
—  1 — 

Synchronized cycles of bacterial lysis for in vivo delivery

M. Omar Din1*, Tal Danino2†*, Arthur Prindle1, Matt Skalak2, Jangir Selimkhanov1, Kaitlin Allen2, 
Ellixis Julio1, Eta Atolia2,
Lev S. Tsimring3, Sangeeta N. Bhatia2,4,5,6,7,8§ & Jeff Hasty1,3,9§

July 2016

UCSD: Department of Bioengineering, University of California, San Diego, La Jolla, California 92093, USA

MIT: Institute for Medical Engineering & Science, Massachusetts Institute of Technology, Cambridge,
Massachusetts 02139, USA



—  2 — 

Sangeeta Bhatia-MIT
Jeff Hasty-UCSD



—  3 — 

化疗不能精确作用于实体瘤，容易“误伤”周围组组织与细胞，表现为疗效不显著和副作用明显；

如何打入实体肿瘤的内部？

研究者们尝试让细菌携带治疗实体瘤的药物到达
病灶环境，进行精确、有效地杀伤肿瘤细胞，然
而：细菌增殖较快，数量呈现指数增长，其后果
是杀伤力太强，人体承受不住。

在不断的进化过程中，有些细
菌获得了优先在实体瘤病灶环
境中生长的特性；

背景

如何解决病灶环境中携带治疗药物的细菌数量过多的问题？
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群体感应（Quorum Sensing）：一些细菌之间存在信息交流，合成并释放一种被称为自诱导
物质(autoinducer, AI) 的信号分子，胞外的AI浓度能随细菌密度的增加而增加，达到一个临界
浓度时，AI能启动菌体中相关基因的表达，调控细菌的生物行为。

AI

AHL (高丝氨酸内酯)

Homoserine Lactone
G-

G+

G+
G-

AIP(寡肽类分子)

autoinducter peptide

AI-2

扩大地盘！

背景

AI can diffuse to neighbouring cells and thus provides an intercellular 
synchronization mechanism
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沙门氏菌具有复杂的抗原结构，约

有1000多种。一般沙门氏菌具有菌

体(O)抗原、鞭毛(H)抗原和表面抗原

(荚膜或包膜抗原)三种抗原。

感染沙门氏菌的人或带菌者的粪便污染食品，可使人发生食物中毒。

沙门氏菌(Salmonella  sp.)

背景
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构建了三种Salmonella  sp.工程菌，分别表达三种抗癌药物。

当前研究

ü 解决了药物精确定位于肿瘤细胞的问题

ü 解决了杀伤力太强的问题。

利用细菌的群体感应现象，在Salmonella  sp.工程菌中装上
可以产生AHL的表达系统，然后再安装一个受AHL浓度控制
的自杀系统。

结果：肿瘤组织明显缩小，延长50%的寿命。（肿瘤萎缩）

使工程菌数量达到一定域值
后，发生大规模同时自杀同
步裂解的行为，将药物释放。
幸存少量的工程菌，再次进
行繁殖与同步裂解的周期。
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luxI：a common promoter, drives 

expression of 
ü its own activator -positive feedback
ü a lysis gene-negative feedback
ü regulates production of autoinducer
(AHL)。

ü Regulates the expression of a 

bacteriophage lysis gene (ϕX174 E)

Construction and characterization of the SLC (synchronized lysis circuit) 同步裂解循环

Salmonella enterica subsp. enterica 
typhimurium

鼠伤寒减毒肠道沙门氏菌亚种
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Investigating lysis-mediated intracellular Release
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111min

In vitro co-culture with HeLa cell

a, Schematic of the microfluidic co-culture with cancer cells and 
bacteria. Fluidic resistance was modified in this chip to achieve 
stable near-stagnant flow reduction to allow for cancer cell 
adherence and for diffusion of released therapeutic from the 
trap to the channel.
b, Frames from the co-culture time series sequentially visualizing 
S. Typhimurium (strain 3) firing, lysis and HeLa cell death. 
c, Fluorescent profile of the bacteria and HeLa cell viability 
fraction (number of live cells/number of dead cells in image 
frames) from b with time. 
d, Percentage viability of HeLa cells co-cultured with supernatant 
from S. Typhimurium culture harbouring the SLC + HlyE (strain 4), 
the SLC only (strain 5), constitutive hlyE only (strain 6), or no 
plasmid (strain 7). Error bars indicate ± 1 s.e. averaged over three 
measurements. 
e, Fluorescence profile of the SLC + HlyE (strain 4) co-cultured
with HeLa cells at various initial seeding densities. The x symbols 
on the graph mark the point of complete HeLa cell death.
f, The toxin exposure time, measured from the initial presence of
fluorescence to HeLa cell death, as a function of the sfGFP 
production rate (see example in e). Although the time to death 
depends on seeding, the total magnitude of exposure remains 
conserved (inset). Error bars indicate ± 1 s.e. for three 
measurements.
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In vivo expression and therapy testing with MC26 cell-1
结直肠癌 

Strain 8 and 10 Strain 9-底盘微生物

Strain 8 and 9 Strain 9-底盘微生物
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In vivo expression and therapy testing with MC26 cell-2
结直肠癌 

5-fluorouracil (5-FU)
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In vivo co-culture with MC26 cell

14, 10, 15

Pro-apoptitic peptide（CDD-iRGD）：生产

一种蛋白这种药物，从癌细胞内部着手，

诱导肿瘤细胞自杀身亡。strain14

Haemolysin (HylE)：溶血素分子，通过破

坏肿瘤的细胞膜，达到摧毁肿瘤细胞的

目的。strain10

Chemokine（ CCL21）：产生另一种蛋白，

这个蛋白会激活人体免疫系统，调动人

体T细胞和DC细胞等围攻肿瘤。Strain15
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TUNEL staining: indicated higher 
levels of apoptosis and cell death in 
SLC-3 treated tumours

Salmonella: observed by anti-
Salmonella antibodies, showing 
localization of Salmonella within 
tumours
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SLC bateria:口服
5-FU：腹腔内注射

肝内同系结直肠癌转
移模型验证表明：将
SLC bacteria与5-FU结
合治疗结直肠癌效果
最好，可大大缩小肿
瘤块体积，延长癌症
小鼠的寿命（约50%）
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读后所思，所想……

Ø该遗传回路的稳定性？

AHL域值的变化 细菌数量的变化 给药量的变化

裂解质粒的丢失

对肿瘤的作用变化

Ø有没有更好的底盘微生物或者有助于机体免疫系统攻击肿瘤的微生
物？ Bifidobacterium （双歧杆菌）

Clostidrium novyi （诺维氏梭菌）

…………..
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读后所思，所想……

Ø微生物王国的语言——群体感应

致病
（人、畜、植物）

抑制群体感应信号分子的合成

降解已合成的群体感应信号分子

抑制群体感应信号分子与相应受体结合

极端环境适应
（肠道、高温、高盐、

高压、洞穴…）

新药研发

具有群体感应的微生物物种？产生的AI？

在极端生态环境中发挥着什么样的作用？

可否具有抗菌抗肿瘤等特殊作用？

新药、新菌种研发

Dark matter
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a, The model consists of intracellular variables
 (lysis protein E and LuxI concentrations) and extracellular 
variables (colony size and AHL concentrations). A time series 
of colony size (black), colony AHL (blue), intracellular LuxI 
(green) and lysis protein concentrations (red) Are shown on 
the right. 
b, The region in the model parameter space for ClpXP-
mediated degradation and flow where the model output is 
oscillatory increases with higher production and degradation 
terms.
c, Results from the computational model showing the ability
to tune the oscillatory period by varying ClpXP-mediated
degradation of LuxI.
d, Fluorescence profiles showing lysis oscillations for 
LuxI ssrA (black, strain 2) and LuxI non-ssrA (blue, strain 1)
tagged versions of the circuit. 

ssrA tag (mediated protein degradation)可以增加SLC的稳定性。
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ClpXP

新月柄杆菌
Caulobacter crescentus

ClpXP蛋白酶控制细菌细胞的生长与裂解，存在于多个微生物

物种中。

ClpXP蛋白酶存在于细菌各个不同的生长阶段，但是其仅仅

会在特定的时刻来破坏其靶点。

Cell, 2014


