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A novel pgological containment system using synthetic auxotrophy for an unnatural
amino aci
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We have developed a method to construct "an organism that cannot survive without
an unnatural amino acid which has never been found in the natural environment™, in order to prevent
uncontrolled proliferation and colonization of "useful, but dangerous organisms™ such _as genetically
modified organisms, pathogens and harmful invasive species. An E. coli strain that maintains this system
can survive only in the presence of the unnatural amino acid in the laboratories and factories. Whereas,
this strain dies in the natural environment because the unnatural amino acid does not exist there.



@

BL21-Al
@

Sakamoto et al, 2009

®
EGFP

RNA ColE3

*

€y

- - (1Y)
tRNA tRNA

tRNA

<1%

(aminoacyl-tRNA synthetase) ‘
[| N % % "o O
4 g B

AUC AUC

‘
Ho_ 0 AUC
o R T IR
'
MJR1 Translation
(amber suppressor tRNA) T
L

odo- T o

i,




Fluorescence (a.u.)

0

I P<0.01
> 1600} T p<o.01 | -
£ P<0.01
‘ﬁ
o 1200 | -
3
< 800}
s ns (P>0.1)
[$]
5 ns (P>0.1)
Qg 400f I ns (P>0.1) 1
g N
- [1 1 [
CompleteAMJR,I AEGFP ,rcEpP
set +Lux
1.0 | g
2 o8}
8 e L
[T T l T
E 0.25}
L 0.20
.g 0.15+
5 0.10}
O
© 0.05} ﬁ ﬂ ﬂ
0.00 [l
Y + - = = - - -
IYRS TR TR LA LA TR TR
MJRA1 LP LP LP LP T7 T7
EGFP LP LA LP BL LP BL

12000

8000 |-

4000

IR

ON OFF

Ratio

| 0.00

L ’l‘ FOFFIFON

|

]

o 1

2

3 o 1 2 3 0

Number of inserted amber codons

|;_|
3

1

1.0 F— 1.0 F—
£ 08f £ 08}
LL° = P I.I.° L
Tz0.20f e
lg 0.15 |,|_"E 0.04
2 010} 2
S 0.05| g 0.2 ﬂ
x 14
0.00 r"'-| = - D
2|1 1 0 0 11 0 0
alYRs | 1 1.0 11 1 1
SMRT 1 1 11 10 1 0
tRNA
ol 1amb-colE3e
n LacZa
o 4l
c
o H (] (alfa] H
Fe) = -
o 0
‘e 2| 2amb-colE3e I
£
g LacZa f
il
=
c
o 0
>
% »| 3amb-colE3e I
E 1-LacZu H H ﬂ
o
TC 1711000000
Y 17171101010
IYRS 11111 0°0*1 1
MJR1 1111111 0*0*

&)




RNA
E3
E3 BL21-Al
E3

BL21-Al(lY,1amb-immE3)

/ Iv-tRNA _ Amber

Toxin  Antidote aynihetase SUPpressor

A o B )

anES Ta-immE3 IYR
:1amh mmEJ)

pMB1 replicon

Y
{Unnatural
mino acid

Y BL21-Al(lY,
la-immE3)

0.9

1.4 x 10®° mutations/cell/generation
71

Normarized number
of viable bacteria

Time (h)

Sakamoto K, Murayama K, Oki K, lraha F,
Kato-Murayama M, Teakahashi M, Ohtake K,
Kobayashi T, Kuramitsu S, Shirouzu M,
Yokoyama S. Structure 17, 2009, 335-344
DOI: 10.1016/j.str.2009.01.008

5
Minaba M, Kato Y. High-yidd,
zero-leakage expression system with a
trandlational switch using site-specific
unnatural amino acid incorporation. Applied
and Environmental Microbiology 80, 2014,
1718-1725 DOI: 10.1128/AEM.03417-13



Kato Y. Tunable translational control using
site-specific  unnatural  amino  acid
incorporation in Escherichia coli. Peerd 3,
2015, €904 DOI: 10.7717/peerj.904

Kato Y. An engineered bacterium
auxotrophic for an unnatural amino acid: a
novel biological containment system. PeerJ
3, 2015, €1247 DOI: 10.7717/peerj.1247

Kato Y. Tunable translational control using
site-specific  unnatural  amino  acid
incorporation in Escherichia coli. Peerd
PrePrints 3, 2015, €1056 DOl:
10.7287/peerj.preprints.855v1

Kato Y. An engineered bacterium
auxotrophic for an unnatural amino acid: a
novel biological containment system. PeerJ
PrePrint 3, 2015, €1232 DOl:
10.7287/peerj.preprints.1001v1

9

Minaba M, Kato Y. Translational switch by
site-specific  unnatural  amino  acid
incorporation. The 65" Fujihara Seminar:
International Symposium on Synthetic
Biology of Unnatural Base Pairs and Amino
Acids (Tomakomai, Hokkaido, Japan), 1-4
October, 2013

6.0 2013
11 14 15

2014 2014
3 27 30

Kato Y. HYZEL: A high-yield zero-leakage
expression system in Escherichia coli. 6"
Annua Protein & Antibody Engineering
Summit Europe (Lisbon, Portugal), 3-7
November, 2014 (invited)

Kato Y. High-yield, zero-leakage expression
system in Escherichia coli. 6" Annual
Protein & Antibody Engineering Summit
Europe (Lisbon, Portugal), 3-7 November,
2014

2015 2015
3 26 29

Kato Y. Trandational control using
site-specific  unnatural amino  acid
incorporation. VI International Conference
on Environmental, Industrial and Applied
Microbiology (Barcelona, Spain), 28-30
October, 2015

Kato Y. Micraobes auxotrophic for unnatural
amino acids: a novel biological containment
system. VI International Conference on
Environmental, Industrial and Applied
Microbiology (Barcelona, Spain), 28-30
October, 2015

2016
20106 3 27 30

1

2014 448

KATO, Yusuke



