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Biofilm modeling systems
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ABSTRACT: Biofilms are considered a complexly structured community of microorganisms derived from their attached growth to abiotic
and biotic surfaces. In human life, they mediate serious infections and cause many problems in civil and industrial facilities. While it is of
huge interest for scientists to understand biofilms, it has been very hard to directly analyze the various biofilms in nature. A variety of
biofilm models have been suggested for laboratory-scale biofilm formation and many methods based on these models are widely used
for the biofilm researches. These biofilm models mimic characteristics of environmental biofilms with different advantages and
disadvantages. In this review, we will introduce these currently used biofilm model systems and explain their relative merits.
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Table 1. Requirements for modeling biofilms
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Fig. 1. Biofilm model systems.
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a0z A R, )R] A, W, 2ol Y 2egh
flow cell reactor 2 LA ETH BE LA QAEL Alg|E EH
= &5 A=, o] 5 F5f HA| A v o]

25 flow cell reactorE 53| nFA| 9} w4 Uz wj 7bx] F sz
of ofa) g ko R Felrl ik e wE ol H
(peristaltic pump)& 0] &3} 7JA| 2 o2 S5, o] o
low rate-S 28 3t0] ]3] AT 83l e 2 Holgt 4
AT} viA] A axo)| 4] B 2| 7} A< reactor <502 W

H i A] A A Yioll= S%te] ARA HE R, i dHE

& LEE HAstofof gl o] & o] 9ol = v o= Ft
reactor 2B WEE= Wi S WS 8]}, wjuf = Aye
= Q= 7| EE0] flow cell reactor 2 S-0] 71| A wola=
bubble trap 5-0] A A| 2] o] Z3}E ofof gt

AEato] FA == 249 flow cell reactor= o] 2] 7}

cRFRE ElAlo] EAISIE, UuhA 0 = Y5t HolF oz X

No flow

Low flow r:

* Smooth or flat appearance
* Loosely attached

* Easy, cheap, and simple preparation of the system without
specialized equipment

with flow
High flow rate

* Highly structured and porous appearance
(mushroom-like shape)
* Tightly attached

» Easy multiple operation
* Less labor intensive
* Hard to see the biofilm structure

* Similar to most environmental conditions
* More labor intensive
* Require specialized equipment (more expensive)

« Difficulty in multiple operation
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Table 3. Methods for biofilm formation and their relative merits

Methods Culture design Flow rate Advantage Disadvantage
Static biofilm * Screening purposes * Nutrients depleted
in microtiter batch/closed/static No flow * Multiple parameters « Signaling molecules
plate * Small volumes of reagents accumulation

« Easy to repeat multiple times in parallel

* Not good for following

1 iofil fed-batch/cl i fl individual cell 1
Colony biofilm ed-batch/closed/static ~ No flow Able to obtain large mass of biofilm mfilYld}la cells at early stages
of biofilm development
Flow cell Continuous/open/dynamic ~ High * Possibility to analyze biofilm formation real-time * Impracticality of running

many biofilms at once

Drip flow  Continuous/open/dynamic ~ Low

* Small volumes of media

* Low shear environment

CDC reactor  Continuous/open/dynamic ~ High

* Large number of coupon attached biofilms for testing
« Steady state without changes in concentration

* High cost
* More days to complete

* Developing biofilms under physiologically relevant conditions

Microfluidic  Continuous/open/dynamic ~ High * Screening

* Easy to design

* Limited biological relevance

Embedded

* Mimic clinical biofilm in mucosal tissues

* Depended on cell-fixing

biofilm Fed-baich/closed/static  No flow Faster, easier, and cheaper to study biofilms stress for clinical biofilm
Pelllcle' bl(.)ﬁlm Batch /closed/static No flow * Common ecological niche * No various condition

on liquid
A B WHS 4 YRS ARo] RS 7|5 B 20h g4 AARlo PR 7Pk n, ok uhile] uls) v
W @nl7 wao] bett AAREL Fe)S gl A ok we] Anteo] foj s wAlo|cKBuckingham-Meyer
A Zatey, 714 Eat Qe ZalaE o & ghE oA F7] 9] am,m3&m%am2mmDmmmM*@wHtg4

chamberE dn|7 % QO] 7153t cover glass 2 G o] 4] A E]
S0 At} o]u cover glass+=
W TR Al AlEeo] W4 EE 7%
S 9Jet B2} Hk o 27 A2k flow
2o} AT Aol Fa) AN
o] reactorof] A v A=S A5 ool
i%"l @Xl% “Fefjoll Al 275k o) mABES AV 5
*Fﬂé}oﬂ reactor W= =¢Ja}a1, 3 /\l A& H2kg 95|

AR ot £ 7, A A4 OR FelFuA A

reactor2] s+

L
)
_)
(et
E
> oﬁ
i
o
lo
:B
O||

_IN

o) Axgel AAel 25l 3
2 2 AR 3 gl B
3177

=3 Ao A FAE =AY
& QAR50 of3) Wl
Al2<gle) B} am
" x| A A4 2} flow cell

HehABTH: Bl 9k 59
reactorS: Fs) WE F2-L AL ol Wiefok shv, B

Fol 2} REEC] AT Y BN A= Bit 222 ob

517] ool B B7HI} el g W e 2 Tk E3 of 2] Al
of gt AL FAlof| Al 5=t W2 A o] w2} HEF
1-47l) A =9] flow cell reactorS EA|of] &-83F 4=~ QJth

Drip flow A28 : o] A|ARE S50] 9l 3L
= e Abget o mlojck, Qi ujop ube] A g Al

=32l A Als2d Al2E

) 517 ol w4 E-S Wolme] 572 19 A £ T8, A

2 7] go] 31 1 910 ) MK S Y S Hojmeln
A Apel8] T2 W71 ek AE e 1 nAT EElA
A 0] ol #] Fej7hiz x| i) A4 H 0 opral A

[e]
TS WA Eok wheba 1A o] o] B o 22 x|
1 ghg ol x|uk, w7} Hol & Eef7h= F1t FAtel B 710
58] e 4= e o] 2AEEE, flow cell Bl H]
off Aba7F FHESE Aol A A Eake] F49E 4= Qlck HE
AL 2= slide glassE AMESHA T F0|u S2HAE
thE AE S 71502 A5 5k Utk Flow cell Al 2% %
R At A HrE Fashy, drip flow7F Aol

reactor 24 2] chamber”} & @ 5}t}. o] drip flow reactor ko]
TATE 9T B AR QT AR ok asiolof
ahu], 915 B 4172 56 drip flow rate 7} ~1of] w2 ek

278 4= ek SPAIT drip flow Al819] S0l 11

71&}) A Tt v A o) R/ of wheb A e mheb A e

B Sl A ol WA 4 ik 53] sHA, £4, Ay
Soll HAEE



A Z2 AA 52 e 2 EH| A E] §-851HA ©]§
= 4= QItHElkins ef al., 1999; Stewart et al., 2001). L&}
flow cell A|2RIXH AA| o] Fu)7} Z31 FA|of] B2 Al =
et A& R85} ofl = thar Al oFo] Qe HE 147 =

9] drip flow reactor & & A]of] 83 4= QITt.

CDC reactor’ Rotating disc reactor/ Annular reactor A| 2~ :
O] reactorS-2 7|54 © 2 ujA)E-0] ¢i<& ujoke- 215+ Continuous
Stirred Tank Reactor (CSTR) W42 |2 742 AEQ
o], thetreactor ol =1t G44S It RHS AT
UEF 53| oAl E AEolnh 72F Ao A UE2 o
Aol o &2 QAHA A2 £ 9o, HEL BioSurface
Technologies Corporationof| 4] A3} Hufjsh= A2 AR
gt} o] reactorol A= MR ] 35 £ WE HSEE T
AoHA| shar wik-E Fof v S Egtsto], Ak mE s
o] ¥z} glo] AlAglf o] mjH o] 3} AT s g A
A 3= chemostato] 71531t} AyEA ¢l CSTROJA = A4
HjoFoll 4 2] 314 u]-go] reactor 2] B EE 0] F4] 4w

8 49, 5 AR S0] §10] 1 wash-out BAFo]
oJubAIRE A= B/de 917t ol reactorol A= T A
£50] wash-out 55 2h= 32kE]o] gl BT RS
2 A& AR & 4= ) thHeersink and Goeres, 2003). o] ¥
AlEo A= FEoIU T A flof| AEdto] A=A st =
A2 oA, 7] 5 A7 |, ke o5 7 egh Ak
= T 4= QA FES AWZ] Ao HAre = AE)
Sy, = A2 E7Fs351t) o] reactorE2 7|24 0
= P18l TRk = o] AN, mRkE sf 3231w
A S sHA et 350] Q= 52 Aol A 37 vy
Fo= YIS YA A FPseich

BioSurface Technologies Corporationof| 4] A| %, Tl 3h=
CDC reactor+= 1|85 vl 913t f-2] §71¢}, 2ol 94
H FES AT 4= = g2 A= o] Stk CDC reactor
o] ZoFR Ro A4 W] 7} S X5HA) B3, A B3} o)
AE W7o 4 S = FYAA Q522 355 Alws)
Al EIt Goeres et al., 2005). F-E 41918 1ol = polyethylene
Aol 2] -87] Lol =2 o2 AR H T, g 8719 870
7h o1 = =T, shte] withof thA| 370 9] ES ket
T Ao B T F 2471 8] FEo] FolZh o= QlTh o] & Yol 1L
A FE2 AA S AL, F910] v AA wRbr] = Rk
AlA 23} AkeS B od sk (Donlan et al., 2004; Goeres et
al., 2005; Buckingham-Meyer et al., 2007). ©] A| A2 7}3}

A& o9} 2= 97 w ol Rxux) Rat e WS

1

=
[

=2
ox
it
=
1)
[o
A ot
oX,
s
£
fu 4y
ox rlﬂ

2 A C
stoll A AEv F48 AES T 4 7] gzl A= o] o
IS HEES 4
UL, A= B FES GA AA T = Qlok= Aol A
tH(Buckingham-Meyer et al., 2007; Hadi ef al., 2010).
Rotating disc reactor+= 7]22] Q1 %+ CDC reactor2} 5
Y3}7] wfoll uiFat Bl E 42 CDC reactor2} 5 U st
th. SEA|HE o] reactorof| A= FES AFA H] A 9fo) SElE
I w7 o] &8l miE Kol A Y ATE A= S
AHE-87] Wil A Th4l 7]50] &2l of Mt o] Rojr=
wAlo|e t =7} 31 gte] whet v = gHA| 31K sHA H
B2 CDC reactor E.Ut}= oFst Aethe] & F£= 71 0 2 oA
th(Zelver et al., 1999; Goeres et al., 2005). BioSurface
Technologies CorporationA}2] rotating disc reactorofj+= tj A=
ol 67| 2] F-3£o] A2k 4= I}, CDC reactor# ¥ chemostat©|
7hs skl gA FES AA T 4= Sk

Annular reactor = 7] 22 Q1 v ¢F &)= F A3t ATt
reactor Wjol] 117 ©]F AR & F1L, 31 YR AUEE 3
FAAA wi o] F= AT Abolof|A] Ao =& T &}l E|of §)
o} R AR 9] 332 HE S F3l o] Fo] A, o] 31 &
L& 3o A Al gttt 7|50 He FE2 Sl =

|2 o1& 3|4 ARt of] A2FE]H, BioSurface Technologies
CorporationA[2] Model 1320LS2] 739 20711 ¢] &gto| =7}
Zpz2bE o= Qi) Lo & FE 0] 2 AL stainless steels, carbon
steel, polycarbonate, copper 50| Al-&= U, Qo @A A&
A 2 AR = Qlek SEfo|= FE | AEHol 3
Qe SEto| EE Al Aso] B AEvS B4, THERith

Microfluidic flow system : $Foj| 4] A St flow cell A] 2~
B2 microfluidic channel HEj& Z}A| 45 A AHo|T)
Microfluidic deviceZ ©]-838}HH AA| A AElo] uf-& ZFox]
o, ARE-E = Hi R o] e =5] A2 Fo= EY o qdck E3
microfluidic device 5 H Q1 5}7]of] whzt-5-A of] T2 A=
A RS BAT 5= QA A "S5 4= 9lo], 238
e Ao & 4= 913 (Benoit ef al., 2010; Conant et al.,
2010), flow cell A|ARIAH AAIE An] 7 B2 e 7551
THE 4= Q7] wiEel H W2 Q17| A Qlrk B3 A=)
BAA 9 folu nAET, At 59 o8] 2 2o
A, EAIE T} 22 QA W mA| 2419 e A Aes R
[e] (o]

= © T
A gt 42 91T, 018 B H ek 28 5 ek

o
e}

=R
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Z+- o] ?JtiDe La Fuente et al., 2007; Richter et al., 2007). -5
242 12 ().1-50.0 uw/min©] ™ Reynolds number7} 7| wj&
of Bt} QFA 3t laminar flowE A|33HHDe La Fuente ef al.,
2007; Lee et al., 2008; Eun and Weibel, 2009; Janakiraman et
al., 2009).

Microfluidic flow A|AH]o]|A] AEHFo] A &)= channel
O] 27)= Edof whe} k= X9 YHbA O = o] 50-500 um,
230250 um, Z0] 540 mm A E2] I7]2 7FAIch a4k
5 flow cell A| 2 g ol A /0 =)= AE1F0] 200 um ©]4}9]
EAZA = 2 = Q) 7] W £}, microfluidic channel 2] F.7|
of w}eh 54 El= A2 ate) 27]0] Alefo] w4 glck. weh
microfluidic deviceE A|Z3H= 7)&0] HQ317] W&o, &

# Aw7ke] o] Fasiri= Aokl glrk

FdH A=) EA ol 1 =2 o whet 3 A (fluo-
rescence staining), A3 4= 274, Az A7 dry mass) =74, T
iR 5.0 el=3lE A7k Fu)7 32 (microscopy observation)
S TRt R o] ARg-ETh o3t WSS A =1
A 7)(biofilm mass)L} AJETF W A|Z] 4= 24 5 Hekz| 9]
HRHE T AR U] A 32 Q] ThEFA|(EPS; extracellular polymerlc
substance), S- AolQli= A|3EQ} =0 A3z o] LA w)F K
= 2= AAA o2 Lol & 4= 9lem, Eﬁ]’”‘g
T2 B]psto] Ak W 215 L A sk

[e)

M5

= 2 SIek AHETRE B)53to] BAJRHE A9 o
‘{’:

3

d
>,
0

o L |o m{n
2L
H1

e ok AR 4 glot, 8]

oRAGHERER
o3} 8143 4 Gl ol BAZL HI, A Y BAS T
ufi o] FAbEl AR} o) EAshok 5] white] m
AESE g 43

Z7} o] 5 SR T°1°F t‘H’Jr QA g A
FEOI L p S
CHEA], AARZE A7 TS flel] dehE o ‘3—401 Fite]
+= A& =R reactorg THETHEA] sh= A o] L olo|tt. 5T &
)78 TS Qleli A= dnl A B4 R O E At il
Al 2Elof szgtE]ojof gk, whaba] A Eut 24 Bl ke
EA| SRt AA B AARIO] o) 5 vl g W
FFE |2 A Hek

w3
ol
o>
é
S fo
_.l
s 3
TL
o <
N, H
NI
%
[0}
s

o)
ju)
fo 2 q

o
i

Aol ot

HI

A

CFU counting : AE2}2] CFU (colony forming unit) =%
S Eo]-c;)\_}__‘ /\1]:,5_,] _,_i M Eule X%Eko]-b 74+ 7]Ex4 o]

— OE“!E U

=32l A Als2d Al2E

S5 A= W o|tK(Cloete ef al., 1992; Rice et al., 2007,
Adetunji and Odetokun, 2012). o] 712 Aol = A2 E ATF
= o)7] Wiz, ofu] FAE AETHS Al ol

O]'

Aol 53] f-85teh shA|k, Aol RatE|o] Q= Al
£ wlo] 7] £J3} sonication T2 FHEF I} o) A mjAYEo] =
A 52 55501 "ol d 4= QlaL, o] o] Aol FF&

u)Z 4% QItHannig ef al., 2007). E3F, A7} 7]of ==
s 0] Abeol L& A AR A oA Hat S ol
(Shen et al., 2010; Freitas ez al., 2013). o] B2 =3} A 7F
o] go] £7] wZe] screening ¥} - AFjofli= 2| A shA] ¢
CtHVan den Driessche et al., 2014). £3] 2} A|of| 2A|5}+=t}
% 55 T30 SRHAE RS AT T ) o] WS 27 He,
AREA Q1 3 A WA =710l A wjFo] =R ¢b= mlAEel B

7] o] Wik 3ol A 57 Fol tgh Alelo] WA S
21th(Donlan and Costerton, 2002; Aas et al., 2005). 2o A A
851995 MBEC™ assay ©] pego] o] Wl 0 & A Euke 47
et 4= 9w 9k o]tk

Az ZH(dry mass) : 7% Z o] o5 AYET] ke o
W02 Yl ol 4 o]t o] HhEe 43 Ao
2 A&3ka ukE S 21eh 4= Q) r 60-105°C A Eof|A]
gok A 2E DRAK T FA 41 BAS 2H
% ARE 24T 4 Lo AZ o] AXSHE WA
2R whel WA A% Ak dEnte] WEE A% 3 4
Utk Bl AU Aol 2ol tiet A EE A= &
A9k AR Ao &3] 9l 279 A& o8-t A 4=
% 8 4 glek 4ol ol

HA(staining) : HAH 2 AR ATFSt7| QA 7H

o] 50 Mol AR B F6 94 2

ZA], EPS (extracellular polymeric substance), Tl 2, DNA
ojv], YA RE= F2 FF FHUATE ARSI AR, crystal
violetT} - A7ZHS 1] Qluk AR} 0] 7] % Fhet.
AR EH BA} 5 F 52 e 2] 0] Bt Sol

=
o =
o2 AYSHE A9 A BAL QAN E Galo] 29

Olﬂ H~1 52

4

;|>:_1
o
ol
Ir
o
EE
HU

SR TV o] 0] A
crystal Violetoﬂ oJst HAHH o]t} E% icrotiter plate & ©]-&
Kol 4 o] 220]u], o $- 413 mho, AR
*é Ol lr'i% Ho“ﬂ o]t Crystal violet2 Ato} Q= A 3o} -2 A
% =2 Qagith o} go] H4at YBTLS o g 2] 4]



0} EPS 2 -4 Elo] Q1lo] wall7} Hlm s o] wh & Al
-57] SA A F= -85t} Microtiter plateo]| 4] 7] 4=
7] 9] plate &l W= of] AE1to] A=W, v A& 27 H
F5 nE=E AlFske] AATE & o8] EolU= A
k- crystal violet & &2 FAIGICE A H crystal violet 2] %F
F=Uo] oFS Hkgst R, o B2 crystal violet-S
550 nmolA] FHES S elo] ARt B FHE
20t g4Jo] Brk 2 olmlgeHO Toole, 2011).

Ao tko ko) A|3E Q) TgA|(EPS; extracellular polymeric
substance) & 0]F-0] 4 )t} EPSofl= thdA|(polysaccharide),
RRI, 2], A5 ehore T So) 3k, vl o
we} EEa ce|So] A E o] ABute TAIsA Ak
wepA o] 3t tHFAl S AR e = AEEE S
o, Z}7}o] thekA|of £o

B

e o mo koo

ox o o=

X
o] 2rol A& A AAshs Aotk HE B0
T 574 thgA ol 5ol4 &

of So] 2.0 2 2gksh= o el(lectinol HH A 241 2
2 AMESH=t|(Lawrence ef al., 1998, Strathmann et al., 2002),
Concanavalin A (ConA)7} 0|8 5 2 AL &=t 72 dlEl
ofth. i A of| So] & o= Ajst= @M A o= Congo Red,
calcofluor white 5-©| JITKStewart et al., 1995; Yang et al.,
2008). o] 5= AREsH AEate] =S AlZslsto] & = 3l
o} = Al o) AJEe] Thld ot F a3k GA Al
Fluorescein isothiocyanate (FITC) Zro] ©hd 2] 9] amine &2
sulfhydryl 7]0] Z§F8H W S 415 5 9lek. EPS
ol ch el o] u] &8 AR ZEE A 8] )
AL E]7| = 3l=t|(Lazarova ef al., 1992), o]+= A ttelof &
2 wh=ths Alo] gzl vl 9lthMittelman er al., 1990).

A|oFEo] ZikE|of theket mpto] o & M| E HA 5]
o] ARE-E|AL Q)T). who] o= g A Fof SYTO 9
propidium iodide (PI)2 A}-8-3}0] Alo}Ql = 4| 2o} 2.0 A|
= JLEsLo] gAsH= ul o] 9ltBoulos ef al., 1999). o] =
HAA| = B A2 Satol] Ajtste] g3 W=, SYTO
92 HEANZE GAste] A4S YERH AR Pl A2 wto]
EAFE A ZTRS A Sho] A4S Wagghrh(Peeters ef al.,

A K| eko] 74231 9l A2 g st uj
S o = AN O] tf 27} 7}tk Alolth whetA] o]

o]
SRR EN L E R EEE R TIER EE ERE S

3

31 0 g317] 41
A 4 ol 4 A=l Ao] ek 2el 4 $lekBoulos er

S %
DNAE 2R = vj&Esto] a9 25 Aokt AHES
7] wj&o|t(Hans-Curt and Jost, 2010). =,
P GA A= B EO EPSE Al SslA U e ol =
AFEE 4= Q) . H(Allesen-Holm et al., 2006), wafA] A E9)F
el A SYTO 93} PIE AR 7 - Aol Al 229 52 Al
320 W o] o] 2|3k AMAE WFEA] AL Elo{oF g} SYTO 9
& pHol| "IZsh pH 5.5-6.50) 4] 2|t 3342 Lrehdch
B QAAE 25 T ) A RS WS o] g
=44
(GFP; green fluorescence protein) T} 72 &35 il 2o
Al7]= Aolth ol= BEUS F/dA1713L4} 8w
GFPE I Y oh= FAAE 71 Eean| =8 =stAY ¢
ARF|of] AFQJsh o 2 4 LA 4= Q) tH(Lambertsen ef al., 2004).
GFP ¥t o} 2} YFP (yellow fluorescence protein), RFP (red
fluorescence protein), CFP (cyan fluorescence protein) 5 ¢ 2
che Ae) @ Tl A Qlo] st o] 27 W vh
A s AR ARUE B 49 3RS E
A 35l ol 7 sk, B ) AESS) 914
©5) Sel g S olr). e of 2 b2 A 9 o] §:3}
o] 1m0] vy =] o8] FAH B4 Fof whe 1A
T 75K Sternberg et al., 1999).

FISH (Fluorescence in situ hybridization)+= & £0]2 DNA
probe 5 ARE-5t0] AA| S oA R E TS BT -8
3} 5} o]t Dige ef al., 2007, Schaudinn e al., 2009). FISHS}
o}l 4] 43 CLSM (Confocal Laser Scanning Microscope)
& ol ol 7ol EAsR Al ure] 3719 o]u] X1 & A7
4] & 4= Qlti(Diaz et al., 2006; Al-Ahmad et al., 2007; Dige et
al., 2009; Palmer, 2010). ©] {512 7]=9] antibody & ©|-8-3
Wl vl S o vopo] of e nl AR 21T 4 9)

T} A o) QItHAl-Ahmad ef al., 2007).

Q
= [e)
EA 3R] o] o]t upo] m Aol A 4] 33 vhul g
=]

)

N

i

MEato] gt 2

B} G4} Bl Aul7o] o] gxlofof shg), G4l
AT AN ES ALY A, B A Ak G R
42 918 £ZEol7l BasH Hck 55 Y} Lo
A A Eue] B3 LA 1) 918 A WHZ-F)
0% GAA P T 4 Qs ANAL Baw Gk o2 9
ol A=} g HAol A 324 dlo] 4 AR H(CLSM)
o] go] ol g-flrk. o] 4= ehuba} o] 4} pinhole & E=¢)
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sho] 7129 3t An| o] 2H W o] 9] FE O] AT BA|
£ FEs19ch webs] CLSMS 27 o] uhle 2 wuto] A
FHAS A S UCBE, UL Z-F0F F2 o 7}
ALHARN & A& F 0|5 HFFE oA A2, 33k o] W] ]
£ /43 4= Qlek o] R 3Ab Gt Aol BE ¥ o]
1] 2] 7k AHE-E] 7] g iZoll, CLSM 9/ F-Aolli= 3 dxio]
Fasich uhepa] AEY AlZEo] 248 FFS YA st

7] §13l GFP 52 & 5}7| 314 W Chalfie e al., 1994), oY
W B AR RS dalstolof gk
AARE B S 5 Qe ] Apoll= A= reactor
Z2HE AEvhe olasto] vl W sfiof shAIEL flow
cellZ} microfluidic channel A] 2 E‘l_!iﬁj
75‘

ol 753 6 2ol A, i

ﬂﬂ%%%dwmmwmINW)&ﬂ - En] 47} o
A B4 £EEGO}EL 17he] AH|o| 1L, E3] CLSME of
5 317te) o)) wiZel| o] & AuH A HE R AN
3}7]= v o]} 12 A microfluidic channelS: ©]-8-51 1]
Y R B B9 A o) gBute] dut ArlFoRE
2 pHEichs He v g ol 4 2 4o 2 4= gk,
CLSM - o] 83 Q41-409] 3lo] 4= glof} 323}
7 AZA RIS A
e o} Aol A 2415 4 5l Bt o
= 9]9)| %= Imaris (Bitplane), Amira (Visage Imaging), Volocity
(Improvision), Voxblast (Vaytek), Metamorph (Molecular
Devices) 5 88 G4 24 AZEY AL Q) o]& &X
Eflel= olmAE & ¢ Astar WHILEW HoE=7] §iet
ol 240 3| A% 5 ot 7ls Al Ql=tl,
£3] o8 oA E& A2 53l o] 1~3XP$J =2
Aoz e ke Qlok E3 o|u XSS OH"lUﬂ |4 §P
o gk Aol Ao e

7:]_?_ }_U]—OEﬂ iﬂ-ol QX] 1%‘\—
Sit}. o & S0] Leica A1) 7 9] 43
Hu| A o] AZEY6]=LSM 3 t/'Hg

i = S8l o] Ao
oy M 7Zko] 7 (intensity) S S 3t} 1Y)
}% :rL—Z\—E}% ol Bzt Aol ALz = ofof gt
2 olm| 2| o] A=kt 24 o] o H 7] wjizo] o

B} ol 7204 o] 2 | 2517] 25 COMSTATO]
= A8 2xEY o] 71X S /fLstd) o] 2 E o]

= AETo] 3219 Lx 2 ELE biomass, height, distribution,
roughness, thickness average, substratum coverage - Al 73}

=] §} o) whe} AJEu-S Herd o 5 HAE) 4 o)A ukE of
1YE 0 2, MATLABO| L image J 58] 2 E g0 Yjoj
A F-=E tHeydorn ef al., 2000a, 2000b).

Wt
A @7kA] sk ole] AEut WA REET o] 59 1A
al7] 13 A= MRS AR AR A4 ofe] thobst
8 Zre HEOFES wARS S QA stglom, A7
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