
GFP

Target cell (RK13)

nucleus

pBAC
SPI2

pSB1T3

E. coli

T3S signal

NLS x3
GFP

Arabinose

promoter
RBS T3S signal NLS x3 GFP

Double

terminator RFP reporter

T3S signal

NLS x3

GFP
T3 Ssignal

NLS x3

Arabinose

Students: Laurynas Vanagas, Shun -ichi Makino, Kazuki Takahashi, Sho Niinuma, Yuichi Matsumoto, Takanori Kamagata, Ritei Takahashi  Instructor: Ken-ichi Yamazaki

Dr. E. coli :

5. Discussion

6. References

2. Modeling

4. Result0. Abstract
Our project is on Type III Secretion System (T3SS), which is one of the most amazing

biological devices. Using this system pathogenic gram -negative bacterium, such as Salmonella
andYersinia , can inject whole protein molecules into the target eukaryotic cells through a

syringe like organelle named Type III Secretion Apparatus . In this project, we made this device

available for E. coli and also demonstrated that injected protein is functional in the target cell

using GFP. This work provides a new protein injection system for iGEM!
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We observed the cells under Confocal Laser Scannning

Microscope(OLYMPUS FV-1000D) with blue(473 nm) or

green(559 nm) excitation lights at 7.5 hrs after first

exposure. When arabinose was added to medium, E.coli
expresses GFP beside constitutively expressed RFP, so [A-

4] E. coli cells are indicated by yellow color, and GFP

injected into ekaryotic cells are indicated by green color.

Compairing [A-1] and [A-4] you can find that GFP is

located in the cytosol of RK13. In contrast in [B-4] and [C-

4] you cannot find GFP in the cytosol.

Fig . 5

N-terminus 191 a.a. polypeptide

functions as a T3 secretion signal

domain in Salmonella [6].

Triplicated NLS (Nuclear

Localization Signal) repeats

fused between the T3 secretion

signal and GFP is recognized

by inportins , and then injected

GFP is localized inside of the

nucleus in the target cell.

The reporter gene produces

RFP as an internal control

that cannot be injected into

target cells.

RFP also play a role to

distinguish GFP located in

eukaryotic cells from GFP

remaining in E. coli cells by

indicating it as yellow color.

This plasmid encodes a part of

genome fragment of Salmonella
enterica serovar Typhimurium

LT 2, which covers the SPI-2

region and expresses it .

Expression of this [T3 signal -

NLS - GFP] fusion protein is under

control of inducible arabinose

promoter . In the bacterial cytosol,

its T3 secretion signal is

recognized by secretion apparatus,

then translocated (injected) into a

target eucaryotic cell.

a c

b

1. Introduction
Fig . 1

Type III Secretion Apparatus can be visible under electron

microscope[2]. Its length is about 80 nm and the diameter of its needle

channel is about 2 nm [3]. The length is about 1/10 and the diameter is

about 1/400 of an E. coli cellõsminor axis. Thus this is the smallest

injector in the world .

Fig . 2

When the needle tip attaches to the Target cell membrane, a

translocator complex is assembled on the Target cell membrane . On

the other hand, an effector protein which has a unique T3SS

secretion signal domain on its N-terminal is recognized by the

specific chaperone, and forms effector-chaperone complex. This

complex is recognized by the T3-secretion-associated ATPase located

at the base of the needle complex (i). Then, the ATPase stripes the

chaperone from the complex and unfolds the effector protein to pass

through the channel of the needle complex (ii) . Finally, the

translocated effector is refolded within the Target cell to carry out

their function (iii) [2].

Fig. 6

A

[SPI -2/ T3signal -GFP/ RFP]  0.4% arabinose (+)

!Ω

B C

[SPI -2/ T3signal -GFP/ RFP]

arabinose (-)

[SPI -2 only]

Green Red MergedPhase contrast

(+)RFP

(+)GFP
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(A, B, C)

Another view shown in Fig . 5 [A-4],

[B-4], [C-4] respectively .

(Aõ)

Yellow pixel associated with E. coli
cells are removed from (A) to

identify GFP injected into target

eukaryotic cells.

It has been previously reported that T3SS encoded in Salmonella Pathogenesity Island

2(SPI-2) is functional in vitro on the E. coli (K-12) strain in 2007 [9]. The T3SS encoded in

SPI-2 is known to be functional inside the phagosome of the target cell [8]. However, there

was no reports if the SPI-2 T3SS cloned in E. coli can inject a heterologous protein into the

target cell. In this study, we suggest that SPI-2 encoded T3SS expressed in E. coli can play

a role to inject a heterologous protein (GFP) into target cell in vitro and injected GFP was

functional in the target cell.

NEW Protein injection system is now available for iGEM!

GFP translocated into the target cell 4 hrs after exposure (data not shown), however, it

didnõtshow localization in nucleus even 7.5 hrs after exposure. These observations

suggested that NLS domain did not function correctly in our GFP fusion construct .

However, we believe that it is valuable to develop a system that can modulate cellsõ

behavior transiently by injecting a desired òproteinódirectly into cells using a non-

pathogenic strain . This system can be applied for many purposes in the future . For example,

-Inject p53 to terminate division of cancer cells selectively.

-Inject Yamanaka factors to induce iPS cells.

However, the detail mechanism of protein unfolding by T3SS still remain unknown . To

complete this application as expected, further study will be required .

3. Method 

LB overnight culture

E.coli -K12

[SPI -2/ T3 Signal -GFP, RFP]

MgM (pH7.2 ) + L -arabinose

4 hrs.

MgM (pH5.0 ) + L -arabinose

4 hrs.

Wash 3 times

Exposure to RK13 cells in RPMI 

(pH 5.0 ) 

pH 5.0

Bacterial cytosol

effector

Target cell cytosol pH 7.2

Regulatory 

complex

Target cell membrane

Inner membrane

Outer membrane

Translocator complex

pH 5.0

pH 7.2

effector

Bacterial cytosol

Target cell cytosol

Target cell membrane

Inner membrane

Outer membrane

( i ) ( ii ) ( iii ) ( iv )

Under the acidic pH condition after the neutral pH, T3 apparatus should be assembled (i) however, only the

translocator proteins are secreted through T3SS and effector proteins are not, because the regulatory complex blocks the

effectors at the base of the needle (ii) . However once the translocator complex assembled a pore on the Target cell

membrane the T3SS can sense the neutral pH condition of the cytosol (iii) and this pH elevation removes the regulatory

complex from the base of the needle (iv) to start secretion of effectors. After exposure the cells were incubated at 37C in

5.0% CO2. At the same time E.coli [SPI -2/ T3 Signal -GFP, RFP] and E. coli [SPI -2 only] cultured in the absence of

arabinose were prepared as controls .

Fig. 3

Fig. 4 

( i )

( ii )

( iii )

We transferred E. coli [SPI -2/ T3 Signal -GFP, RFP] overnight LB culture to the

neutral pH Mg2+minimal medium (MgM pH= 7.2) and cultured for 4 hrs with arabinose

to accumulate sufficient amount of GFP fusion protein (i). Then the bacteria were

transferred to acidic pH Mg2+ minimal medium (MgM pH= 5.0) and cultured for 4 hrs

with arabinose to assemble T3 secretion apparatus [7] (ii) . After that, bacteria were

washed three times to remove contaminants that may detrimental for eukaryotic cell

(iii) . Since T3SS encoded in SPI-2 is known to be function inside of the phagosome of

the target cell [8], the bacteria were exposed to the cells (RK13) under acidic pH

condition (pH= 5.0), which is considered to be similar to the environment inside of the
phagosome.
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rings
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X. PCR based protocol
Premise

Sometimes standard protocol fails to produce plasmid, or

BioBrick is toxic to host cell and can't be amplified . In times

like these, PCR is useful . Some of the PCR enzymes in the

market are reliable enough that amplified BioBricks can be

used for assembly. In fact during summer, most of our

BioBrick amplifications were done by PCR.

Problem

Most of our team had only limited experience at the bench.

And had never done any DNA amplification . Saying that PCR

seemed the easiest way to amplify BioBricks . So we decided to

amplify BioBricks by PCR whenever possible.

As we started assembling BioBricks, we continuously failed

to produce even most basic 2 BioBrick construct . Even worse,

we didnõtknow what specifically had failed . Restriction

enzyme digestion and ligation were the suspects. But in the

assembly process there was hardly anyway to know if each

step was a successuntil transformation results came in .

Solution

So we looked at basic BioBrick assembly, how it dealt with

these problems. And there was it, when two enzyme digestion

was performed on plasmid, two distinct bands were visible

before gel extraction . At this point, it was obvious whether

digestion was a success. So we came with idea of artificially

producing bands which will imply whether digestion was a

success.

We designed primer set which anneals to sites 100 bp

upstream and 200 bp down stream from the BioBrick . Sites

are in plasmid regions which are flanking the BioBrick (Fig . 7).

Fig. 7 BioBrick and Primer set annealing to vector

We called them Digestion Visualization primers (DV

primers) . The fact that all 10 current high copy number

assembly vectors share the same sequence in the BioBrick

flanking regions makes this primer set even more

valuable .

Discussion

Our primer set is aiming to make BioBrick assembly

more reliable . And with registries requirements to submit

parts in pSB1C3 the parts which could be amplified with

this set is thought to increase dramatically in the future .

Our SlrP tag part was produced using colony PCR.

There are even more reliable High Fidelity PCR enzymes

which not only can be used for amplification from clean

template but also produce high quality product from a

colony PCR. Making it possible to join 2 BioBricks a day.

DV primers in action

In Fig .8 Left lane BBa_I 732110 which

size is 1086 bp amplified by DV primers

and cut at EcoR1 and Pst1 sites. You can

see two distinct bands 180 bp and 79 bp

in length below the top fragment which

indicate how good was digestion . Right

lane is negative control, the same

BioBrick PCRed with DV primers but

not digested.

P SBioBrick

100 bp up Primer

200 bp down Primer

Fig. 8 Digestion Visualize

E. coli (K-12) strain carrying this BAC vector is distributed from

Salmonella Genetic Stock Center (SGSC) in University of Calgary, Canada. 

http://people.ucalgary.ca/~kesander/index.html

ÅSGSC number: [SGSC4024 ]

ÅCloned region on the genome of Salmonella enterica serovar Typhimurium LT2: [1464540HZ1562427]

The existence of SPI-2 region was
confirmed by PCR analysis using a primer
set which targets a 481 bp region inside of
SPI-2. [M : ȊHin d III marker, C: negative
control colony of E. coli (DH 5Ȁ), S: sample
colony of E. coli send from SGSC].

About pBAC SPI-2

(i ) (ii) (iii)

S. enterica serovar Typhimurium SPI-2 region. A map of the S. enterica serovar Typhimurium SPI-2 region is depicted [9].
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