE L
RN T P=AF R LT b= ADRMET T 7 F A, Y T a EN-B—D-FAHT T b
8 (IPTG) 72 EOFEWEAAE F CRIn R (B5) NFEsh 5. ZoMEIIHEEs (05
% lacl) O EEAESND ) T Ly —F R ENFEWE LA L TEEA kAR L, AL
— X —HL (o) ITHEATERSRDIZDIZELIMHEOHRTH L. TROLFEMENRNRY, U
Ty ORI ETo TV 5.
F72, BaFOEEX RNAKRY AT —ERnTone—4%—F% (p) 2L CHEATDHIZLEICLVER
WMESNDNT 7 h—AF a7 rE—2—EAITEERR 0 10 X 4 T O/ (-85, -10) LA LE
2o TWBTIOREDRITHK TN EEZ NS, 77 h—AF a9l a— K&hbd CRP
(cAMP Lt 7 & —% 2328, 4 CAP) i% cAMP L &K% L7 0t —% —fE (-67 14iT)
WZFEE L RNA R U X7 —B e 2 RET HHEEEZ D, 3725, CRP-cAMP (X EDOFfHi% -
TWa., ZZTHEMPIZ TV a—APFET 5 EMRNICR(LREED (WX RT74 ) ThHsH ATP
RENEML 3, 5 A7V v AMP (cAMP) REDIKTFEZHEL DTT I h—AF_n v ORBL&E
DI S D, TR Wb E I HRTA R FLyialThab.

—7, 77 b—ZRER LIRS, 0 a— 2 ORBERIFHELINHERE L TV D

RERHEE -

1) Znva—xRe 7 h—ARKFE LGS, MEWOBEHEBRIIEDO L IR D7EA51 2
2) IEEADOFRHI = EZERITHEND TR LS.

14



1040 122

3510 780 825 bp
| | | | | |
| | | | | |
CRP cAMP

RNA polymerase
L i fro] z | v [ 2 ]

N

Repressor
B -Galactosidase Permease
Transacethylase
) transacetlase
K. 77 h—AF0rOfEE & JERE
0 O. OH OH O. SCH
OH e OH OH CHj
OH OH OH
Lactose IPTG

(Isopropyl- 8 -D-thiogalactopyranoside)

X. FHEYE : Inducer



Lactose

CH,OH CH,OH
OH o) o. OH
OH o OH
OH OH
. H.0
B -Galactosidase,
encoded by lacZ
CH,OH CH,OH
(0] O. OH O. OH
OH
OH OH
Galactose Glucose
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SN0
Hix OFRMET TORGEOEIEE ML 70 D B—H T 7 F X —BEuE (&EE) O
PR AL Z D Z LTk v, LEROIGIHREBEC OV TERE TS,

2 -
- [HEHERE FEscherichia coli MM294 (thi )

- B SEeRbi L

[ Ak ] (1) pHT7.3
Bacto Tryptone 10g
Yeast Extract 5g
NaCl 5g
- HEHh bR M9
[ % ] (n)
M9 salts;
NazHPO, 6g
KH2PO4 3g
NaCl 05g
NH4Cl lg
Additives; (BDIBDRIFE)
1 M MgSOq4 2 ml
10 mM CaCle 10 ml
1 mg/ml Thiamine 1 ml
W A 5
[ Ak ] (1)  pHT.0
NazHPO4-12H20 21.48 g (60 mM)
NaH:2POq -H20 5.5¢g (40 mM)
KCl1 0.75 g (10 mM)
MgSO4-7TH20 0.246g (1 mM)
- RUSE IR
1M Na=COs3
- A
—he7x=1-8-D-HT77 hEZ K (ONPG) &K
[4 g/1in 0.1M Na-phosphate buffer (pH 7.0)]
- HiK

L E5H 100 ml (500 ml 77 A=) |[Z—H&HMHE L, —#t 3S7TCTREN#E LD A2 iEER
L9 5.
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[E8& 1] KEEE®D HASER AR
0.04% ZNa—ABLWN0.2% 77 h—AEMxAREZMAO L £H# 50 ml (300 ml 77 & =)
12 1% & 725 X9 A RIRZME L, 37°C TRE IRERT S, 60 57LAKE, 10 /0B X I2HEIK 1 ml
ERBEICY T 7L, ZRRER 2 ml 2012 TC ODeoo ZHIET 5. HIEHR, REHIRBREIC
L COKFTHRAFEL TR ODeoo HIEEZ A T IRMKIZ 7 7 v M9 5. W4T LT 90, 120, 150,
180 53 %D TNMZONWT B—H T 7 b F—BAkE (5 Z2KEOEHETCHET 5.

[EE 2] ELADRE
AENIAREROR I E LT, MY ZHEARL LIZUTOERDOSDEZHEHT 5.
77 A=K OfEE (ml)

1 2 3 4 5 6
MO 55t (1.25 f5IREE) 1616 16 16 16 16

AP (10%IEHK) 0.5 0.5 0.5 0.5 0.5 0.5
ZREEK 3.5 2.5 2.1 1.6 2.1 1.6
ATEE 2K 1.0 1.0 1.0 1.0 1.0 1.0
7a—2Z (1M %K) - - 0.4 0.4 0.4a 0.4
cAMP (20mM A7) - - - 0.5 - 0.5P
IPTG (20mM &%) - 1.0 1.0 1.0 1.0 1.0

Jva—=A, cAMP, IPTG I3HEHE 10 5% ICHNT 5.

ZOKZET=0 QSO T T 2a) L LTEHRZHD 5.

a) b HFEDT T A TIEZ N a—Ax IPTG il 30 D&ICHINT 5.

b) 6 KD T T A2 TlE cAMP 13 7L a—=% & IPTG iIN% 30 451N 5.

H 7V T FIAE
1. 1255 MO DO A ~7=27 T 222, BW I, 7REKE NN, RIERIEEEE
T5. STCORERHRIEIC 7 7 A%ty ML 10 pREEET 5.
2. EOHERIHEY, 7T A3l Va—A, cAMP, IPTG Z#EN+ 5. T=0I2%—EHOY
VT ELTH T T EIE 1 ml T, ZEEIR A 2 ml A T 3 fEAIRNT D (i) .
ODeoo Z I L 72 I JEVERIE £ TKM L TR E, MREMENEICEN T 5.
3. 0, T=20,40, 60,80 HHEICH 7 U 7TV, Bt & RRICOUETS.
B—HZ U b X —RiEEORE
Z RREIR CAIR Lo BHZ ML v 22—z, BELICHRALT v 7 AI X —TIH L
FRL 721, 3T COKIFT 40 73 —60 /fIfRIERT 5. M= U BENFERL ool kT 5.
I EMBERIR L T 5.
BRI 2 MBS UC Z ARER CAVIR L7z 800 nl (%L D L5%) 2= v
R RV T Fa—TIZ AN, 28 COMERME T 2 ML ERIET S, 2212 160ul OHE
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=hurT=2=-B-D-HT77 FET /v K (ONPG) WilkaMATESHEL, Ay

U v FCRIZBMGT 2 & [FRFIC 28 COTHIRMEIZ & & U CRERMUG & Akl T 5.

BOSEES (O™=hm 7=/ —)) ICTHRT 256 (EE) 250 b6 RISMFIEKR (1

M Na:2C03) % 400 u 1 M2 TRIGZAF LT 5 &[RRI EHRE 2 11 6O T RS IRpH] 2 IR e LS Bidk
T2 BAEHREL Tt min &35). 20 A% A LRWGEIIRISER T 5. Eff
T OISR RS 2 MU BT 2 L.

D EEUEE) & U IR A IR SOME IR Z N2 oo L ICHEEZ A b D2 W 5.
AT ETOREHIKR U THEREZIT O XETH L0, HIZIFZE A EEBH RNV TEifE
HBEELTHET7TZAam T=00REHZOWTEIFTAIER .

RS 1%, Wik AE O BE (10,000 rpm 5 20 U CHEARZ I S8, EEHELS BE
1 ml 2/ NRBREICEVKE 2 ml MAT3HHERLELOERLT v 7 A L% 420
nm O (Asz) ZHETS. T2 T Ao DfEN 0.5 B2 AT EREAR LEL
CHERISH B BT

B RIEME DR E
FEFRIEME DG G 72 AL (Miller units) 1 FULFO X S ITERT S.

D X As0X 9

Miller units = 1,000 X
t X ODeooX 3

2T, tIISEER (min), D IIAREE () ThoDH. ZORAE, FEFESRMTTIEN
1, BT T 1,000-5,000 FLEE & 722 B 72D, FESHEMEE 2 il d 2 858 18R] T
5. B, B—HT77 b HA—BEED 1 EALT %012 28°C, pH 7.0 D&M TFT 1 45
\Z 1nmol ® O=btu7x/)—)VElETIHEEL LTERINTWS., 22T 0=

ra 7= ) =D TR () Ao = 4,500 cmt M1 2 2 (T EIC I 2 H BT 5
ZEMWTE S,
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Objectives:

In order to live with the smallest costs, microorganisms usually keep many genes under
“repression” and release it only when they are needed. Latter operation is called as
“induction” of the gene. Lactose operon is one of the best studied in its gene regulation
mechanisms. This experiment aims to observe induction and repression of /acZ (one gene in
the lactose operon) under various environmental conditions. This experiment is based on an

assumption that the amount of transcripts directly reflects on the enzyme activity.

Bacterial strain: Escherichia coli MM294 (thi-)

Media:

1. M9 minimum medium without carbon source

M9 salts; (g)
NazHPO4-7TH=20 12.8 ¢
KH2PO4 3g
NaCl 05g
NH4Cl lg

Additives; (ml/1)
1 M MgSO47H20 1 ml
10 mM CaCle 10 ml
1 mg/ml Thiamine 1 ml

2. L-broth; (gn) pH1T.3
Polypeptone 10¢g
Yeast extracts 5¢g
NaCl 5g

Reagents:

1. Z buffer; (gn) pHT7.0
NasHPO4+7H20 16.1g (60 mM)
NaH>PO4-H20 5.5 g (40 mM)

KCl
MgSO4-7TH=20
2. Stopper solution;

3. ONPG soln.;

0.75 g (10 mM)
0.246g (1 mM)

1M Na2C0s3

4 g/l in 100 mM phosphate buffer (pH 7.0) [daily prepared]

Methods:
Inoculate a loop of E. coli MM294 cells into 100 ml L-broth (500 ml flask) and incubate
at 37°C overnight with shaking. This overnight culture is going to be used as

pre-culture next day.

21



Experimental culture flasks contain ingredients as follows;

Volumes added to flasks (ml)

&
M9 (x1.25conc.) 16 16 16 16 16 16
10% Casamino acids 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water 3.5 2.5 2.1 1.6 2.1 1.6
Pre-culture 1.0 1.0 1.0 1.0 1.0 1.0
1M Glucosec - - 0.4 0.4 0.42 04
20 mM cAMPe - 0.5 - 0.5b
20 mM IPTGe - 1.0 1.0 1.0 1.0 1.0

a) In the flask No. 5, glucose is added after 30 min of IPTG addition
b) In the flask No. 6, cAMP is added after 30 min of glucose and IPTG addition
¢) In the flasks other than No. 5 and 6, glucose, cAMP, and IPTG are added 10 min after

inoculation of pre-culture (This is T=0).

Cultivation and sampling methods

1. Inoculate the pre-culture to flasks containing M9 (x1.25), Casamino acids, and
distilled water. Shake the flasks for 10 min at 37°C.

2. Add glucose, cAMP, and IPTG as indicated in the table and mix gently.
Take 1 ml culture into a test tube containing 2 ml of Z buffer for the first
sample (T = 0) and keep it on ice. The sample will be used for measuring cell
density and enzyme activity. The flasks will be kept shaking at 37°C for 60
min.

4. Take 1 ml culture from the flasks afterwards with intervals until 80 min; T =
20, 40, 60, and 80. All the samples should be kept on ice before measuring the
cell density and enzyme activity. You may start measuring cell density and

enzyme activity as follows after preparing the first sample.

Items to be measured:
1. Cell density
Take 3 ml sample and measure optical density at 600 nm, ODeoo.
2. Enzyme activity (B-galactosidase activity)

1. Add a drop of toluene to each sample (3 ml) and mix vigorously with a vortex
mixer. Toluene will loosen the cell membrane so that the substrate (ONPG;
o-nitrophenyl- B -D-galactoside) will diffuse into the cells.

2. Warm the test tubes in a 37°C water bath for 40 to 60 min to evaporate toluene.
Then, keep samples on ice before measuring enzyme activity. These samples
are called as “Crude enzyme.”

3. Dilute each crude enzyme appropriately with Z-buffer to make 0.8 ml.

Remember this dilution rate, D.
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10.

11.

Calculation

Warm the diluted crude enzyme (0.8 ml) at 28°C for 2 min.

Add 0.16 ml of ONPG (substrate) solution and start measuring time (reaction
time; t).

The test tube will be allowed to stand at 28°C until coloring light yellow.

Stop the reaction by adding 0.4 ml of 1M Na2COs (stopper) and record the
exact reaction time, t. Reaction time must be longer than 2 min. Reaction may
be terminated in the case of no coloring occurred even after 20 min incubation.
For a blank test, prepare a reaction mixture in which stopper is added before
substrate. One blank test is enough for each flask condition.

After stopping the reaction, centrifuge the tube at 10,000 g for 5 min or 5,000 g
for 20 min to remove the cells from the reaction mixture.

Take 1 ml of clear supernatant carefully into a small test tube containing 2 ml
of water and measure the absorbance at 420 nm, A4so.

You may start with 1x dilution of crude enzyme. Higher dilution will be
necessary when the absorbance value at 420 nm comes over 0.5. In that case

you should start with dilution of the original crude enzyme.

One unit of B-galactosidase is defined as follows in this experiment.
D X Ago X 9

Units = 1,000 X
t X ODeoo X 3

, where “t” and “D” denote reaction time (min) and dilution rate (folds), respectively.

The unit value will be about one under non-induced (repressed) condition and

increased to one to five thousands under induced condition.

One unit of B-galactosidase is generally defined as the amount of enzyme releasing

one nmol of o-nitrophenol in one minute at 28°C pH7.0. The mol absorption

coefficient (¢ ) of o-nitrophenol is 4,500 cm* M1 at 420 nm. These units can be

easily converted by using ¢ .

Discussion

Plot enzyme activities vs time on a graph paper. Discuss about the effects of Glucose,

cAMP, IPTG on the gene expression. Discuss about the characteristics of induction

and catabolite repression and also their relations based on the knowledge of lactose

operon.

Preparation of report
A report should be consisted of “Title”, “Introduction”, “Objective”, “Methods”,

“Results”, and “Discussion.”
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Supplements

1040 122 3510 780 825 bp
| | | | | |
| | | | | |

CRP cAMP
RNA polymerase
| i | po | z | y | a |

‘\—) M
Repressor

B -Galactosidase Permease

Transacethylase

transacetlase
Fig. 1. Structure of lactose operon

OH 0 O. OH OH 0_SCH_
OH e OH OH CHj
OH OH OH
Lactose IPTG

(Isopropyl- 8 -D-thiogalactopyranoside)

Fig. 2. Structures of inducer for lactose operon
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Lactose

CH,OH CH,OH
OH o) o. OH
OH /) OH
OH OH
H,O

B -Galactosidase,

encoded by lacZ

CH,OH CH,OH
(0] O. OH O. OH
OH
OH OH
Galactose Glucose

Fig. 3. Reaction of B-galactosidase (products of lacZ) in nature

2N CH,OH
. 2 O,N
oni 2o B -Galactosidase, © 0._OH 2
OH o— > OH .
encoded by lacZ HO
OH OH

ONPG: Galactose o-nitrophenol

(o-Nitrophenyl- 3 -D-galactopyranoside) 420 nm

Fig. 4. Reaction of B-galactosidase (products of lacZ) in the laboratory (this time)
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REAYZEE || TE MEGEFSEDBRH ]
Bl EFMAETILTERRKREBRETFZEOBKEE : SNPs (single

nucleotide polymorphisms) HY - 2E {#5

P hTaves N, —EOEMR L OBETEIOT R TERET DMAFIETH Y | BERE,
ayvaynT, vaAXFTR) b MNeEOEERETNVAEYTIE, BEICES ) MMERPTI L
IZENT, WESNTCBIBFESNL S X7 EIERIT. BRT —F X=X TA S, EH2AHEA
CHACE2REICH D, ZOXIRBNCLY ., FxZEMR L O BB EROSHREMD Z &N
AIREIC A2 o TN MERZR T ) DMEREE > TRITMEZ T D002 L NI FERFEINTND (RA M
J BHEIR), FD X DRI T, R SN TV D L OICEIETZRR S 5,

MLt FChoTh, BEFEINTE> o S AR
[Al—Tix7ewy, fE A AFER T OB TELY DO @y ) w7
BB, DRI, EOWRAE LICHBT 5 Lo
IEZND D, BIETOMAES, NERAEL E ‘cé Lo
THEFZH LV, ZORTY 1 SOEERT g 7S 5
DY E Hb > TV 5D b D% SNP (single ¢
nucleotide polymorphisms, “TATXE—" ¢ L <
A=y LREETS) LIRS (K1), BETF %

DI 90%IE SNP TH B, b N LADEAE. BX - Figure 1: SNP (single nucleotide polymorphism)-- %
500~1000 HEH(IZ 1 SOEIG TEINOEWR 2225, SNP (X, B M 20K 0.1%2H7=2 300
T B BWSAFET D L HEE Sdv, SNP DT 217 9 Z LI &0 | NEO LR 0B & 2 #r
MR, EEY, BB EosentEle L HiFF S LTV b,

SNP % KB4 5% & | s 75N D cSNP (coding SNP) & | s 1IN AFET 5 gSNP
(genomic SNP) &I243F Hivh, F£72 cSNP I, BB T OWEEFEI 27 5 rSNP (regulatory SNP)
A > hr Y E®iSNP (intron SNP) # Mz 2566 HDH, TDO—FH T, BIEFNIC SNP ZFiH 72
WH, A—=RTL2 NI EOT I/

BB HIC ZL D72 b D % sSNP e )
(silent SNP) & FES (X 2), ! exon } '
ARERTIT, EANOEEL
BIEFEHEERENEKR T T A4 ~— (alele amino acid no amino acid
A s

specific primer) ZF|H L7247/ A , g : o

Pra _ 2 possibility of the variantion e oy s
PCR {féui ) NI /V%{ﬁnﬁfjﬁé in phonotype gz:’rx::;eigpw
FHEBEFE A 2 — R4 5 aldehyde o

e - Figure2: Classification of SNPs and their significances
dehydrogenase 2 (ALDH2) i&fs1 D o 9

LR emtT 5,
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EEBR A 2 — )L

1HE EBROJHA, £EZ)2 50 DNA OfiH

2 HH PCR#EEOFE, PCR KILOBIG, 73—y FF AR

3HH 7TAHr—RSVEKUKENEIZLD DNA KA OSEE, =F 20 L0 @28 % PCR EY

DO, FEEROE Lo LBEL

I. 7ILTE FRi/Kk&EEER (aldehyde dehydorgenase 2) D&z FE DEH

TT e NBUKSRRER L, SilRO=5 ) —L FZIa— (L& —N)
DRBPEN 2 5+ DWERTH D, ALDHZ L <7ha—EokEERE (ADH)
BFide O 12 FYAEOER (12924.2, 7€ F7ILFE K

q: queue) (A& L. 44 kbp IZE 7120 5@+ | —7LFE KBKRESE (ALDH2)
SEIRICd D 13 D> s v AT, ALDH2 % BEEL

FEMEKT D 1 2D subunit (517 amino acids) !

%2% F‘l/fl/\%)o

ASP : allele specific primers
ALDH2

Forward
5' -CAAATTACAGGGTCAACTGCT-3’

Reverse/Normal (N)
5" -CCACACTCACAGTTTTCTCTTC-3'

Reverse/Mutated(M)
5’ -CCACACTCACAGTTTTCTCTTT-3’

DNA of allele 1

5 c 1 3
R 4@,5.
CON(Forward)
.
3- IR AT 5-

ASP2 (M) 537 no amplification

3 LT, 5

DNA of allele 2

5 3
: =5

CON(Forward)
ASP2 (M) >
. T .

ASP1 (N) 537 no amplification
3 THTERTT, 5

Schematic drawing of ARMS

TCARIRRIC K Bk&ZBLikE
ANDFTENHE EEHANDIEH

<EATO7IVA—IVDOEESHEER>

8T & 5 ALDH2 &M 4813, ALDH2 &5+
ERERIZ LD ZEBhoT0n5d, FELLIE, H
1227 YO N4 FEOEEN GO AICEBRLTEH
V. ZOFF, ALDH2 % > /7B D 48T KRB DT 2/
feis, 7 x U (GAA) U Yy (AAA) (281 L
LCW5, ¥# a1 (allele) OfAEDOENS, EFR
REHEASE NNA), ~7 ek (NM A, 8RR
HAE MMA) o 3O EEFRICKAT S Z EnT
ERAR
AR T 2BEFHOBENERHANDL Z EIC
EoT, 2O NOHIEIZRT HWIERRRE (T L2 —v
M) Z2fB32 2 L8 AfE L 725, NN AL, —#%Ic S
IBWEBHD DL A7 NM BT, BEICIXH 28 £ £
DDA MM BL, T ITENRL R RD RN F
A4 TENZ B,
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FBRi1X . ARMS (amplification refractory mutation
system) ZFEARFEL S LT, ALDH2 &5+ DEM 2 i+
Do
(allele specific oligonucleotide primers) %f{# > C PCR %
TV, BIEESh=7 544 ~—k > FOEO) S EIEF A
R D FETH D,

1)

2)

3)

4)

5)

ARMS % 2 FEEHOXM &G TRROERT T A ~—

—wiRk>P—2%t - ISOHAIR DNA i v FZFLVI-EE DNA DR

KARNZ 4 NT—DDITN—T%2WRT %, (AEORBRIND, TH, BEOBNA, HEO A,
ETHFHOADHRZAFT TIHL LBV

FEWIRL Y BELBR T ERERY , = v R U— 4 - ISHAIR DNA #itH =~ h &2 AT DNA
RS D,

FBEOLEERERY VX IVETHD “r7F 7 &, JRFE. SDS. proteinase K (2 L 0 04 5,
HHHHAREHR T O 2406 ORI LV | DNA g7 E o2 7y NiEHE ks h g, (2
DRF DNA VX, JREDOEMEENC LY —REHEE L 72 D)
ﬁﬁ&&Vﬂﬁgwﬁéﬂﬁ%é7:/wwkﬁﬁﬁé:ku < KRR D 2 T A bR
ET D, BHELLEZ X7 BT LR, KE L7 =/ —VEORRICALET 5, LE O DNA
W53 2 IS D RHSIE, COFRBEZRD ARV K ) IHEET D,

T —/VIEBIC L DNA 29 %, DNAVEIRIC, @iREOHAFET (0.3 M Figt U v
L) TZZ ) —nEMALDE DNAGFREET 20 TR O EIEIC LV BB E L THIRTE %,
Z OB, kA (carrier) & LC. EWIEEO R WZHHE (Ethachinmate) 2T 2% 2 & T,
72 DNA ORIEZ EIF 5 Z &N TE 2,

- Extraction buffer : Tris-HCl (pH 7.5 ). SDS. H¥iff, JK# (urea) N L TW5 & X(2iE 55°C

DIRB T 5,

- Lysis solution : DTT (B&{tBA (A1), 5 i Al

- Enzyme solution : proteinase K (¥ > /37 & /3 fif§% 3%)

+ 3 M sodium acetate (pH 5.2)

- Ethachinmate : =% / — /VILEILILA] (7)) 2—5 72 EOZHED)

- TE (pH 8.0) : 10 mM Tris-HC1 (pH 8.0). 1 mM EDTA, —fi%f97: DNA Oy fiFaAsK
+ Phenol/chloroform/isoamyl-alcohol (25 : 24 : 1, v/v)

+ Ethanol (70%, 100% solution)
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KR TFIE

10.

11.

12.

13.

14.

15.

16.

17.

FRIRL Y B 3~4 KA &Y | 82X E 2R T2 1.5 ml HOMEE LT =2 —7 1A
72 100% =% J — /L TEEL P+ 5,

Hol % BERELORAN BN I T 2~3mm BBEOE S22 A0 HL (FifF.6~8 K),
1.5 ml O EE LT = — 7 IZiERICAND

RELD A o 72 > T VT 2 — 72 Extraction buffer % 200 ul, Enzyme solution % 5.0 ul,
Lysis solution % 8.0 pl X %,

B LE, FTa— T2 HTIE LW TEREZIRAET 2, (¥ v 7#1F)

55C, 20 3fElA v F aX— 425, RISKRF, 5 pZ&Ic¥ v 7235, AEOIR
ExTHRVWE S ICHR AT,
20 43t . & 52 Enzyme solution % 5.0 ul iz T, ¥ v 735,

55°C, 20 pfHlA v F2— 425, RUSHHT, 60T LIZ¥ v BT 2T D,
(CBEEIT Z OBEPETRAICHET T, BADEIRE 7 5)
Phenol/chloroform/isoamyl-alcohol % 200 pl /2 T, 5 i ZinEIRfNT 5,

12,500 rpm. 5 %3], RIEO@ELRIET, 7=/ — @ L KBZ T D, O B4
VR BEEDTHEBAERS AWK IICHEET D,
KEAZEY H L, BOH LW 1.5 ml HOMEELF 2 — 71287,

B L7=KJEiZ, 3 M sodium acetate % 20 ul, Ethachinmate Z 2ul iz T, # v 7
THERET %,

100% =% 7 —/L 400 Wl Nz CTIRE L7-t%, =EIRIZ 10 /7M. FET 5, 12,500 rpm,
15 43fHl, IR O OEAECTELEE L7 DNA 2B S 5,

WOE, vA 77Xy hEHWT=X ) — V&2 RET D

70% % ) —ViKikZ 1 ml I L C., $EFEenCiERTEf+ 5,
12,500 rpm. 5 2rf. B OELDBRIEOE., 70% T ¥ ) — WRKE ERIRET D, Z

B, A LbRWE S ITEET S,
5~10 47, EZERL i,

TE (pH 8.0) ¥ii% 10 pl iz T, DNA ZiafE+ %, @ template DNA)
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. PCRIZIZK DBEFLE DR

ARMS I X AEETFERoBE AT 5, il L7z DNA 288z L. 2054 ~—t v b (F

A

AL R 2RV A PCRIEICEK Y, B E T 2B FRAHRIT 5

Ex Taq DNA polymerase (5 units/pl)

10 X PCR buffer for Ex Taqg DNA polymerase

dNTP Mixture (dATP, dGTP, dCTP, dTTP, % 2.5 mM)
- ddH20

- Oligonucleotide primer [Forward (FW), Reverse-N (iF %), Reverse-M (£ #/)]
FERTFNE

1. 1BEHZY 280 PCR T =—7 (EFH, ZEAKEH) 2HEL T, LTOMED

PCR RIS &S %,
Template DNA 2.5 ul
10 x PCR buffer 2.5 ul
2.5 mM dNTP mixture 4.0
Primer-1 (Forward, 20 pmol/ul) 1.0 ul
Primer-2 (Reverse-N or -M, 20 pmol/ul) 1.0 ul
Ex Taqg DNA polymerase 0.25 ul
ddH20 13.75 ul
Total 25.0 pl

2. LUFOEMTPCR 24TV, HRJOBIS W 2 HiES 5,

94°C. 4 %
!
94°C. 30 ®
57C. 60 # 35 A 7L
72°C. 20 B
!
72C. 3%
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V. 7 A B—2R5 )VESIKENAIC & 5118 DNA B/ O

DNA @R ET T —ADY = /W AN T—EDELEZ T D L, AZHET 2 DNA 5, IR
DT Ha—ATFNVOMOEEL SVRBDL, A TFTANLT T AOFR~EBENT S, ZOFE, W
DNA W72 <MOHZL SO, EVBTRIES CVIZ WO T, fRE LT, BEIEICENAED
5.

BRUKENI%R, DB L7 DNAWh 2 =F v a7u~vA K (EtBr) THRET 5, EtBrid,
ZR$H DNA O HS ORI AV IAT  EEANRZ BRI 2 L WIRTR.Z 2 590 nm DHOCEFET 5728,
Z I TO DNA OFFENRRTE 5,

B IFUYVLTOTA FlE, RAZEHRA (RHUMNE) THEOT. I
UIRWZEHAISEET S | AT FREEAL TRRIBEET L !

B
X174 Hae lll digest
- TaKaRa Agarose LLO3 bp
1 X TBE buffer (89 mM Tris-borate, 2 mM EDTA)
- EtBr solution (5 mg/ml) —1as5a
—1078
10 X Loading buffer —872
- DNA ~—%— (¢ X174/Haelll digest: 0.5 pg/ul) —e03
- TE (pH 8.0)
- ddH20 3102,
p=rd
—1o4
—118
—72
ES TS

T Ha—Z7 L (1.5%, 40 ml) OVERL
1. Agarose LO3, 0.6g ZFFVEY ., 100ml 7 7 A 2| A5,
2. 1XTBEbuffer, 40 ml %7 F 222z 5, (T Hr—REE, 1.5%)
3. WHICFT v I A X THEDITS, 7T AaDOILT v PP 2~3 » T REBIT 5,
4. EFLVIIUTENT, BRTFEZRRDL, REZIFERNEIITT D, KGBRATZSL 7 T A

azRVELT, beDKEE CEREKEMIET D,
5. THE—=ZARBERIIR TS, 77 A3 ERRICHEL T, FTMNLISSOWET, 74
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— AR AN ET,
6. 3mmEREICRDL LI, THR—RRKET VN LAITHLANRS,

17 L—2HZ LT, 30~40 ml FRE DT H v — AIFIE V)
7. REOKIAZIYRWT, a—2i%fid, FIRIZ 30 HRREME L T/ LV EEILIE D,
8. FANERIZEE-Tba—LEENT, kEEICEY N5,

9.  JkEh# |2 1 X TBE buffer 2 4 /L OEEHNIELFLEANS, (£ 300 ml)

VKB > 7L D i

1.  PCR E®IZ 10X Loading buffer % 1/10 & (2.5 ul) MMz %,

2. %, MEREOMETEELLT, REEAVY X T TS,

3. DNA ~—7%—% TE (pH 8.0) TR L T (0.2~0.5 pg/10 ul), 1/10 £ Loading buffer %
Mz 5,

1. ~A7rbXy h2HAWTKEBHAREZ, v VT 75495, 1 T=Hieb
10~12 l WEZ &7 D,
2. Y rFroimor—4Z, DNA ~—b—%T7 771435,

3. 100V OEL CUkEh A BtaT 5,

4. BPBFHWGHK) 2, Vo AnLALOASBREETBELEZS, k#iz b, (K304

5.  TNEKENENOERVHL, =F VY AT uv A REKR (0.5~1.0 pg/ml) 12 10~20 53 FEE R
LT, DNAZ#0T 5, UV F 7 A VI X —F— ETDNA DAY e L%, R
FuA NEEEHRET 5,

EE ! FILOBREORICITERKR, hEA A RZFERAL. EXICHE TERELEN
BERLGLNIE!

V. "YFTFRAMZI&EB7IILa—)LittEDEBRZHTE

T a— Xy F— )L DIEN T
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1. RNyFTr—ilonTnaH—FIZ, Iml Oy k=2 TT0%T 4 ) —/IL & 4~5 7125
L. Tl —% FRAINciE s,

2. THOBIME L%, I ZIEINT, EIC 10 M8 L7-%IC. — I ZITo -t & E
DEEBET D, CHER, KEEZZTH6R\WI L)

3. YV NEEFSTGEFOKEOEN, R bR (), P LR85 (£), HofRkiZ2 b ()
T, Ta—LOREHEE EHET D,

VI. RERDFE LOF

LAR—FOFSHIE, R DIHET L, FRERIT, AR THLONIRLT VLS ICHATT

ReLTELEDD, EREROERLADEREZAMDTEAL T, MAKTROERZZ LTS LR
Wy,

TERAB)
Wik 5 H 0 B AR SRy FF AR BEEFROME | LR ks it %

1

2

3
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2011 IFES-GCOE 5HHRER
RIREMFRE |

Fookkockskckokkok ok kckekkok ok koo ok koo kokkockok ok koo ok ke kekkeckkk ek kokokkx
247020 F 12X IL - R R—F X NEICEF D
FIZFREMIINOBRIZT B

http:/ /noah.ees hokudai.ac.jp /emb/ymzKlab/yamazaki.html

i B— (WHBRESFHAR c BRPTEMFERE - MR 4522)
ymzKeees hoKudai.ac.jp

18FF : WHRATATAR C 4 706 BE b
BE: 128 58 — 9B (Fif 1505 615H)
FUANHIC
CORETH. STRUNCVAIOZOS N ZAIL-Hi—EXNEE S BEF BN S G5

3. S, EMOHGE VIRETRHNICHRANORGFEANEELT, F<EHND. EEHIC
[FRI3N, VS RICIFFET, BNIEREATHS.

Rirza—IL

1ZA 5 6 B (K) 2947020 2 7241l - R R— R X MNECF D22 R FRERMA
RNOBRIGFOAEA

12A 7.8 9B (R) ENBIRNTOBABETORROEBHRRE
2170202 721 IL - R R—KRX bk

fRRETARHNCIEMMERO & 5BV EIC DNA ZBEAF DFEAELTHNSNTINS, A
#NICIF. DNA ZEEOI > ERONMFICREIE, Al7L1TR0 &S5 EEOTI RO
Ot hU, TZOBRNIC S LIRHFEHIC DNA ZHRNKRNICELAD, €I hSilERE
UIE DNA DSOBEEMICI—RINTI\2BBHARZ L K7BZ—BNICARZE,. £UE
2> R7TEOHRNETEE #ERMHETAI\TREI 5.
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X8 1

2470202z 7RMIL K R— R X MMEC & 327X X REMIRN OBRIGT
(21 ¥,

RIZFORRIZ. —BOHIRANSKSISH. DNA OBAMEEZIL ~O—ILLNT ), FEH
BTHIZENS, BAINE DNA DS0%EEMOFESZ. BOT(EZIERELTHRRRETT
RTELNT(),

10.

it)

S0+ 0) DNA Ok%E : 201+ (Gold powder, Spherical, 1.5-3.0 micron, Aldrich Chem, Co.)
5mg &lctl, 100 ml & TE &bz, /=t —4%—(Sonifier cell disruptor, Branson
Sonic Power Co) G, Out put = 4-6. 5 PRATERLTHS.

DNA B®& (1ug/2 pul) IC TE % 18 u |, ki@t FE&RZ 10 1 | ZREYE.
0 ul &FB (BEBRBI v RAFa1—20BFTANDISGHCT D).

3 M CH;COONa 3u I, 100% T#/—IL 100 n | %Zm&x, 2vELT7TEF<REL.
-20C T 15 PRAFES 5.

10,000 rpm . 4CT 1 BMEGL. EifEERY 22 P-200 TRIILTIETS.

70% T2/ —IL% 300u | h0X, Fa2—20R@ %R0, 10000rpm , 4CT 1 73
BiEisL, EifEERw 22 P-200 TRIILTIETS.

100 ul O 100% I#/—Il%Z, KB B&IT S (K> R—F X FREHROTHK).

BIZF OB : BIGFEALEE (GIE-1I IDERA, TANAKA Co, Lid) ZBL BIZFEEBAT S,
BB RIS BEIIC. Power R4« F, Main pump R4~ FOUBICR A «+ FaAL, He &K
ROXA 2 RIL2%RITISTE, pressure / ZILZV B4, He press gauge it 3 Kgf/cm? (—
RE) K53 &5ICiRENT 5. Start #L T, AAROLEERT D (CNTH RS ). R
IC. MTOBMEEELIEL, 22RFICHRIGTFE2EANT S,

15em @ASSHIIC) > ER2%F (F2RFBLEINNBORTZRI, 4 BREI D)
%, BRNECGSESIC 1 20 »—LIC 2 BFO>AN. RIEFHROBICES(ENMSS5
ERBNRE). RANR—K X MARGRZE/=r—kU (Output =4-6, 5 BR), 5 u |
IORBERE/ T+ FODPRICAND.

Yy FEREL, Z% 5. 3 way valve %& vacuum ICU, vacuum gauge ' 600 mmHg
ICTF >IcE2 AT Iwayvalve % off ICTF D, start L, RIL2ZRIKRLTIT? (1 &8
FOH L Z2ULICHNT, 2 BORZZRXEIC 1 AFH1T53AD, time [F 0.025 PHRANHB,
SSAEETTI NG, BRERICHIOKGENNZZRIFORAICHSHhN D).

RIR¥F, »»—LIETILIBTRALKR. 25C T—IRFE.

i —R—0{ERICOL\T : DNA OO 2XNRIHGINSFSH. MTOBRTY/ =H—>
3 »%1T->TC DNA #R#RET S, VY- —3—%BHKTESLEXLT12THAL,
Biike ANEE—N—ICY/ =r—2—%i2IH. output=4-6 TS5 WW/=H—K0L. %
B, IR/—ILTHR=E, TBRLICHE. /=h—>a3a 21375, /=—> 3% BE. i
ik TikiPd 3.
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X8 2

27X FREMRBICEBA TSN CRGTFORABRIMN
1. 8% : 22%F0BRZE Y FTREWRLU, RFIRNFRICOE, BilkeERTFUE

% NR—132N1H3. (Z2RFOAF-EL, RANBASGIIFSICT ) CheHd
HARWMRTHRTT 5.
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2011 IFES-GCOE
Laboratory Course of Environmental
Biology |

Fookkockkckokkockkockok ok kockekockok ok koo ok ok ok kokkockok ok ok ek kockkkek ok kokkokokk

Introduction of Gene into epidermal cells of onion by micro projectile bombardment

http:/ /noah ees hokudai.ac.jp /emb/ymzKklab / yamazaki.html

Ken-ichi Yamazaki (Graduate School

of Env Earth
Sci - Ext 4522) ymzkeeeshoKudaiac.jp

Lab: Graduate School of Env Eart+h Sci

Dec 5—9(13:00~18:00)

Schedule

Dec 5, 6
Introduction of Gene into epidermal cells of onion by micro projectile bombardment

Dec 1, 8.9
Observation of GFP in plant cells under fluorescent microscope
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Experiment 1

Introduction of Gene into epidermal cells of onion by micro projectile
bombardment

1. Sonication of gold particle (Gold powder, Spherical, 1.5-3.0 micron, Aldrich Chem, Co.).
Suspend 5 mg of gold particlein 100 ul of TE, and sonicate them (Sonifier cell disruptor,
Branson Sonic Power Co.) at Out put = 4-6 for 5 sec.

2. Add18 ulof TE+oDNA (1mg/2 ml) . Add suspension of gold particle 10 ul+o the DNA
solution,

3. Add 3 M CH;COONa (3 ul) and 100% Ethanol (100 ul) to the above solution, Mix and
incubate the solution at -20°C for 15 min,

4. Centrifuge the solution at 10,000 rpm at 4C for 1 min. Remove upper solution by using
pipetteman P-200.

5. Rinse inside of centrifuge tube with 300 11 of 70% ethanol. Centrifuge the tube at
10.000 rpm at 4C for 1 min again. Remove upper solution by using pipetteman P-200.

6. Add 100 pl of 100% ethanol to gold particle fixed with DNA on their surface,

7. Power switch and Main pump switch of bombardment machine (GIE-IIl IDERA, TANAKA Co,,
Ltd) are turned on. Valve of He steel bottle is opened. Open pressure nozzle until He press
gauge show 3 kgf/cm?,

8. Set four segments of onion (1.5 cm x 1.5 cm) in a petri dish, Place the petri dish on the
shelf of bombardment machine, Sonicate the gold particle fixed with DNA on their surface
at Output = 4-6 for 5 sec. Put 5 ul of the suspension at the center of socket of the
machine,

9. Load the socket and close the chamber of the machine, Turn 3 way valve to vacuum and
turn off 3 way valve when vacuum gauge showed 600 mmHg, Push start bouton to release
He. Time required for bombardment would be recorded as 0.025 sec.

10. Segments of onion in a petri dish should be Kept in incubator at 25C for 12 h covered
with aluminum foil.
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Experiment 2

Observation of GFP in plant cells under fluorescence microscope

1. Pale epidermal cell layer by using forceps, mount them onto slide glass, add a drop of
water, and cover them with a cover glass.

2. Observe signals of GFP under fluorescent microscope.
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