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(1)Joseph Yanga et al. Cell sheet engineering: Recreating tissues without biodegradable scaffolds.
Biomaterials 26 (2005) 6415-6422

(2) Yuichi Nishiyama et al. Development of a Three-Dimensional Bioprinter: Construction of Cell
Supporting Structures Using Hydrogel and State-Of-The-Art Inkjet Technology. Journal of Biomechanical
Engineering MARCH 2009, Vol. 131
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Aqueous Two-Phase System-Derived Biofilms for Bacterial

SCIENTIFIC REP&}RTS

Toshiyuld Yaguchi"*! Mohammed Dwidar,"! Chang Kyn Byun,' Brendsn Leung,” Siseon Les,” 5 s

ko i ety SO S Je Formation and manipulation of cell

.f:;ﬂﬂ:‘::ﬁ.?fﬂflm Chemical Engineering, Ulsar Nasional Tnstitute of Scence and Technalogy, Banyeor.ri 100, Ulsan, s pheroids USII"'Ig a d enSity a dj U StEd
iomecharics Labaratory, Nagoya [nstitute of Techrology, Golisa.cho, Showa k, Nagoya, 466.8555, Japan

Dept Biomecical Eng rd Macromoleclar Science & E Program, University of Michigan, 2300 Raristesl PEGIDEX q ph
Blrar, A At A 19105 0098, U ST oA, 2500 e aqueous two phase
system

ABSTRACT: We describe patterning of bacterisl biofilms = |

using pelymer based aqueous twophase system (ATPS)

micropriating protocoks. The fally agueous but selectively Chimgrin Han', Shiichi Takayarma® & Lassung Parked
bacteriapartitioning mature of the ATPS allows spatially

distinct localization of suspensiors of bacteria sach as

Receseed: 17 Ly 2305

iy e ool] P (ot 8 [ Varins sphirsid fesmation tehniquas have baes widely divalepad for éficiest and

precision, The ATPS patterned bacterial suspensiars form ‘ eoll eulbure reseich. Alhough thase effors improved many iipects of spharaid gan

spatially distinct biofims aver fme. Due to the fally squeous the procederes became omples and absa required wrwssal laboratory equipmest. Many recent
and gentde momcontact printing procedures employed, techwigues stll invelve labarious pipetting £te ps for spheraid sasipulstion suh as collection,
cocaltare biafilms compasedt of multiple types of bacteria could e printed not anly adjacert to each other hut also directly distsibution and reseeding. In this repert, we used & Sansity-conteelled pelyethyless glyesl and

over another layer of existing biofilm. In addition, the ATPS enviromment alsa allows free diffasion of small malecales betweer

dee
spatially distinct and locaized hacterial suspensions and bifilms. This erables biofilms to chemically afiect or be afizcted by e

r aquesss: twa phase system ta generate sieraids that are oth consistent in size and

neighboring bioBlms or plankionic cell, even  they consist of &iffereat strins or species. We show that  f-actarmase producing priciseby sizi-coetrollable. Mesaovii, by adding 3 Few ops of Fresh medum b the wells the cetain
biafilm confers ampicillin resistance to neighboring nonresistant plankeonic cells, @ seen by 2 3600-fold increase in sunival of sphersids, they can be simply settled and atm"ed N"'e sulture surface due to rrdxef dmmu af
the ampicillnsensitive strain. These exzmples demarstrate the ability of ATPS-hased beafilm patterring methods to erable tha phases. This unique attribute of the Ehy rischaas

unique stadies an commensalistic effects between. bacterial rpecies. of sphereid manipuistion to.a singhe pipetting; therefore, the srrers from thost steps are slimi

e this raliabsility and elficiency of  raseach can be miodmised.

W NTRODUCTION athylene glyeol [PEG) schitions. The gentle, fully agueows

Bioklms play » critical role o and behaviar of
oacters These biafims aten. consst of mined consortia of
Bactera that can be affected by other species presert within ar
near the hicfilm, " metsbobaally complement each othes,
and commuricate with cach other through quaram signaling
malecules.” Biofilm bacteria can have diferent mades of living
from the planktanic farms 2s characterized oy gene expression
and other chasacteristics” Fer example, bioklms are usually
mare resstint to desiccation,” delel

conditions induding natfent deprivation,'” and up to 1,000
times more resistant to ansimicrobial agents than planksonic
colls "™ What would accelerate urderstan.
‘eneficial or detrimental bacteria and bioflm
~versatie method to pattern biol

arthermare,
nancoatact nature of the pabterning procedure, the technique
allows patterning of bacterial suspensicns on top o
formed by another type of bacteria to give

ilms. In

Sow s fpubmacs o

£
patterning technique, we demonstrate the techrique’s us
ness through 3 demonstration of neighbar bichlm endowed
antiniotic resistance. The technigue requires £o special tools ar
equipment beyond what & found in a typial microbiology
Lvoratory, making i very practical We en
capabilities of ATPS-based biofilm patterning to apen mew
avenses for systematic studies of multispecies bacterial
interactions.

compesitiars u;mall;, s mm—m surface-directed bacterial

patterning methods, " m tudies and amalysis of

‘acterial community i mmonsma ot wonlé anes Bacteia Strsins, Plasmids and Cutring Concitons. The
655

W MATERIALS AND METHODS

. rect types of bacteria oo
wersatile substrates including ather biofilms.

Here, we describe a techrigque for coculture biohlm
putierning wing, polymer b agueoss fwo phass s
(ATPSs) composed of aquepus dexivan

“Gepartment of Mechancal Esgineering, Pahang
Beutric oF e “Tepartmant f flomed kalEeg mearing [

v.l‘-CS Publications e aum 20653 b

1)Toshiyuki Yaguchi et al. : Aqueous Two-Phase System-Derived Biofilms for
Bacterial Interaction Studies

2)Chungmin Han et al. :Formation and manipulation of cell spheroids using a
density adjusted PEG/DEX aqueous two phase system
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