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01/05/2017 - 01/13/2017    

・Growth Test 

We did a small experiment. In order to examine what types of strains can assimilate L-

theanine as sole nitrogen source, we prepared 5 strains of bacteria (B.subtilis 168, 

B.subtilis NCIB 3610, B.subtilis var.natto, E.coli C600, E.coli BL21) and cultivated them 

on 1.5% agar plates with different conditions (+18.7 mM NH4Cl ,+18.7 mM L-theanine, 

-N source )  

 

1. Prepare 3 flasks. Make the following mixture in each flask. (total 3 flasks)  

 

2. Add the following solution to each flask 

 

3. Cultivated the cells on the plates for 6 days at 37℃ 

 

Results; 

10xM9 10 ml
50％　glucose 1ml
0.1M CaCl2 0.1 ml
1M MgSO4 0.2 ml

100xTrace element 1 ml
water( with  agar) 77.7 ml

 theanine 10 ml/flask
10g/L NH4Cl 10 ml/flask

water 10 ml/flask



 

 



 

Fig1. Growth test on agar plates with different nitrogen source.  

5 strains of bacteria were cultured on minimum media for 6 days at 37℃. Figures above 

show that B.subtilis strain NCIB 3610 and 168 could grow using L-theanine as sole 

nitrogen source, but E.coli couldn’t.  

Looks like B.subtilis strain NCIB 3610 could grow much better than the others on L-

theanine-added plates. We decided to focus the growth test on strain NCIB 3610 for 

identification of theanine-induced gene. 

 

 

Growth test 

01/13/2017-01/16/2017        

・Growth Test 

We cultivated the B.subtilis strain NCIB 3610 in the M9 liquid medium to make sure 

that bacteria did not utilize the agar as nitrogen source.  

 

1. Prepare the same media we used on 01/05/2017. (changes; 50% glucose instead of 

water) 

2. Dispence 5 ml of the medium into each test tubes. 

3. Start the cultivation 

 

Results: The Fig. 2 suggests that B.subtilis strain NCIB 3610 could not grow without 

nitrogen source. This indicates that agar was not assimilated by the bacteria. Fig.2 also 

suggests that the bacteria grow slower with L-theanine than with NH4+. We found that 

L-theanine is less favorable nitrogen source than NH4+..       
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Fig 2. B.subtilis NCIB 3610 grown in 3 different liquid media (50% glucose, L-theanine, 

NH4Cl) 

 

01/16/2017-01/18/2017 

・Growth Test 

1. Prepare the following mixture, and dispense 4.5 ml from it into each test tube. (total 

14 test tubes)  

 

 

2. Perform a serial dilution of nitrogen source (+ NH4Cl : 1, 1/2, 1/4, 1/8  +Glutamate: 

1, 1/2, 1/4, 1/8  +Glutamine: 1, 1/2, 1/4, 1/8) and add the following to each tube. 

 

In here, the value “1” correspond to 18.7 mM (the final concentration of L-theanine)  

 

3. Incubate the cells at 37℃ and 180 rpm. The OD600 of each liquid medium was 

automatically monitored every 30 min. The growth curve was drawn by OD 

monitoring.  

 

Results; This time, the bacteria didn’t grow using L-theanine as sole nitrogen source 

10xM9 10 ml
50％　glucose 1ml
0.1M CaCl2 0.1 ml
1M MgSO4 0.2 ml

100xTrace element 1 ml
water 77.7 ml

 theanine 0.5 ml/tube
10g/L NH4Cl 0.5 ml/tube

Glu 0.5 ml/tube
 Gln 0.5 ml/tube

water 0.5 ml/tube



(Fig3). We guessed that during the experiment, L-theanine was decomposed due to the 

exposure to the light and heat. The cultivation failed.  

We found that the bacteria could grow too much and too fast with Glutamate added. 

Maybe we should change the serial dilution.  

 

Fig3. B.subtilis NCIB 3610 growing with 3 different nitrogen source. The bacteria didn’t 

grow at all with L-theanine added. 

 

01/19/2017                   

・Growth Test 

We repeated the last experiment again. The bacteria was incubated at 37℃,180 rpm.   

 

Results; Lag phase was too long.   

 

Fig; Growth curve   



 

01/27/2017-01/30/2017       

・Growth Test 

We repeated the last experiment (01/19/2017) again. In order to improve the growth rate 

of bacterial cells, the rotation speed was increased to 240 rpm this time.  

 

Results; + NH4Cl samples followed the strange growth curve. The serial dilution of 

NH4Cl might have been incorrect due to the pipetting error.  Pipetting error really 

ruined the experiment :( 

 

 

02/10/2017-02/13/2017        

・Growth Test 

We repeated the last experiment again. (Glutamate serial dilution was changed to 1/8, 

1/16, 1/32)   

In order to decrease the time of bacterial lag phage, we pre-incubated the bacteria on 

+NH4Cl minimum nutrient media plates (1.5% agar) before we began the growth test. 

 

Results; only the bacteria with L-theanine added could grow. It looks like the 

glutamate concentration was too low this time. 



 

 

02/17/2017-02/20/2017              

・Growth Test     

We changed the serial dilution of the nitrogen source as follows. Repeated the last 

experiment.  

Glutamate; 1, 1/2, 1/4, 1/8 

NH4Cl; 1, 1/2, 1/4 

 

Results; duration of lag phase was quite variable with different nitrogen source. Too 

difficult to analyze :(    

 

02/23/2017-02/27/2017           

・Growth Test for developing RNA extraction  

We significantly changed the cultivation method.  

 

1. Prepare 50 ml of medium below. 

 

2. Dispend 4.5 ml from it into 10(=5x2) test tubes 

3. Dilute the culture to a target OD600 of 0.1   

NH4Cl 5 ml
10xM9 5 ml

50％　glucose 1ml
0.1M CaCl2 0.1 ml
1M MgSO4 0.2 ml

100xTrace element 0.5 ml
Yeast Extract (10%) 0.1 ml

water 38.7 ml



4. When the OD600 reached 0.3 ( N source was dried up), add the following nitrogen 

source into each tube 

 

5. Wait for 1 hour 

 

Results; Error in serial dilution  

 

03/01/2017-03/06/2017                

・Growth Test 

We repeated the last experiment again.   

 

Add each nitrogen source to each tube.   (2 test tubes per sample)  

 

 

Results; the concentration of Yeast Extract was so high that this might have affected the 

growth rate excessively. 

 

03/09/2017-03/10/2017            

・Growth Test 

YE concentration was too high last time. We lowered the concentration of YE to 0.002%.  

The growth curve was drawn by OD monitoring.  

 

Results; the growth speed slowed down right after the OD600 reached 0.1, but the growth 

speed recovered after a while.  

 

One plausible explanation is that until the OD600 reached 0.1, the bacteria was using YE 

theanine 0.5 ml
Glutamate 1/8 0.5ml
Glutamate 1/16 0.5 ml
Glutamate 1/32 0.5 ml
Glutamate1/64 0.5 ml

NH4Cl 5 ml
10xM9 5 ml

50％　glucose 1ml
0.1M CaCl2 0.1 ml
1M MgSO4 0.2 ml

100xTrace element 0.5 ml
Yeast Extract (10%) 0.1 ml

water 38.7 ml

theanine 0.5 ml
Glutamate 1/8 0.5ml
Glutamate 1/16 0.5 ml

water 0.5 ml



as nitrogen source (because of the preference for YE), but the source of nitrogen uptake 

gradually switch to NH4+ soon after that. This is a problem because in this experiment, 

L-theanine must be assimilated to analyze the behavior of genes in the presence of L-

theanine,  

    

We reached to the two possible solutions.  

1. transfer the cells to the another cultures when OD600 reached 0.1. 

2. remove NH4+ from the media. 

 

03/14/2017-03/15/2017          

・Growth Test 

We tested to make sure whether the bacteria could grow using Yeast Extract as sole 

nitrogen source. 

1. Prepared the media without NH4+. 

. 

Add the following nitrogen source when OD600 reached 0.1. 

 

 

Results; the duration of lag phage is quite varied between different samples. We should 

have started the incubation at the OD600 of 0.02～0.03 

 

 

03/16/2017-03/17/2017          

・Growth Test 

We repeated the last experiment again. (Change notes: The cultivation was started at 

the OD600 of 0.02~0.03). 

This time, 0.002% YE is also tested as the sole nitrogen source.  

 

Results; The bacterial growth stopped when OD600 reached around 0.04. YE might have 

10xM9 5 ml
50％　glucose 1ml
0.1M CaCl2 0.1 ml
1M MgSO4 0.2 ml

100xTrace element 0.5 ml
Yeast Extract (10%) 0.1 ml

water up to 50 ml



been soon dried up as we have expected. However, fortunately, the lag phase was 

successfully shortened. 

 

03/23/2017-03/24/2017             

・Growth Test 

Concentration of YE was set 0.02 % again. Confirmed the reproducibility. 

 

04/04/2017  

Saki, Tomoya, Kyosuke 

・RNA sampling (B.subtilis NCIB 3610)  

1. Prepare the following mixture (150 ml).  Take 50 ml of solution in each flask. (Total 

3 samples) 

 

 

2. Start the cultivation at OD600 of 0.02. When the OD reach 0.15, add the following 

solutions to each flasks. 

 

When the OD reached 0.3, take 1 ml of medium into a new Eppendorf tube. Centrifuge 

the cells for 10 min at 4℃, 6000 rpm. 

10xM9 15 ml
50％　glucose 1.5ml
0.1M CaCl2 0.15 ml
1M MgSO4 0.3 ml

100xTrace element 1.5ml
10g/L NH4Cl 0.5 ml

10% Yeast Estract 0.3 ml
water 130.5 ml

L-theanine 10 ml
1/16 Glutamate 10 ml

water 10 ml



  

 

 

 

 

 

 

 

 

 

 

 

 

 

-04/05/2017 

Kyosuke, Harunobu 

・RNA extraction: 

We extracted the RNA from two types of cells. (theanine and glutamate). Extracted RNA 

was dissolved in 100 µl milliQ. 

(Sample Glu：630 ng/ µl Sample Theanine: 500 ng/ µl) 

      

   M      G      T 

 

M; marker G；Glutamate  T; theanine 

 

04/14/2017 
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04/28/2017 

・RNA-seq 

We got a tremendous help from our instructor, Dr.Tanaka. He generously carried out the 

RNA sequencing for us students. 

We analyzed the expression of genes in B.subtilis NCIB 3610 depending on different 

nitrogen source background.  

  ng/µl A260/A180 A260/A230 

sample G 630 2.013 1.013 

sample T 500 1.984 0.796 

 

① Take 10 µg of RNA (G: 16 µl, T:20 µl) and removed the DNA contamination by 

treating with DNaseⅠ. 

② Isolate the RNA (RNeasy Mini Kit:74104). 

③ Dissolve the isolated mRNA into 30 µl milliQ. (Sample G：332 mg/ µl Sample 

T: 412 ng/ µl) 

④ Take 2 µg of each sample and remove the rRNA (RiboZero Kit) 

⑤ Take 1 µl of each RNA sample and analyzed the data.  

⑥ Measure the concentration of each RNA sample using Qubit (G: 15.380 pg/µl、

T：61.7 ng) 

⑦ Dilute the sample 10 times and analyze the data according to High Sensitivity 
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DNA Assay Kit. 

 (G; 87.6 ng/ µl, T; 88.4 ng/ µl,) 

Below is the list of the possible candidate genes which was expressed 4 times more 

actively expressed with theanine than glutamate ) 

 



 



Results; Unfortunately, any promising genes (positively induced by L-theanine) were not 

found in the genes. Based on our supervisors advices, we selected 8 genes (ycgA, ydaO, 

yhjN, yitM, dppB, ykfA, yurJ ,frlO) as candidates genes. They will be analyzed by qPCR.. 

 

05/02/2017 

RNA sampling 

 

05/04/2017   

Kyosuke, Tomoya, Saki, Shoya 

・RNA extraction: 

Extracted the RNA of B.subtilis NCIB 3610 depending on 3 different nitrogen source 

(reference, Glutamate + theanine, water). 
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Figure above shows the RNA samples of “reference”, “glutamate+ theanine”, and “water” 

respectively.  

 (The RNA bands were blurred because ethanol was not dried completely) 

 

05/12/2017 

Today, Tomoya and Kyosuke designed the primers for qPCR 

 

05/18/2017 

Kyosuke、Tomoya 

・RNA clean-up 

Cleaned-up the RNA sample we had extracted on 05/04/2017.  

 

05/19/2017 

Kyosuke Tomoya Saki 

・Primer arrived  

The primers for qPCR arrived. Primers’ efficiency was tested.  

 

・RNA clean-up check 

Kyosuke, Tomoya 

The RNA samples cleaned-up on 05/18/2017 were run on a gel (10 µl). 23S and 18S of the 

rRNA bands were detected, but no DNA. RNA cleanup well-done! 



 

(marker, “reference”, “glutamate+ theanine”, and “water”) 

 

05/22/2017 

・Reverse transcription 

Kyosuke, Tomoya Saki 

Reverse-transcribed the RNA into cDNA for qPCR analysis. The procedures were 

followed according to ReverseTra Ace® qPCR RT Kit from TOYOBO 

 



 

 

05/26/2017 05/29/2017 05/30/2017 

・qPCR 

Kyosuke, Saki, Tomoya 

The first qPCR work. We analyzed the expression level of 8 genes (ycgA, ydaO , yhjN, 

yitM, dppB, ykfA, yurJ, frlO) and compared the expression change in cells when added 

5 different nitrogen source , theanine(18.7mM), Glutamate(1.1mM), 

theanine(18.7mM)+Glutamate(1.1mM), water, and reference.  

 

1. Prepare the master mix. (Add the following mixture in each PCR tube.) 

 

Make the serial dilution on 96 well plates as illustrated below in the diagram (each color 

corresponds to each gene: 2 times per gene) 

 

forward primer 1.2 µl
reverse primer 1.2 µl
ThinderBird 10 µl

milliQ 2.6 µl
(DNA) （5 µl） 
total 20　µl



 

 

Figure above shows the relative expression level of 8 genes compared to that of rpsJ 

(reference gene).  

“Theanine sensor gene” we are searching for must have the highest expression level 

when theanine is added. Based on this assumption, we selected 4 genes (ykfA, ydaO, 

yitM, ycgA) for further qPCR analysis. 
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・qPCR  

 carried out qPCR to further analyze the expression of 4 genes (ykfA, ydaO, yitM,ycgA)  

( 4 times per gene) 

 

1. Make the serial dilution on 96 well plates as illustrated below. (In the diagram, each 

color corresponds to each gene  (n4)) 

 

 

 

Fig. shows the relative expression level of the 4 genes compared to that of rPSJ (reference 

gene). 

It looks like the genes are expressed the most when water is added. This result 

contradicts the previous data (the genes should be more induced in the presence of 
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theanine). There must be errors somewhere :(  

This time, gene-specific primers were used to initiate reverse transcription, but we 

realized that this complicated the experiment procedures due to the too many samples. 

So, we are going to use random primers next time!!  

 

07/07/2017 07/10/2017 

Kyosule. Tomoya, Saki 

・qPCR  

Carried out the repeats of the same qPCR (we started from the reverse transcription of 

RNA samples). This time, random primers were used for reverse transcription.  

We analyzed the expression level of 4 genes (ykfA, yitM, ydaO, ycgA) when two different 

nitrogen source was added, theanine, and water.    

 

 

It turned out that no genes on the list can’t be strongly induced by theanine.  

 

When we first chose the promising genes from the results of RNA-seq, the gene 

expression was compared only Glutamate added sells and theanine added cells. We 

decided to    

 

07/14/2017 

・qPCR 

Kyosuke, Saki, Tomoya 

Repeated the same qPCR analysis to confirm the reproducibility of the previous 
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experiment.   

 

 

07/21/2017 

・InterLab study 

Saki, Kyosuke, Tomoya  

transformed the E.coli DH5αwith the 8 plasmids.  

 

07/22/2017 

・making E.coli DH5αcompetent cell 

This morning, we found that the E.coli DH5αdidn’t form colonies at all. (Later it turned 

out that there was a problem in competent cells) We gave up InterLab study Day 2 today. 

Instead, we made our own E.coli DH5αcompetent cells so we can use them the next time.  

 

07/24/2017  

・RNA-seq 

We compared the gene expression of Sample T and Sample W. RNA-seq was carried out 

by our instructor, Dr. Tanaka. Based on his advice, we selected new 7 genes (nasD, nasA, 

iseA, yrbD, pucR, amtB, glnK, ureA) for further qPCR analysis. Below is the list of 

promising genes (RPKM (Water)<100 ,RPKM (theanine)>100)  
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Function Product Name RPKM
Unique
gene
reads

RPKM(+0.01)Unique gene readsgene Name RPKM(+0.01) Unique gene reads

uptake of niacin nicotinate transporter B4U62_RS01750 199.81 3030 B4U62_RS01750 333.85 7034 #N/A argD 668.93 13567
B4U62_RS01755 100.21 312 B4U62_RS01755 171.99 744 #N/A asnC 604.52 13690

utilization of nitrite as
nitrogen source

assimilatory nitrite
reductase (subunit)

B4U62_RS01935 181.07 5519 B4U62_RS01935 66.15 2801 dnaA B4U62_RS00005 243.89 5728

nitrate uptake nitrate transporter B4U62_RS01950 121.96 1854 B4U62_RS01950 5.45 115 dnaN B4U62_RS00010 236.63 4712

unknown unknown B4U62_RS02335 471.37 4599 B4U62_RS02335 127.92 1734 yaaA B4U62_RS00015 63.45 240

unknown unknown B4U62_RS02340 608.2 9315 B4U62_RS02340 159.69 3398 recF B4U62_RS00020 330.47 6442

unknown unknown B4U62_RS02345 468.91 4575 B4U62_RS02345 151.53 2054 yaaB B4U62_RS00025 165.96 715

control of the
phosphorelay,
initiation of
sporulation

inhibitor of KinA B4U62_RS02350 467.76 4263 B4U62_RS02350 147.84 1872 gyrB B4U62_RS00030 340.91 11446

control of the
phosphorelay,
initiation of
sporulation

antagonist of KipI B4U62_RS02355 392.56 4988 B4U62_RS02355 139.75 2467 gyrA B4U62_RS00035 373.95 16151

regulation of
sporulation initiation

transcriptional
regulator

B4U62_RS02360 270.97 2572 B4U62_RS02360 110.26 1454 yaaC B4U62_RS00065 14.71 244

spore germination
spore coat
phospholipase B

B4U62_RS02365 261.59 2117 B4U62_RS02365 96.59 1086 guaB B4U62_RS00070 312.3 8024

purine biosynthesis
phosphoribosylaminoim
idazole carboxylase
(ATP-dependent)

B4U62_RS03685 400.22 2467 B4U62_RS03685 277.78 2379 dacA B4U62_RS00075 254.71 5942

purine biosynthesis
phosphoribosylaminoim
idazole carboxylase
(ATP-dependent)

B4U62_RS03690 690.45 9948 B4U62_RS03690 515.71 10324 yaaD B4U62_RS00080 953.08 14773

purine biosynthesis adenylsuccinate lyase B4U62_RS03695 1,170.31 19119 B4U62_RS03695 902.34 20482 yaaE B4U62_RS00085 1009.17 10446

purine biosynthesis

phosphoribosylaminoim
idazole
succinocarboxamide
synthase

B4U62_RS03700 1,156.74 10586 B4U62_RS03700 838.66 10664 serS B4U62_RS00090 231.65 5185

purine biosynthesis
phosphoribosylformylgl
ycinamidine synthase

B4U62_RS03705 792.69 2548 B4U62_RS03705 564.47 2521 dck B4U62_RS00100 100.67 1153

purine biosynthesis
phosphoribosylformylgl
ycinamidine synthase

B4U62_RS03710 1,258.62 10852 B4U62_RS03710 991.49 11878 dgk B4U62_RS00105 78.79 861

purine biosynthesis
phosphoribosylformylgl
ycinamidine synthase

B4U62_RS03715 1,119.49 31455 B4U62_RS03715 1019.22 39790 yaaH B4U62_RS00110 6.72 151

purine biosynthesis
glutamine
phosphoribosyldiphosp
hate amidotransferase

B4U62_RS03720 1,610.40 29049 B4U62_RS03720 1503.43 37681 yaaI B4U62_RS00115 7.43 71

purine biosynthesis
phosphoribosylaminoim
idazole synthetase

B4U62_RS03725 1,191.87 15640 B4U62_RS03725 979.24 17854 tadA B4U62_RS00120 22.45 191

purine biosynthesis
phosphoribosylglycina
mide formyltransferase

B4U62_RS03730 1,228.95 9109 B4U62_RS03730 997.13 10269 dnaX B4U62_RS00130 104.04 3083

purine biosynthesis

phosphoribosylaminoim
idazole carboxamide
formyltransferaseand
inosine-
monophosphate
cyclohydrolase

B4U62_RS03735 1,650.22 32014 B4U62_RS03735 1189.62 32066 yaaK B4U62_RS00135 90.23 512

maltose utilization
6-phospho-alpha-
glucosidase

B4U62_RS04580 115.65 1968 B4U62_RS04580 85.44 2020 recR B4U62_RS00140 100.24 1048

cell wall modification
polysaccharide
deacetylase C

B4U62_RS06710 184.54 3266 B4U62_RS06710 96.63 2376 yaaL B4U62_RS00145 63.45 250

regulation of nitrogen
assimilation

transcription activator/
repressor (MerR family)

B4U62_RS07360 252.76 1061 B4U62_RS07360 46.3 270 bofA B4U62_RS00150 27.26 126

tRNA modification nitrile reductase B4U62_RS07585 126.48 794 B4U62_RS07585 113.17 987 csfB B4U62_RS00180 7.04 24

uracil transport in/out via proton symporturacil permease B4U62_RS08495 298.28 4918 B4U62_RS08495 351 8041 xpaC B4U62_RS00185 51.35 553

pyrimidine
biosynthesis

aspartate
carbamoyltransferase

B4U62_RS08500 141.75 1635 B4U62_RS08500 108.65 1741 yaaN B4U62_RS00190 91.87 1868

pyrimidine biosynthesisdihydroorotase B4U62_RS08505 213.09 3457 B4U62_RS08505 174.76 3939 yaaO B4U62_RS00195 116.06 2933

pyrimidine biosynthesis
carbamoyl-phosphate
synthetase
(glutaminase subunit)

B4U62_RS08510 342.82 4732 B4U62_RS08510 271.62 5209 tmk B4U62_RS00200 86.05 963

pyrimidine biosynthesis
carbamoyl-phosphate
synthetase (catalytic
subunit)

B4U62_RS08515 390.86 15845 B4U62_RS08515 401.93 22639 yaaQ B4U62_RS00205 159.18 920

pyrimidine biosynthesis

dihydroorotic acid
dehydrogenase
(electron transfer
subunit)

B4U62_RS08520 380.5 3698 B4U62_RS08520 373.46 5043 yaaR B4U62_RS00210 128.96 996

pyrimidine biosynthesis
dihydroorotic acid
dehydrogenase
(catalytic subunit)

B4U62_RS08525 192.48 2271 B4U62_RS08525 280.48 4598 holB B4U62_RS00215 168.35 2919

pyrimidine biosynthesis
orotidine-5-phosphate
decarboxylase

B4U62_RS08530 305.53 2773 B4U62_RS08530 284.53 3588 yaaT B4U62_RS00220 251.42 3646

pyrimidine biosynthesis
orotate
phosphoribosyltransfer
ase

B4U62_RS08535 407.62 3345 B4U62_RS08535 387.66 4420 yabA B4U62_RS00225 252.97 1595

regulation of
glutamine synthesis

transcription repressor
(MerR family)

B4U62_RS09485 2,811.38 14459 B4U62_RS09485 295.98 2115 yabB B4U62_RS00230 57.8 753

glutamine
biosynthesis, control
of TnrA and GlnR
activity

trigger enzyme B4U62_RS09490 14,665.08 246788 B4U62_RS09490 1981.19 46324 yazA B4U62_RS00235 43.21 227

protection against
cell envelope stress

inhibitor of autolysins B4U62_RS09995 930.61 6405 B4U62_RS09995 232.57 2224 yabC B4U62_RS00240 72.11 1110

biofilm formation
major component of
biofilm matrix

B4U62_RS13310 621.12 6154 B4U62_RS13310 161.85 2228 abrB B4U62_RS00245 861.93 4393

uptake of alanine
sodium/proton-
dependent alanine
transporter

B4U62_RS15010 119.68 2195 B4U62_RS15010 7.98 203 metS B4U62_RS00250 237.58 8301

spore coat formation morphogenetic protein B4U62_RS15025 819.61 12026 B4U62_RS15025 908.53 18522 yabD B4U62_RS00255 32.35 435

NAD biosynthesis quinolinate synthetase B4U62_RS15030 802.91 11204 B4U62_RS15030 614.44 11913 yabE B4U62_RS00260 357.92 8237

NAD biosynthesis
nicotinate-nucleotide
diphosphorylase
(carboxylating)

B4U62_RS15035 369.12 4048 B4U62_RS15035 344.42 5248 rnmV B4U62_RS00265 51 501

NAD biosynthesis L-aspartate oxidase B4U62_RS15040 434.13 8734 B4U62_RS15040 510 14256 ksgA B4U62_RS00270 105.69 1627

NAD biosynthesis cysteine desulfurase B4U62_RS15045 398.32 5965 B4U62_RS15045 352.77 7340 yabG B4U62_RS00275 1.58 24

NAD biosynthesis
transcriptional
repressor

B4U62_RS15050 756.35 5177 B4U62_RS15050 572.75 5447 veg B4U62_RS00280 2110.34 9647

TCA cycle
succinate
dehydrogenase
(flavoprotein subunit)

B4U62_RS15340 599.96 13318 B4U62_RS15340 486.21 14996 sspF B4U62_RS00285 12.29 40

biosynthesis of lysine
aspartokinase II (alpha
and beta subunits)

B4U62_RS15355 416.5 6442 B4U62_RS15355 336.62 7234 ipk B4U62_RS00290 90.84 1384

unknown unknown B4U62_RS16225 467.24 4488 B4U62_RS16225 382.07 5099 purR B4U62_RS00295 225.33 3386

biosynthesis of biotin
cytochrome P450
enzyme

B4U62_RS16230 304.17 4555 B4U62_RS16230 270.44 5627 yabJ B4U62_RS00300 439.55 2910

biosynthesis of biotin biotin synthase B4U62_RS16235 1,016.58 12917 B4U62_RS16235 762.52 13462 spoVG B4U62_RS00305 2072.91 10674

biosynthesis of biotin dethiobiotin synthase B4U62_RS16240 966.79 8482 B4U62_RS16240 915.91 11165 glmU B4U62_RS00310 285.57 6857

purine salvage and
interconversion

GMP reductase B4U62_RS17355 101.41 1254 B4U62_RS17355 70.14 1205 prs B4U62_RS00315 300.81 5026

regulation of purine
utilization

transcriptional
regulator of puc genes
(PucR family)

B4U62_RS17500 192.36 3870 B4U62_RS17500 16.86 471 ctc B4U62_RS00320 699.35 7533

purine utilization uric acid permease B4U62_RS17505 113.59 1933 B4U62_RS17505 10.37 245 pth B4U62_RS00325 94.26 936

purine utilization uric acid permease B4U62_RS17510 107.74 1756 B4U62_RS17510 8.58 194 yabK B4U62_RS00330 78.36 317

purine utilization uricase B4U62_RS17515 150.43 2816 B4U62_RS17515 8.58 223 mfd B4U62_RS00335 101.03 6253

purine utilization uricase B4U62_RS17520 188.32 819 B4U62_RS17520 11.43 69 spoVT B4U62_RS00340 74.01 696

uptake of lysine
putative lysine
transporter

B4U62_RS18005 155.12 2757 B4U62_RS18005 120.23 2969 yabM B4U62_RS00345 15.69 439

biofilm formation unknown B4U62_RS18465 120.51 1472 B4U62_RS18465 64.65 1097 yabN B4U62_RS00350 132.03 3399

biofilm formation
glycosyltransferase,
inhibitor of motility

B4U62_RS18515 126.15 1331 B4U62_RS18515 89.3 1309 yabO B4U62_RS00355 134.33 614

biofilm formation unknown B4U62_RS18520 160.05 2312 B4U62_RS18520 103.84 2084 yabP B4U62_RS00360 130.41 692

biofilm formation unknown B4U62_RS18525 110.41 2501 B4U62_RS18525 65.33 2056 yabQ B4U62_RS00365 139.79 1557

biofilm formation protein tyrosine kinase B4U62_RS18530 161.45 1392 B4U62_RS18530 102.51 1228 divIC B4U62_RS00370 292.74 1938

biofilm formation unknown B4U62_RS18535 123.55 1098 B4U62_RS18535 77.27 954 yabR B4U62_RS00375 849.5 5758

ammonium uptake ammonium transporter B4U62_RS19670 631.38 9670 B4U62_RS19670 9.97 212 spoIIE B4U62_RS00390 14.61 635

regulation of the
glsA-glnT operon

two-component sensor
kinase

B4U62_RS19675 1,093.91 4840 B4U62_RS19675 30.92 190 yabS B4U62_RS00395 16.49 213

utilization of urea as
alternative nitrogen
source

urease (alpha subunit) B4U62_RS19735 545.29 11754 B4U62_RS19735 114.63 3433 yabT B4U62_RS00400 8.04 143

utilization of urea as
alternative nitrogen
source

urease (beta subunit) B4U62_RS19740 235.88 1115 B4U62_RS19740 56.95 374 tilS B4U62_RS00405 174.43 4335

utilization of urea as
alternative nitrogen
source

urease (gamma
subunit)

B4U62_RS19745 204.06 818 B4U62_RS19745 35.02 195 hprT B4U62_RS00410 217.45 2068

B4U62_RS19755 121.38 280 B4U62_RS19755 2.19 7 ftsH B4U62_RS00415 1222.42 40979
pyrimidine
biosynthesis

CTP synthase (NH3,
glutamine)

B4U62_RS20010 207.11 4198 B4U62_RS20010 230.63 6495 coaX B4U62_RS00420 50.64 689

purine biosynthesis
adenylosuccinate
synthetase

B4U62_RS21745 991.24 16156 B4U62_RS21745 1006.75 22799 hslO B4U62_RS00425 114.13 1751



07/31/2017 

Tomoya designed the primers for the next qPCR 

 

08/04/2017 

The primer has arrived. Kyosuke tested the primers efficiency by using Ex-Taq. 

 

08/06/2017 

Kyosuke, Tomoya 

・qPCR 

Kyosuke and Tomoya carried out qPCR. The expression pattern of 7 genes were analyzed 

between when added water and theanine.  

 

 

08/10/2017 

Kyosuke designed the primers for PCR. 

 

08/10/2017 

The primers arrived. The primers’ function was proofed by using KOD Plus Neo. 

 

08/17/2017 

Kyosuke  

・PCR 

We tried to amplify the DNA fragments of nasA, amtB, yrbD of B.subtilis 168 by 2 steps 

PCR and 3 steps PCR. But some of them were not amplified. :( 
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08/06/2017 qPCR

water theanine



 

 

08/18/2017 

Kyosuke, Saki, Tomoya 

・PCR 

We tried PCR using different protocols (lowering annealing temperature, changing 

extension time etc.) However, some fragments were still not amplified. :’-( 

 

08/19/2017 

Kyosuke, Saki 

・PCR 

purified the PCR product using PCR purification Kit. 

 

08/21/2017 

Kyosuke, Saki 

・PCR 

 amplified the B fragments of nasA gene by 3 steps PCR 



 

 

・Gibson Assembly  

We now prepared all necessary DNA fragments for assembly at last. We used Gibson 

Assembly method to join the 4 fragments (siteA+lacZ+cat+siteB). But there were too 

many non-specific bands. We don’t know why. 

 

 

 

08/22/2017 

Kyosuke 



Repeated the Gibson assembly procedures and tried to get nasA fragments. But it didn’t 

work.  

 

08/23/2017 

Kyosuke 

・PCR 

Kyosuke amplified more lacZ fragments by PCR (for stock). The LacZ fragments were 

purified.  

・Recombinant PCR 

Since Gibson Assembly didn’t seem working effectively, we tried recombinant PCR 

method to amplify the composite the  fragment of nasA 

 

08/24/2017 

Kyosuke  

・Recombinant PCR check 

 Kyosuke run the recombinant PCR products on a gel to identified the bands of interest. 

But the desired bands didn’t show up. 

 

 

・Primer design 

From the PCR results above, it is obvious that there is something wrong with the primers. 

Taking a close look at the design, Kyosuke found the palindromic sequences in some of 



the primers. This may be the cause of the PCR problems we had recently. Kyosuke 

redesigned the 4 primers. 

 

08/28/2017 

Kyosuke, Saki 

・New primers arrived 

・InterLab Study Day1 

Transformed the plasmids into E.coli DH-alpha. 

 

08/29/2017 

Kyosuke 

・PCR 

 

08/30/2017 

Kyosuke,Saki 

・PCR 

obtained amtB fragments by Gibson assembly.  

 

08/31/2017 

・InterLab Study 

Transformed the 6 plasmids( Test device 1, 2, 3, 4, 5, 6) into E.coli DH5-α.The colonies 

of Test Deice 2,3,5,6 were obtained, but the others didn’t form colonies at all.  

・Gibson Assembly and PCR 

amplified the DNA fragments for transformation.  



 

09/01/2017 

・Transformation of B.subtilis 168 

Transformed the DNA fragments (nasA, amtB, yrbD) respectively into B.subtilis 168. 

But we got no colonies!!!!!!!!! Failed:( 

 

09/02/2017 

・PCR 

Amplified the fragment nasA, amtB, yrbD respectively by PCR. 

 

09/03/2017 

・transformation of B.subtilis 168 

Transformed the fragment nasA, amtB, yrbD respectively into B.subtilis 168. (See the 

Protocols Page) But it faild. 

 

09/04/2017 

・transformation of B.subtilis 168 

Transformed the fragment nasA, amtB, yrbD respectively into B.subtilis 168. (See the 

Protocols Page)  This time, only the fragment amtB were successfully transformed :) 

 

.09/05/2017 

Single colony isolation of amtB. 



 

09/07/2017 

・PCR 

Amplified the fragment nasA, yrbD respectively by PCR. 

 

09/08/2017 

・transformation of B.subtilis 168 

Transformed the fragment nasA, yrbD respectively into B.subtilis 168. (See the Protocols 

Page) 

・InterLab Study (Test the competent cells) 

Tested the transformation efficiency of our DH5-αcompetent cells using Cell Test Kit.  

Transformation efficiency was 6.6×107.   

 

09/09/2017 

・transformation of B.subtilis 168 

Transformed the fragment nasA, yrbD respectively into B.subtilis 168.  

・PCR 

Amplified the fragment nasA, yrbD respectively by PCR. 

 

 

09/10/2017 

・transformation of B.subtilis 168 

Transformed the fragment nasA, yrbD respectively into B.subtilis 168. (See the Protocols 

Page) 

・PCR 

Amplified the fragment nasA, yrbD respectively by PCR. 

 

09/11/2017 

Kyosuke, Tomoya 

・genome extraction 

We extracted the genome DNA of B.subtilis 168 and transformed B.subtilis (amtB)  

Carried out the PCR to check the inserted genes, but the length of the bands were too 

short for the desired one. It turned out that we missed the transformation. 

 

09/12/2017 

Kyosuke, Saki 



・transformation of B.subtilis 168 

Ph.D.Tanaka transformed the fragment nasA, amtB, yrbD respectively into B.subtilis 

168. (See the Protocols Page) Next day, we found a new colonies on plates. (nasA and 

amtB)  

 

09/13/2017 

Kyosuke, Tomoya  

・recombinant PCR 

Recombinant PCR was carried out to construct the sequence of fragment nasA, amtB, 

and yrbD.  

・Single colony isolation 

recombinant B.subtilis 168 (nasA,amtB) formed a few colonies. Streak the bacteria for 

single isolated colonies. 

・Interlab Study Day1 

Transformed the plasmids into E.coli DH5-alpha competent cells according to the iGEM 

protocols.  

 

09/14/2017 

Kyosuke, Tomoya 

・insert check 

extracted the genome DNA of the recombinant B.subtilis 168 (nasA, amtB) Amplified the 

insert sequence by PCR..(But there was mutations in the sequence)  



       

 

・Inter lab Study Day2 

Kyosuke and Tomoya picked up the colonies .Picking colonies is fun. 

 

09/15/2017 

Kyosuke, Tomoya, Momoko, Saki 

・Inter lab Study Day3 

Tomoya, Kyosuke, Saki, Momoko had fun in GFP measurement. . 

・DNA Sequencing  

prepared the nasA PCR product for DNA sequencing and sent it to GENEWIZ in Saitama 

prefecture  

・genome extraction 

extracted the genome DNA of the recombinant B.subtilis 168 (yrbD) 

・X-gal plate 



prepared the X-gal plates (final concentration 0.016%) and streaked the recombinant 

B.subtilis NCIB 3610  (BBa_K2233000, BBa_K2233002). 

 

09/16/2017 

Kyosuke, Tomoya 

After 13 hours of incubation at 37℃, we found blue spots（Beta-galactosidase 

activity）on (BBa_K2233002) both X-gal plates containing theanine and water.  

 

We guessed that the number of bacteria is too small to express enough amount of beta-

galactosidase.  

We added double amount of X-gal (final concentration 0.032%) in each agar culture, and 

culture the cells again. However, it didn’t help unfortunately  

 



09/18/2017 

Kyosuke, Tomoya 

Sequencing Analyze 

The DNA sequencing data arrived. Kyosuke analyzed the data and confirmed that the 

nasA sequence was correct. Transformation of B.subtilis strain 168 was success! 

 

09/19/2017 

Kyosuke, Tomoya 

・DNA Sequencing preparation 

Kyosuke prepared the nasA, amtB, yrbD PCR product for DNA sequencing and sent it 

to GENEWIZ.  

 

1. Carried out the PCR in 20 µl mixture reaction. 

2. Add 2 µl 10x ExoⅠbuffer , 0.2 µl SPA , and 0.2 µl ExoⅠto each PCR tube 

3. Incubate at 37℃60 min , followed by the next incubation at 60℃10 min 

4. Add primers for Sequence to each template 

 

・X-gal plate (+Trp 0.005%) 

Prepare the minimum media in plates 

Streak the transformed B.subtilis strain 168 on each plates and spotted 5 µl of L-

theanine solution (187 mM) 

 

09/20/2017 

・transformation of B.subtilis NCIB 3610 

 transformed the B.subtilis NCIB 3610 with nasA, amtB, yrbD fragments. 

 

09/21/2017 

Kyosuke, Tomoya 

・Single Colony isolation 

 obtained nasA, amtB, yrbD colonies.   

 

・X-gal plate 

Spread the recombinant strain 168 with Trp+(0.005%) plates water  

 

09/22/217 

Kyosuke, Tomoya, Momoko 



・Genome Extraction 

Extracted the Genomic DNA of the recombinant B.subtilis NCIB 3610. Verified the 

length of the inserted parts below.  

 

 

・PCR 

amplified the pSB1C3 with overlap sequence for assembly. 

・Gibson Assembly  

BBa_K2233000 was ligated into pSB1C3. 

・Cloning 

Transformed the E.coli DH5-alpha with pSB1C3 (BBa_K2233000). Cultivated the cells 

overnight at 37℃ and 180 rpm in LB media with chloramphenicol). 

 

09/23/2017 

Kyosuke, Tomoya 

・colony PCR 

Checked the insertion of BBa_K2233000 into pSB1C3.  



 

 

09/252017 

Kyosuke, Tomoya 

・Beta-galactosidase assay Day1 

 

09/26/2017 

Kyosuke, Tomoya 

・Beta-galactosidase assay Day2 sampling 



 

 

09/27/2017 

Kyosuke, Tomoya 

・Miniprep 

Purified the pSB1C3 (BBa_K2233000). 
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09/28/2017 

Kyosuke, Tomoya 

・Beta-galactosidase assay Day2 sampling 



 

・PCR 

 

09/29/2017 

Kyosuke, Momoko, Saki 

・Beta-galactosidase assay Day3 measurement 

Couldn’t obtained the enough amount of protein for assay. Failed:( 

 

・PCR 

Amplified the recombination site B for amtB and recombination site A for yrbD fragment 

by PCR with overhang sequence for assembly.  

 

09/30/2017 

Kyosuke, Tomoya, Saki 

・Beta-galactosidase assay measurement 

・Cloning 

Transformed the pSB1C3 (BBa_2233001,BBa_2233002) into E.coli DH5-alpha. 
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After 24h and 48h incubation  

We dropped 2 µl of L-theanine solution (187 mM) at the black spot on each plates. We 

could not verify the induction of nasA, amtB, yrbD by L-theanine. Looks like the 

expression level of Beta-galactosidase depends on the number of cells.  

We talked about this problem to our PI, and we were advised to use soft agar method.  

 

10/01/2017 

Saki, Tomoya, Kyosuke 

・colony PCR 

Checked the presence of insert (BBa_2233001) in pSB1C3 

  

・Beta-galactosidase assay Day 2 sampling  

The bacteria stopped the growth in the middle of incubation.Failed! 

 

10/03/2017 

Kyosuke 

・Miniprep 



 

10/06/2017 

Kyosuke, Tomoya 

・Beta-galactosidase assay Day2 sampling 

 

 

10/07/2017 

Kyosuke, Tomoya 

・Beta-galactosidase assay Day3 measurement 

Enzyme activity=Changes in o-nitrophenol concnetraion/ bacterial density (OD600)/ 

reaction volume (ml) / reaction time( min) 

 

0.01

0.1

1

0 50 100 150 200 250 300 350 400 450

O
D

6
0
0

time (min)

20171006 growth curve

nas water nas theanine amt water

amt theanine yrb water yrb theanine



 

Expression level of nasA, amtB, and yrbD didn’t change drastically between theanine-

added bacteria and water-added bacteria.  

 

10/08/2017 

Kyosuke, Tomoya 

・Beta-galactosidase assay Day3 measurement  

Enzyme activity is calculated by the following formula. 

Enzyme activity=Changes in o-nitrophenol concnetraion/ bacterial dencity (OD600)/ 

reaction volume (ml) / reaction time (min) 
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The data may not be valid due to the shortage of extracted enzyme protein. However, 

from this data, we concluded that nasA couldn’t be expected as a good sensor gene.   

nasA was eliminated from the list of possible theanine inducible genes. 

Anyway, we have to carry out the repeats of this experiment. 

 

10/09/2017 

Kyosuke, Tomoya 

・Beta-galactosidase assay Day2 sampling 

 

 

10/10/2017 

Kyosuke, Tomoya 

・Beta-galactosidase assay DAY3 measurement 

Enzyme activity is calculated by the following formula. 

Enzyme activity=Changes in o-nitrophenol concnetraion (µM)/ bacterial density (OD600)/ 

reaction volume (ml) / reaction time (min) 
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The figures above shows the expression level of amtB and yrbD at different time points. 

Although all the bacterial growth curve followed the similar time course, the expression 

level of these genes increased over time exclusively when L-theanine was given. 

 

10/12/2017 

Tomoya, Saki, Kyosuke 

・X-gal plate 

500 µl of cells (OD 0.7) were inoculated into 10 ml of 0.6% agar solution, and spread onto 

X-gal plates (0.016%, 0.008%, 0.004%). X-gal plates were made according to the same 

protocol as before. At last, filter paper was put at the top of the culture, where 5 µl of 
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nitrogen source was spotted. 

 

10/13/2017 

Kyosuke, Tomoya 

・Beta-galactosidase assay DAY1 

 

10/14/2017 

Kyosuke, Tomoya, Saki 

Meeting  

 

10/15/2017 

Kyosuke. Tomoya, Saki 

・Beta-galactosidase assay DAY2 

From today, we are going to monitor yrbD expression only. 3 L-theanine(18.7mM), 

Glutamate(1.1mM) , L-theanine(18.7mM)+ glutamate(1.1mM) , water） 

 

 

・Beta-galactosidase assay DAY3 measurement 
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This data contradicts the previous one. Basal expression of yrbD is too high compared to 

the expression of 4 hours after the addition of theanine. 

   

As we have predicted, the expression of yrbD seems to be repressed by glutamate. This 

is unfavorable when using the sensor in green tea because green tea contains glutamate 

(about 1.1 mM) and this may inhibit the function of yrbD.    

This data may be invalid due to the low concentration of extracted total protein.  

 

10/20/2017 

・Beta-galactosidase assay DAY2 sampling 

Kyosuke, Tomoya 
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10/21/2017 

Kyosuke, Saki, Tomoya 

・Beta-galactosidase assay DAY3 measurement  

 

The overall enzyme activity was high compared to the previous experiments result on 
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10/27/2017.  

Beta-galactosidase Day2, Day3 

Kyosuke, Tomoya, Saki, Momoko 

Last experiment. we decided to use recombinant B.subtilis strain 168 instead of strain 

NCIB 3610.  Strain NCIB 3610 is enveloped by hard materials, which makes it 

difficult to collect Beta-galactosidase from inside the cells. 
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