Fa—U v eSRARERZEMRE, 77V ) T4 — AV AV MER
NAEF 7 )0 — R

Zurich University
of Applied Sciences

zh
aw

a7 bPLAER—F}
(FHERHR)

BEFSvRA7227vay CHOMIBBOR LR 2Ry Ficklr 3
BRI A VAT

(BRFE LRy TN Y 2 E RV )

20114 1A4

Stephan Kaiser
Dieter Eibl

AFHF X Levitronix Japan SRSt B W T, B4R v T7ORMEZHFEL T2 ko,
ZHAW IZ X o TS 7z LR — P 2 HAGE L L 2 XXETT, AFHONEIX, £V Y F Lo
HEFEEWICERL CGEBLTE VT2, ZONRICOWTRIET 2D TIEH D THA,
PR ZRNAICBE L Tt ¥R — L= kW Xy v — T 54 Y VI NDREEERE S

L7730,




7uYzs b LFE— b Fa—Y v e IBHRERY: ZHAW
HX
L O = OO 3
I ¥ = - 0 x <SSO UU UV OO URUTTVTRR 4
21, V=739 I RAYAT L TOHIBIEETH. .o 4
22, HRE D T T AT TOTIIITIRBR . coovveeereeeee et 5
2.3, HIBEEEEE L OETFIRTNIE (oot 6
24, ABEZEEN T F DIRTE oottt 7
25, GRBREEIE B U EGE oo 8
3. FEIRIRUEZR ...ooceeieeeeeeit et a st et ettt ettt ettt e s e s e s et ettt et e s e et s tetetesans 11
3oL FHE ettt 11
3.2, BPS-200 F Y FDE Y THFE oo 12
330 TETIT 0 B A T oo 13
3.4, BEFRAT R B L RFEBREEER oo 14
3.4.1. HE L DT A BT ettt 14
3.4.2. 2 DT A BT ettt 16
343, BB DT AR T = R et 18
3.4.4. B A DT A BT R et 20
3.4.5. HEBATR P L ZDIEMIFEIE ..o 23
3.5, HAREZEENSIZAIT & BT R B L ARG .ee 24
A FEBHE B oottt ettt bttt et ettt e e s 26
T PP PPRRRSSRRRRR 28
LT SRS 30

aw



a7 FLAE—F F 2 — U v e ISR ARY: ZHAW aw

1. #S

EY FIE— R, A AT 7 uY—FEECEWT, FREOTHRD 71+ 2 0ffi4 o igkic
IS, ZhoRToOT v RICHE T, MEIXRZ 2R CEEOEW I LI N
2, 13EAEDEAE, BHIA ML RAFEAMA LR LT bans2, MifdidEEs
Mlick > CTd £/, 185 L1525 [Langer & Deppe (2000) ] . Hrc Bz, i
faDMfiay 4 X EFERIC X b, MR L RICBURTH B L E 2 5N T2 [Chisti
(1993) ] . flfafEE, EPEtEoRicinz <. MR O FiH & BHhic 1 2 Miuk)E
DEEENREb -0 LES, 20Wi. RO, A OHINLR O A% 155 7=
DICRINTE 2, AW LBl ETEROMBEEZ Rod 37201, 13 AEDEA, £
% [McQueenetal. (1989) ; Molletetal. (2004) ; Thomas (1993) ] SITALEEGE!
[Mardikar et al. (2000) | D HHliAiERY 2 7 L8R I N TE 7=,

Ry T LAV THMIICE 2 5 EETET 2R IE. DT RdIDOLIrBINTI hdrolk
[Vandanjon et al. (1999) ; Alasetal. (2004) ; Jaouenetal. (1991) ] ., Jaouen &
(1999) 4 DR v 72 b4E L 5, WilhEEMEEROE AW A P L AZHTEL -, FH
O lix. Mol O EHEN K 2 MRS OfIE L LT 2 2 L 28A[RETH 2 2 L ZRT C
EHRTET, BLA V7, BREMERER Y 73 filgiaG 2z 022 32, i —&x—Fv
TXIFRY AZR Y T CREEIBEI N »r o722 &3, FiEX N7z [Jaouen et al.

(1999) ] . Kamaraju & (2010) &, BEREREER v FicEs T, B 3 EHREE KL O Y 5
23 CHO flifEIC 52 2 5B H9E L 7z, O 13, WV IER Ry 7HE X ) ET I
CHO fife o EFRICHET 2L 2R T 2T, 6, MiEEGEx, Eiicd 2
FExL e R b= ZASFRRXOBENRICHE D E THIT 5, Ml ARANET ) v 7T 7 a—F 25
RE N [Kamarajuetal. (2010) ] . 2 ZHEDRIC, ZNETIIIAWHT L\, #fE7 o
—m O e —2 ) =Ky 7 84 CentriMag #° Levitronix #HiC X W FAF & iz, Z DRV
ZE. AR O EREE & R0 BE IR AR 2 R A L <L IR kS 2 720 IcEkE &
N7z, CentriMag MRAF v 7 IZMNIC L > TIFE LI X724 v _IEFRH L., RO AR 7
THwOLNE Yy 7 Py —LOfEHZEEL T3, o T, FE v —r I colifeE
JR N &G 70 EDRERD AR v FIATE T 2 R Z AR AIC 2 < 32 £ A3 C& % [Chuaetal
(2006) | ., P& oA E FfER A% (CFD, computational fluid dynamics O BEHR) %
FWWCHAE L 7z, CentriMag IR v 7' D FE M ANIE R 2R E G L koTwab Z &
R &7z [Zhangetal. (2006) ] , & &ic, FHIMPEDOWIZES 5.0 L/min Ot & [Zhang et
al. (2006) ] . 3.4L/min O T [Hahn (2010) ] FEfix iz, EIMPEERK O CFD & 3
2b—vavid, WINbFEALEEAWM A b L AEES 2T & BR L T,

K7ay 7 FoHWIE, WREKEDE LR~ 7 Levitronix BPS-200 25, &% CHO fifaic b
720 THEMII A P L XA DFHIICTH 5, ZOHMD I, 1500~6000 rpm DHIFHIC I\ TH
5 RS CHEEZTo 7, 2200RY ZAA Ky Z7HHBRE LTHGWE (k27> 2V 25
%) , #Hic, CHO#MIZ, €AMW A FL AR bFHTHELHETE 2, KE 5 X
FTCWARWIRE ) 77 2R aNTHEELE FEEELHFINTNDS)
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2.  MERUGGE

2.1. Yz —7 3w 7R AT A TOHIFIREE

VVYINI—RAY 2 —T Iy 7 AV AT L BioWave® 20 V v F A, FEE (CHO
XM111-10) %, K7 —=F Y/ FY 2a—210V v bATHEELE (K1 25H) . BEHK
Bzih (HP-1, Cell Culture Technologies, 2 4 ) %#{FH L7z, k& 97 7 a5, BERED
7—=%v 7+ 2a—520L, 0.5x10° cells/mL OMIZHE T, Mgz A4 Y7 72—k
FEL 7z, BEEZWMETEE—F GEEa e 2 MIIEE O S8 K MR EEPIIR L 1 )s U
THEMT2) CEVER L. K7 —F v 7R Y 2—2410Y v b, »O2MIHE 3.
5%10° cells/mL IcF3EF 2 &, &2 b L AEBRAMEBRERZ Lz, LarL, P& (#7105
L) % BioWave®NiC¥1F 2 ROBEEY 4 7 L OEMEME L LT L Th i, 3l FIEIE,
Methods in Biotechnology (Humana Press, Inc., Totowa, NJ) D% 24 %, Animal Cell
Biotechnology : Methods and Protocols, £ 2 ki, R. Pértner #fig % [Disposable bioreactors
for inoculum production and protein expression] (. Eibl XU Eibl ic X  fd# T3
(2007) .

X1: HOfEEREAERER S 2T L BioWave® 20 L 05 H

7w A O 21T 5 72, AMIEEE N CBEERINCIG U T, # 2 mL O3 v 7 % EET
Y vy Thied b 1 HIC 2 MERIL 72, EFEERCEMEEEE 22 & a v 2.3 ICTREHE
DY HRE L7z, BIZ, L F A F% ¥ —TF 7 4% —BioProfile 100 Plus (Labor-
Systeme Flitkiger AG, 2 4 2) Z{EHL T, Zra—x, A, 7rx v, Iz vigk
U7 vE=TEEI N pHEXERILL 72,
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22. e 575 RaCcoOFMNRE

7uY 7 FEHEICEE X TS X 912, Chemometec fHiC X W RS NBIENT v &4 D
BAEEMER T 572010, 250 mLIRE 5 7 7 R a COERBRBTONT, WENT v AIc X
D, T&bF—vZMEXIIMEOREEN 7o AT ICdh sfldics il gz dns, Mg
MWD GEITH) FA—VIREOZALSRIEFREL 7 5. HEIZ80mML OV —F v 7K ) 2 — 4
TiTV, PHHOMAZE X 1. 0X 100 cells, mL ICREE L 7z RE S 7T 2%, 7. 5%D
CO2 MitfaaNs 4 vF a_—%—NT, 37°CICfRIRL 72, RE 5 R E 120 rpm ICERAE
L7, HEj2A#Y7 v & —Cedex HiRes (Roche Innovatis AG) KN ALF NA F v —7
7 7 A ¥ —BioProfile 100 Plus (Labor-Systeme Fliikkiger AG, 2 4 ) <., AfIHE5HENE OV ic FLE
M OREEY DIRE 7 v 7 7 4 V25T LTz,

2.0 I
|
|
1.5 4 |
5
-
ASoq04 |
2 |
R
|
054 |
|
0.0 L1 T 1
0 1e+6 2e+6 3e+6 4e+6 5e+6
kRS

B 2: NC-3000 ZEAL72iENT v+ 4 #E, VitaBright-48 ME# X } 7’7 L CRY, FA—ViRE
MECHIEE (7R =2 2MliE) e+ I L0ERIKRWEEING, Rae—h—iF, 2—F
—CEVERES Wb DTh ), HEERAE 2 >OFHRERICH T 5,

WEH 7 v A%, Chemometec thiC X ViRfkE N7 7V r— 3 v/ — 1 3005 (ff§x=HR)
IR I TV B X 51T o 7z, SRIR e laifE iR o s %, 3EAW (VB-48PI-AO,
VitaBright-48) &iRE& L. 30uL O AAH % NC-Slide A2™D F v v SN—PHIc A L 72, HEj+t
N1y v 2 —NC-3000 i X 0 fifgo#EEZEE{L L, VitaBright-48 i % g v 7 F v =
TIWEOWRRESE T, ~—h—%eR 774 (K220 FchiET 5L c, Mgz
20 (iFZnbll) OFSGEERICH TS LATE 2,
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2.3.  MHRSEEE R CAEFRHE

IR E R MM E %2, w7 v &2 —NucleoCounter® NC-100 (ChemoMetec, 7 v =
— 7)) KU Cedex HiRes (Roche Innovatis AG, F 4 ) (X 3ME) <. HEHEIEL 7=,
NucleoCounter®(E, DNA iZ#5& L 2 H#CHEIa 7L 7 o v vy LD dOeBiticEo <,
NucleoCounter® DHERERIZ, + v T AFHEIC)E U<, M0 XTSI Z B o W3 i
%#3#K T, CedexHiRes 754 2 Tid, —M&fy7e b Vo5 T AR 2 WAL 72, EHFERT
SEAMIIE BTN 2 €, R T ¥ ZOVIBHREERIC X 0 R, M RE R OS2 #e H
L7z,

X 3: BEler v v & —, (a) Cedex HiRes (Roche Innovatis AG,F4 ) [V —
Z:http://www.research-ins.com/] & ¥ (b) NucleoCounter NC-100 (Chemometec,7 ¥/ ~—7)
[V — & : http://www.licor.com/] ,

ARG, N TioRdkic, £E2Tws (&) MEFEEoSMEEICN T2 e LTERS
2z (A, LCD,DCD KU TCD (2, £ & T2 Mllldn% i, LA TV 2 MlEOHE, kU
efleEEEZRT) .

LCD _ TCD - DbCD [1]

HAES (%] =
e 1% TCD TCD
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2.4.  HHIRIZEBYS) 2 DRSE

B A L RO EBL R T D7z, LIS E R ICEBET 28 122 %, LUTF ORERR
crkovRxnNs —-RFEERKELET AL L (. LCD MW kp 134 Z CTw 3 il %
B I OHfasEfR g (h!) Th B, ) .

dLCD
dt

ko -LCD [2]

HX2%LCD (t=0) = LCDy: LTHEHT2L. XRA%2HE 5
LCD(t) = LCD, -e™*" 3]

Ra4ThHEZOND L) iT, T OREBEMNBIIAALS 2 & WAl U C A o8z 7
my b L72GA0MHE L LT, MRk 2152 2 LB TE 5,

In(LCD(t)) = In(LCD, ) —k,, -t (4]

A5 TERINDRERB R IC X Y PRMILEAEOE Z3Hl L 7= G, yi ROy IREET
— 2L ZDVIEETH Y, HIRTPRMETH S, )

>yi-f)
RZ = 1- N8 (5]
Z(yi —y)2
N
14.5
14.0 -

13.5

12.5 4

AR 1 D X In[108¢ells/mL]

12.0

IKFfH] [h]

B4: MISEBHFEOERET v, R L CAMREEONEE 7uy F L, BONEEROEE %
WET 5 Z T, MR o 3foh 5,
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2.5.  HEBREEK CHEEGETS

Ry 78 Cii. IS5 MUK 6ICRT XIS, 3200RLEK Yy 7% L 7=, Levitronix
BPS-200 ichl 2T, 22D~ Y A& K7 Masterflex® I/P Easy Load % O* Masterflex® L/S
Cole Parmer % HUBON R & L CHAE L7z, VAR EETIE, Levitronix BPS-200 o [A]Hi5®# &
%, 1500~5000 rpm DHEIFAN TLL X &7z, —EFHE 3.4 L/min Z{RGET 5720, Fa2—7
FAR—227) vy 7CHEMT 52 LT, WE% 5~465 mmHg (6.5~567 mbar X)) T&fL X
7z (R1 %220 . MeEEREY. BERS33 Y Yy PAREIL, vt —X—"2ATRE
HEINTZ3 oD —h—hb, AV—THNTHERSEZ, <y F 2w 2mL onER
3 > DA BRI AT R A o X BB RS R 2 ORI L 7o, PR MO Zdil#$ 2 72001, 7 Z
v 7 v RBEEREY v =K UPE) v — (Levitronix I X Y ik d 7)) 2Z2hztn
L7z, BN T —2 %25, 2EREREZER1ICTRT, 4207 A M r—XCffildh
TerXTA—=R %, R2ICELD TS, BB L7 X S IC, Levitronix .0 v 7' 0 [EHEH
%, Wk % 3.4 L/min DfECT—EICRB DD, 4 DD ZHICKE L 72, F v 7TH B DM,
A MR e Al B . Az CHIAETIZRE I VR R IR & E HHRICIRGE L 72,

F1: Ry 7oy Ty 7ORERER

5 At =rLiE|
la Levitronix BPS-200 - BRI ATRER v 7~y F
CRT YV VTV RAE—R—
- a2 bu—7 LPC-200.3 (77-19z7 C7.48 RO5)
- FEIERE S AL
1b Masterflex® I/P Easy Load *PSF vy v 7 /CRS R —X—
- Masterflex F = — 7" 06435-26 PharmaPure®
lc Masterflex® L/S Cole-Parmer - 7 ¥ Z L E#) 600 rpm
cHEHRY ) a vy Fa—T7 L/S® 36

okt

2 ey — Netech Digimano 1000

3 25 v 74 vAiE~L ¥ — Transonic Systems Inc, HIXL, @&
4 AF—NoXf Tafn -

5 F—=227 Vv TAMTr—=22, BRVCATDHH -

6 e RN A A A TIARF v I e—T—

7

/2 el R A S -
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1a 1b 1c .
(9
2@ N
3@- ®- @
5 X 5 X 5 X

X 5: ZHEEEEOHN, MEEKEEZ. Br—7HND 3 2DK v 7, Levitronix BPS-200 (1a) .
Masterflex® I/P Easy Load (1b) &% UF Masterflex® L/S Cole Parmer (1c) ik b, #+—ERZ & v b
KR E Nzt Tatn (4) THREIN Y+ —F—~R (T) For—n— (6) »LIERZ
. WERPENZ, BEW 2 7 v 74 VAFR e v I— 2) RUOEARYH— ) icXVE
Bl Fa—TORDMNTIZ. TAMNF—22, 3K 4ICBVT, x—227 Y v 7 (5) TER
L7z

K6: REEBDOEH, Levitronix BPS-200 (la) %. 2 D DHEBIHR~ Y X &K 7 Masterflex © I/P
Easy Load (1b) & Uf< Z Masterflex ® L/S Cole Parmer #-8! (1c) &R LCHREL 7=,




ZuYzs b LA— b

F 2 — U v e IGHRMARY: ZHAW

F2: FABLETAIN S —RDRFTAX—%
K HAfr Al 1 Al 2 a3 AER 4 E
s L/min 3.4 3.4 3.4 3.4 - B  EERoR, 7 7 v 7 v RiitE e v — 2 i
L. Vil % & HHr I HilE L 7=,
- DI REH) KE5%) 23H o7,
HE mmHg 5 190 288 465 cFa—TkE—=R27 )y ITREDMNT T, ENEFEL 72,
mbar 6.5 253 253 567
Levitronix BPS-200 © rpm 1500 3500 4200 5000 BT —E IR 72
[ i
F 2 — 7 Off DT -- L R—=RA | F—=R7 | FA=R7 | - EIROTHEE —E RO =0, F 22— 7 D% EHIR
7Yy 7| Vw7 Vw7 I HEAET L 72,
v —h—HND L 3.3 - BEEEEKR VT 2 — 7 RN ORED AN 3.4 Y v Py
HRERS R L7,
MRS R °C 37 cH—FRR Yy PICERINSEATF AN, Taf itk h—
TEIR - 7=,
HIE L 7= ek -- MREes B, A, Mz RE - M R & N7 % Cedex HiRes % U'NucleoCounter® NC-
(R, B, BER) 100CHED o7z, T LIETOHEEES v T AT O
HE R CRHEY (Fra—R, TiTbRd o1z,
TNRIV, TR VR L. CFHERORBEYRE R~V F AL F v =T F 74 ¥ —
TVEZT) BioProfile 100 Plus T/t L7z, 43 L b & TOHIE 2 &4
VTN D WNTAThIRd o 77,

10
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3. RRRUEZ

3.1 JE

4V v bR E—h—00R ) T OICHERRHZIES 2 2 & LKz 7 7 v 7+ v
EE VI —CHETZZLICX Y, Ry T NF A= IKET 2HE L kD72, KTICRT
oL, BCoORFE LT —RICB VT, 2 2DHERAMRETH 10~15 %D X 52> X BHE 54
2o TNHLDIEHL DX, HEHEMM TR VI —DOMTORETH 5, MEFHIFR S
. JAEIFH O F 2 — 7~HER UMEHCEME L TBIE X 1% [Transonic systems (2010) ] 23,
WL 729 o — 7 2T 2o S IcowTlt, [AloBRITRS T onkd o7, 1T
COERDH oD, 77 v T A ey —CHEINLTEEEZ, X L AERO/MICH
N7z K7 THIIE L 72,

a b
8 6
7 * REvY— & et Y-
v B 5{ | v ;e B
6 .
/.// n il ¥
= s A T i
E / g E 7 L
g 4 > e Bl &
= el =" -
= g o T
EJ ’ */.//: - h%‘) 2 = >
g g
2 T .
T 1T
145
0 ; . ; 0 - - -
500 1000 1500 2000 2500 20 20 60 80 100
v FHE [rpm] A 7HE [%Max]
C
4
3 -
£ 24
£
2
]
B4
w oY
0 T r T T
1.0 1.5 20 25 3.0 35

FHETE [L/min]

B7: RvYZ7DOFEEITH LT, Levitronix BPS-200 (a) ., Masterflex® I/P Easy Load (b) KU
Masterflex® L/S Cole Parmer (c) THIE L 7250&E,

11



7uy /7 FLFR—F F 2 — Y v e JOHEBEERS ZHAW

3.2.  BPS-200 Rv 7Ry 7k

Levitronix BPS-200 & v 7 ORI E T % 72010, [BlELEE % 1500 rpm~6000 rpm D #ii
WTZlLse, 77 v 74 VAR v —CiiEZzlE L 7z, F2a—7 %R L AFEERLF
CLoieHh—22 Yy 7Tt s 2 &C, BEEZZLT 7, HitEt v ¥ — OUIEHH 2
HR X T d 728, 10 L min Aiilj D it D AHIE T & 72, It/ T ko, EHLZF
VTHRETIE, 4 Y RIEEER Y T TR 2 RO S IS 2 R iUE KT
BRONT,

Ry TOREEHE DL 55 & NDF 2 —70fpOFEETELIENBZKLTLE
DT, HLAEFA—R2 )y FCRENEZHET 22 L3 L R0, L7zdio T, A4
PIEg 2 b L AR ICE T, K ZTEHE % 5000 rpm & BRI ZEEICIE LRD o T,

672
- 624
L 576
L 528
480
432
el L =1v]}
E 384
£ - 336 E 1500 rpm
—_ - 288 5 = 2000 rpm
R L oag R + 2500 rpm
H H + 3000 rpm
r 192 v 3500 rpm
- 144 * 4200 rpm
L 96 * 5000 rpm
) L 48 = 6000 rpm
0 | = — ; ! 0
0.0 1.5 3.0 45 6.0 7.5 9.0

Hiti# [L/min]

K 8: 1500~6000rpm D E7%x 5 [E¥nEE IC DWW T RED bz Levitronix BPS-200 X ¥ 7D R v 7k
IHEO %E"nﬁ“ifﬁ“ﬁ;f— & %Zl_:\“j‘o ﬁ‘i\ ;Fﬁﬂ%@y’%‘c X Df%fto

12
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3.3. E&NIT v x4 il

7y a V22 CRHEOBEY, Chemometecthic X Wit N=iE T v 41X, TH b —
YA (T 77 LN M) it oA R e e AR TH 5, MildNo (R
JUHD) FA-ABEOE{LERET 2 Xy cEEt I T w3 (e sig] o REE (ngh
Five™) [ZOWT, ADY —F v 7« ZA =TTl N7 v 40, BonEmELEy
FEWEAETH > THHHHOMIIENOELZ RS Z L 2FKiF L7 [Riesetal. (2010) ], &9
LzfilaN o2 iz, Mildox b L RGE L A BRI NT WS, LT, ENT v w4 2R
A b L AT L7 8% CHO #ifdicd £ L T2 0B 2 2#H&E L 72,

¥ 9a iC TR g X 9o, MBI e BGEERAR NS O -, MBI, 23, 5 R . wIHAME 1 x
0° cells/mL 2> 5 #J 2.6 x 10° cells/mL ~ & F5EBAEAICIEI L 7=, HEGEHA o LG TR S K O 5
T2 5B L, 2R ZFN 0.0378 h! L Tr 183 h k7=, b OfE L L 7-Mie%
(CHO XM 111-10) <, JFEHFIC I TH 5, L DEBRETIX, HEMIC 18~24 KD
EIRFE S O T 5, £ 28 RffilEE, MRS B 3 2 b IHIC A 2, BRAFT 5 7 v 2
— 2, MREEEAMT 2 2 LA HEEI NS (Kb SH) , Fific, TEEFEYTH S
AR OT v =T OREIR, RKEE 1.96 g/L KX 1.58 mmol/L £ TZNZ 3T %,
FE OB M CEREEYERE I X v, 87 f%Ic iz, EFERIZ 40 %% Y- 7=,

a b

100 3.0

4.0 —n— —=—w

4

& A Fra—=A

2.5 " FTYE=T
4 a

— 32 _ 80 .
£ \
~ I
= — —_ —
g 244 60 § =
& oy iy
S 3
= B =
16 t 40 gt
o H
/8
\‘;J
F o8| | xR 20

—r— 2fffkn

u— EFFE

0.0 T T T T 0
0 20 40 60 80 100

80
IR [h] IHEI] [h]
K9: PvZna—x250mLiRE 575 2alN0%E CHO HilEoMEES 2., (a) NucleoCounter
NC-100 CHISE L 7=#HfE# R, (b) BioProfile 100 CHIE L7z 7V 2 — AR OFLIBERE, TEI3H
ET—2 %L, WiZEREHRERT,

ﬁﬂ%&ﬁﬁ@ﬁm%%b6f\CHO%@®%@W@E&K%T%W%®%@ﬁﬁ%éﬂ&
2ot (K10) o XHEHAIC 92 %2> 5 86 %~LiENAMET L7ztk. WA X D &, 131
95 % ¥ TN, FIEHAORIGER I N, RIZICIZ, v T id, ZoEHFEERRTTIC
40 %ICE TR T L T2, 84 %DiE/1%2H L Tz, ZOEENIFHHRETNE TlEd %25,
AWgEE LTI fTb b o7, L2LAMRL, TULDFMREDOLD, A ML AEBRDM, 157
T v e A4 ZANESE SR O @EBREE 2 RO B 720 IR L 7 d o 72,

13



a7 FLAE—F F 2 — U v e ISR ARY: ZHAW

96

94

<
92
90 -

88 A

i1 [%]

86 -

84 -

82 T T T T
0 20 40 60 80 100

i fe] [h]

X10: FEHT7 v i X VEBONREIORKFEL, Eh%23HET 3720, MiEEA% 2 o0sFEN
I (272 av22%8R) ., 1 2BOH Y ZPA%SBRAKERL -,

3.4. AR I L AEERER

341. FEl1oTAIr—X

F1OTAMr—ATlX, 5—R27 Vv 7% {35 Z &7 <. Levitronix BPS-200 o [A[#5H
&% 1500 rpm ICFXE L 7z, fEER 2 BHIA 3 2 A O PIHH o A MIIE%E A 1% 2.38 x 10°~2.73 x 10°
cells/mL., EFEXRIIHIT % TH o7, I ra—R, AWM KIT vEZTEEIX. X 045
g/L. 1.89 g/L % 1*1.36 mmol/L TH -7 (£3ZM]) .

R3:  TEERGAIART OMIRRE BE R R OFIHAME

% Hfr fill

AR R 10° cells/mL 2.57 £0.17
i el 10° cells/mL 2.64 £ 0.17
AR % 97 £ 0.3
TNE IV mmol/L 0

TN VIE mmol/L 0.02

TN — A g/L 0.45

FLIE g/L 1.89
FTYEDT mmol/L 1.36

14
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H11IRT L IIC, 2200RY RAZKY 7T X0 RS NARER O MU X, YIHHE
2.5x 100 cells/mL 2> &, 400 53LAIC # % 21 0.46 x 10° cells/mL ;2 Of 1.2 x 10° cells/mL ~ &
KT L7z RYRZKY T TlE, EERORIGIE 253 Cic, 30 %I S S A K& O 4o i
DAL T 72,

ZDWEWIRD—F () 5~ A 10 %) X, F2— 7R T 5/KIC X 2 il E RO fARRIC X
2hol, BTN TE S, MA T, FlEiaEREm~OMIaEE 1C X B A + L
ZCIET 5 2 &R 5N T w5 [Boccafoschi et al. (2010) ] . #lgEBEICAET B L. FF
BHLAMZYY 7Y v 22ic kv nm v, AR, X EOERI R b L 28 TR X
NEZRDFAMr—2 (ke s av 34205 343) K505, MEED XY EL WK
TlLXoTHFHFEINETH A9, LA LAadrs, AFESNETF o, CHO ofiflgiEs icown
ToOEEIERIZ. RoFohhdr o, BT 2 L. FlRkOZE L Willle%EoEkizws
ICIERHCE o tz, Ldio T, MR 2TERSETH 3,

RYRZKRY T ERNBNIC, HOKRY T TOEMIBEE IR —ETH Y, HLEREOLH
IH2b00, ZNIEFBEFLMERTY Y 7)) v ZOBEEDHETH 2, EBKTHO
BPS-200 i#.0 A v 7 OAMAEEE X, 2.2 x 106 cells/mL TH Y, 220D<RY ZAZEY 7D
82 %K U444 % & KL T, FIEL » DTH TS5 WK T L7zDARTH - 7=,

a b

35 30

& Levitronix BPS-200
—4— Masterflex LS Cole Parmer P

3.0 4 —8— Masterflex /P Easy Load 25 " 4
— BEIE 3 'l\/ — "
= . 2 M T .

g 253 — \' ~ \ o AT —
) > \ - -~ =
= i _/\/ — —- = 20 ha—tu—a -
= T’ - e —9 ] N A
[ \ o S A

& 2094 *-1\ . = ~ — 1
s \ —— 2 5] v
= ., \ Py =
P . B
H S ¥ 0l
Z 104 Dt 2
= T~ H o5 Levitronix BPS-200

0.5 = — 4— Masterflex L/S Cole Parmer

—e— Masterflex /P Easy Load
HELE
0.0 r T T 00 r T T
0 100 200 300 400 0 100 200 300 400
¥ [min] FFfE [min]

B 11: 3.4L/min, HEAL CRERS ¢ MEREROSMEE () RUSHEE (b) OREHKE
. BERBEOMESEML 7,

BFIRER N LI, RYRZ Ry 7 CREMEEEOET S £72, RnZdns, ZoPEI,
Masterflex® L/S Cole Parmer ICEWT X YV BEETH . EEROMK TIRFIC 2.2 x 10° cells/mL 3
HIE X 172 Masterflex® I/P Easy Load 1% L, 2#fE% 1%, 1.6 x 10° cells/mL £ T{XF L
77o £ 272 a v 23 ICTCEHEHDEY . NucleoCounter NC-100 TOMAIZEEHIE 1Z. DNA Ik
AT Hatgklavikye vy v o (PD) ik 2E0ERiciEo <, Lzai- T, efifasiE
DT IE, BELZME»ORE IS T e T4 F - OIEERE Z 3% v X7 B oo
iR TH 2 [REMED D 5. 2K 7% DNA EHEOBA Z BT 5, Wl EH L &, ZD
fER & LTI O VAR ERNIC 31T 2 FEmEE A W2 & (8 147) X v, Vi
I X 2 MifEE oA IZERIN TR 5,
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100 \‘—E—J'——Lf

(%]

20 1 —m— Levitronix BPS-200
—&— Masterflex L/S Cole Parmer
—&— Masterflex |/P Easy Load
BiEEE
0 T T T
0 100 200 300 400

R [min]

XM12: HEAL, 34 L/min CERI 4L, MEBERICET 3 EFRORMKEE, BEEEOMDE
ML 7z,

AHREEDETICL D, 2200_Y ZZ Ky Fic k) EBR I N2 EBR 0 EFERIZ, 400 4>
(Ry 7%l 400 F3 2 2 LIS 3 2) DN THIHAED 97 %2> & 70~28 %D~ &KX
T L7z, WEAYIC, Levitronix BPS-200 TR & € -8B O BRI, &7 vk XI5 T
195 %DEWEOE T TH o7 (K12ZH) . DI ICEFEMET LTS &k, i
DifgIciE, HE, HlziE7va—ARRIAV2 I vakiETs e, 1.9g/L DEWIRET
FHEHREET A LICL VFACTE S, O Lk, BERECH I-BIEIN,

342. F20OTAIr—X

27T A7 —RICEWTIL, Levitronix BPS-200 %, #/E 190 mmHg (253 mbar) . [Alfz5®E
J& 7% 3500 rpm ICEE L 72o T OFXE TIE, TEHAH 1 OEER L FKD 3.4 L/ min ic 72 %, 1§
BREAMEET O WIEH D A MIFEZE 12 1.95 x 10°~2.22 x 10° cells/mL <. EGFEEKIIFI 93 % TH -

Tro 7N —ZARUVABOEL L, ZNZ10.18g/L kTN 1.96¢g/L TH -7 (F45H) .

M 13 1IR3 L9, TRTOFEERICE T, &YID 30 0 LAA T, A% 1B E O
2.1x10° cells/mL 2> &, #J 1.5 x 10° cells/mL Ofi~ (K F L7z, i3 MIEEE D 25 %,

AHINEEE D 36 %ICE THYT 2, ZOFEBETIE, Fa—T7ofoftdnt—227Y v 7ick
DI NEE, BHMOEEDF — = 2 — B 57225, TNLDENA—"—
2= FRZDEIBREFELVWEELLGZ -0 IINEITH L, TNULDOMEZET 2720, F
2 — 7 DREDAT I, RDOT A b7 — 2B T 2IEBROBAMRETICHHA L 72,
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#4:

TEERBAsART O, MAeHE R R REL O HIHE

oy Hfr fil

Gellioe s 10° cells/mL 2.08 = 0.14
Al e 5 10° cells/mL 2.24 £0.13
R % 92.8 = 0.7
TNE IV mmol/L 0.02

ZA SN mmol/L 0.11
Zra—=x g/L 0.18

AL g/L 1.97
TVEZT mmol/L 1.65

30~360 srDfEic, AT E X 0.7 x 10°~1.44 x 10° cells/mL DfEE T T L7225, & DK
THEETH 572D, P Masterflex® L/S Cole Parmer T V. Levitronix BPS-200 DK T
PERLIBLPTH DL EPRAVWEINT, 13b iR T ko, 2filEEEicsnwT, Fv 7
MR, ZITRONEro72, %1 DFEED X 5 i, Masterflex® L/S Cole Parmer &~ 7
TIEER X 7z M AR R 1% 4RI Nd LH1c, mDFLWKT Z/R L7z, Levitronix
BPS-200 Tix. mHID 2HEICEHE T2, #1180 %% TD X Y AHA(K T Dk, EFROEL D
IR T RO T IR I, EFETREACTOEERIT, FH1OEBHRI Y HFL KL
43 %~77 % TH Y. T TFRLE-EL T,

a
25
20
3
E
T 15 .
9 3+
Y \
E —
= .
N § B —
{%3 1.0 4 A
=
#
054 —m— Levitronix BPS-200
—&— Masterflex LIS Cole Parmer
—e— Maslerfiex /P Easy Load
HEEE
0.0 - - -
0 100 200 300 400
EFf#] [min]

Ao i [ 10scells/mL]

00

| —=— Levitronix BPS-200

4— Masterflex L/S Cole Parmer
—&— Masterflex I/P Easy Load

i

T T T
100 200 300

B [min]

400

13 : 3.4L/min, %/E 190 mmHg TR X & -filRERO 4 MEE () kUSMiEEE (b) O

Rk, BHEREOMES EML 7,
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100

80

60 1

AP [06)]

40

20 1 —m— Levitronix BPS-200
—#&— Masterflex L/S Cole Parmer
—&— Masterflex I/P Easy Load
BENE
0 T T T
0 100 200 300 400

sl [minl

B 14 : 3.4L/min, HHE 190mmHg CHEBR X ¢ 7=, HMARRERIC B 5 AR ORI, BERED
fE DB L 72,

343. HFE3IOTARFIr—X

37 R M —RICBWTIE, Levitronix BPS-200 %, FUEBSRIID 2 2D EE L [FAED 3.4
L/min 272 % X 5. &/E 280 mmHg (385 mbar) | [A#5#EE % 4200 rpm ICFE L 72, FEEREA
IRETOPIH O M E X, cnEFCcoFERmE KL XY &<, 2.68x10°~3.02x 10°
cells/mL DfECH v, EFERIRPIT%TH o7, TRETOEBEMNELL T, BBEKRTHIC
B RO v a—2BEIR, TobEboz (1.24g/L) , ABBEE R LT coREL
FRETH Y, 1.96g/L (£55M) THo7,

R5:  TEERGAIAR OMIRRE BE R R OFIHAE

% Hfr fill

A e 106 cells/mL 2.83 £0.18
S E 10° cells/mL 2.92 +0.13
GRS % 96.7 £ 0.1
TN IV mmol/L 0.1

Tnr Vg mmol/L 0.09

TN — A g/L 1.24

FLIE g/L 1.96
FTVEZT mmol/L 1.06
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X 15 1R $ & 5 e, AR IZBIAE O 3.0 x 100 cells/mL 2> & 400 5y DElic, il K v
7D 1.6 x 10 cells/mL., Masterflex® L/S Cole Parmer =) 2 ZF v 7D 0.8 x 10° cells/mL D
MClEMET L (M 1551) . 590 2 o0FEEE ik L <., 9o AMIaZE oK T i1k
XV AWTH o700, EERFHIBR A28, Fo @B A ML ABRAENE D

D, FH2Dr—ALFRKIE T L7z, 2o eid, AFERicX-oThbErnaInd (K163
B . MRS, LV EVE AWM A L RIGEIGT 2 2R TESZ LIFAEMTH Y, F
Zi3, MlEE HENEE, CHBER~LBET 20 coMIGhAMHEhTnw3, LaLl, &
DRI O OMEREICECTHEINTVWEIDATH Y, Sl AW 2 LRIk
TH2XVEVIESIZRTEBE LTk PREIR Y,

a b
40 35
—=— Levitronix BPS-200 !
35 —A&— Masterflex L/S Cole Parmer
1 —e— Masterflex I/P Easy Load
— v BEEE
'3 304 —— =
g g
~ ~
] 2
T 257 "©
& L
=] =)
20 A =
i i
8 15 bzl
g g
% 0 8 107
#H H
—a ————4 —— Levitronix BPS-200
05 05 4 —*— Masterflex L/S Cole Parmer
1 —e— Masterflex I/P Easy Load
v RHENEE
0.0 T T T 0.0 T T T
0 100 200 300 400 0 100 200 300 400
R [min] 5 [min]

B 15: 3.4L/min, %M 288 mmHg CTHEHR X ¢ /- {il0RER O AT E (2 XUSHREFE (b) O
KT,

100

80 4

60

A1 [ %]

40

20 1 —=— Levitronix BPS-200

—a&— Masterflex L/S Cole Parmer

—&— Masterflex I/P Easy Load
v BEEE

U T T T
0 100 200 300 400

K] [min]

B 16 : M 288 mmHg, 3.4 L/min TR & 72, MIRERIC kT 2 EFROKRMIKTYE, HEEED
fES B L 72,
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o s o 3 2L 22
7ayz7 bLKR—} F a2 — Y v e JCHRISRY: ZHAW aw
a b
16
1.4 4
— 128
|
b —
— 1.0 <)
ol o0 1
ﬁE 0.8 Jiadt
2
! s 12
N 06 >
= w
K 08
™ g4l
—&— Levitronix BPS-200 —#&— Levitronix BPS-200
021 —&— Masterflex /S Cole Parmer 0.4 4 —#&— Masterflex LIS Cole Parmer
—&— Masterflex |/P Easy Load —&— Masterflex I/P Easy Load
HEEE BEEE
00 T T T 1 0.0 T
0 100 200 300 400 0 100 200 300 400
(% [min] IE] [min]

R17: sra—2 (a) KUK (b) REEORRHKIE

koY, W ORI 1.2g/Lorrva—2%86F 2% (M1720) , £ 70+ R
D, YV INMCENT IV - AREOKT BTN, Rk e 7V a—RREZ 0.7~
1.03 g/L CT&H o7z, BPS-2003&E 0K Y 7T, FEE OHE OWHELH LA 4 mg/ (10° A *
h) THRLIESI Nz, TIFELZ7 Va2V 33 ICEHBLAIRE D 7 7 A aNOREERICH L T
RKOOLNZHEHE (T2 FIRET) ObIT2107D 1 TH 5, [FIRHCFLEREE 3P HA[E
1.96 g/L 206 2.05~2.33 g/L Ofi~ &L 7z, LA L7ad s, MR w72 E ks -
7 (BEEECORWEIAELo7) &

344. PFEAOTARIr—X

HADT ANy —ATiE, WE 425 mmHg (567 mbar) . Levitronix BPS-200 o [a]#iz#fE %
5000rpm ICFGE L7z, TEERBHARHTOVIHO AMIEE IS 3 07 A 7 — A LA T, 2.88x
10°~3.26 x 10° cells/mL DfETH v, EHFEXRIIFNIT%TH 72, TNFETOFr —R & HiT
2E, BF v a—RBEIZ1.09g/L THo 7255, FLURIEEOEIZ 1.39g/L &, XV {Epo
7= (F6zlg) |

xo: TERBAEEIO. MRREER CREOVIHIE

%oy HifiL il

Az 10° cells/mL 3.16 £ 0.1
S E 10° cells/mL 3.27 £ 0.1
GRS % 96.7 £ 0.1
TN IV mmol/L 0.17
TRV mmol/L 0.11

TN — A g/L 1.09

FLIE g/L 1.39
TVEST mmol/L 1.24
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18 127”3 X 9 iC, Levitronix BPS-200 2 Uf Masterflex® I/P Easy Load Tl, #&#]® —IKifH
DA, AR B e O I B D i 77 23, 2 D#) 60 %KX U850 % &, FHL K P L 7.
Masterflex® L/S Cole Parmer Ti%, HICABMARN 75 %D FErHE Iz, Z 0k, MilaE
FEIX D70 0 #ZCHITHK N L7z, Levitronix BPS-200 & Masterflex® I/P Easy Load Tli%, HEZE
ERWZINmD 5 7z,

a b
40 40
~a&— Levitronix BPS-200 —=— Levitronix BPS-200
354 4— Masterflex L/S Cole Parmer 35 4 4— Masterflex L/S Cole Parmer
—e— Masterflex /P Easy Load ) —8— Masterflex /P Easy Load
_ v BEEE — & v BEGE
= 30¥ = 30 —s
3] g Y
s A » ¥y = —¥ v
3 v v ERA v
5 26 v = 251 \
& & \
=] o \
= 20 = 20 \I\r
= = \ B —t —
et = \ — ———
815 — gl NS 8154 ——_
%__1 A g - e B = \ —y
= = == A
W 1.0 — n 104
Byl <H A
\ —\‘
y a— —a A
05 ~——a——— A 05 ke ——y
——
0.0 T T T 00 T T T
0 100 200 300 400 0 100 200 300 400
B [min] B [min]

B 18 : 3.4L/min, M 425 mmHg CHEBR X ¢ -{il0RER O M FE () RUSHIREFEE (b) O
ki, BEEEOMLEML 72,

100

80 -

L 60
B
ia
:H-] 40_

20 4 —m— Levitronix BPS-200

—&— Masterflex L/S Cole Parmer

—@— Masterflex I/P Easy Load

—v— HEEE

0 T T T
0 100 200 300 400

R [min]

B 19: 425 mmHg, 3.4 L/min THEER & & 7-AIMEMRICIH 1 5. NucleoCounter® NC-100 TR b 1
T AR ORI, BEREOME L EML 72,
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NucleoCounter® NC-100 754 22 X Y B b N - AFER o KR ERIZ. 2hEFTOTF AT
g— 2 U CHAREICE R 5, &Y v 7t 97 %o {ETEAMG L. Masterflex® L/S Cole Parmer
DAEFRIT, &PD 30 7UNT64 NETIHELE, 20K, K175 %F ML, EBHKT
FTIRIFT—ETHoT, ZOEFTINTTOFEEEEL CXKHI XN, FHETIIRnwX )i
Bonzh, GHEIHHZ W23 2 & B TERD o7, Masterflex® I/P Easy Load X T}
Levitronix BPS-200 (&, 1ZIZ[E—D#i#RA GO N7z, WA DO R v Fics T, &#D 30 70T
AFEERIIF80 T TR T L, ZDKkiT 6 FFEICIED IZIT —ETH - 722, BT EchbT
DI "R LTz,

NucleoCounter® NC-100 TOAEHFRDOFER B FIEINTH o 72720 BIIIC, Cedex HiRes +
NAY vV R—T, BERZPRE LTz, M2012TRT X912, CedexHiRes IC X W o724
R, IhEcicidili I nzfRe Xla s, wIHHO4EF#H L, NucleoCounter® NC-100
DR LB L T K<, #1905 %OETH o7z, A DRMEICH T 55HEH» 6,
Cedex HiRes®IZ X b 5 172 2EF*K X, NucleoCounter® NC-100 DGR X H ) 5~10 %
B bR T DB, EFRIE, &IID 30 77 BANIC, Levitronix BPS-200 & U
Masterflex® I/P Easy Load Tl3#J 80 % % ¢, Masterflex® L/S Cole Parmer = Y 2 X K v 7'C
12664%ECTFEL, CoZlFAdOT -2 LRA%ETH L, ZOH, TXTOF VY I NICE
WC, EFET T BAEREPECHICHIDT LI EBHL IR 5T,

100
80 A
—
X 604 3
.
&
'H 40 ~
20 A
—#— Levitronix BPS-200
—A— Masterflex L/S Cole Parmer
—&— Masterflex I/P Easy Load
0 T T T
0 100 200 300 400

KR [min]

M20: 407X Fr—2cBWT, Cedex HiRes I & 15 & 7- AR IER 0 4 R O BRI et
BB OWTIE, BMOHFEEERL ind o7z,
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34.5. HEERHIR P L ROBEMNIEE

7 v a v 23ICCRiEoMEy, AR SIS E o fhic, EEER, BE R OEEMEE
HOBMDAT X —2%, HEj kL v &Z—CedexHiRes i X VB oz, EoT, 2T bH
DNT A= DS, B R b L X DIRICHHETH 2 08B 0% 7M1l L 72,

a b
16
14 4
12 4
€ F
°
10 @
= 2
¥ 8 il
] 2
=
£ 5l E 4
x oy
44 4
—— Levitronix BPS-200 —=— Levitronix BPS-200
2 9| —a— Masterflex /S Gole Parmer 21 4— Masterflex L/S Cole Parmer
—&— Masterflex I/P Easy Load —®— Masterflex I/P Easy Load
0 T o T T T
0 100 200 300 400 o 100 200 300 400
I8 [min] 1% [min]

K 21: CedexHiRes®ick VI DFRA I —2 () KUE4DTF A —2Z (b) iconwTEb i
EHNREE D RERIHEE,

AR O R FE 0 AN 72 75 7 % X 21 1T 5 2 5, BT R o g fifa sz 15
pm T, A OEBETIE, HIEHR S A7 LG CHENCAbN S, P& —
ZiCBWT, HERREREEAREL R3O0 TP T3 e BnRwEah, B30T R
k7 — 22 BT, Masterflex® L/S Cole Parmer & v 7 ¢, “FEMIEEIZH 9 um £ KT
L7z, HEARDEVWE X, Tpm 2 THZET L, fFoiz (K21b2H) . —77. F 1
DT AT —AICEWT, Levitronix BPS-200 TiZ, DT ARZ{t LR w23 hd (7%
R I ) o 2o, MilAEFROKERED 72, FEEI Nkdr o7z, 5T UE. M
OO T I, MfdoE AW A ML 20N EEKT 2, RADOERECER LT TD
I CHgEI N LS IC, ZoBRIE, #HH L7 CHO fildicfb#R A P L A% 5 2 7-
FRicd £72, BAEMLL TV 5,

X 22 1R T Lo IC, A L xRSz onMildTcit, 2o —2Be X b7 L
DX v/hEEZICR SN, 2T, 200 IBEEICR 1S 2L EAEKRT S,
D kid, MfEEEPe R RIS OEIC X VEIHTE 2, L L, B PL e b725
Il e ofilic, HERMERERBERIIRO O b o7, T X ) RBEEIC XY, MlaeE
I, CAMIA P L ADEENELEL LTORMEMT 52 TH 2,

X 5T, MIEBERE M CEBERDO LA R bz 25, ML IR, chbn 225085
A — RICOWTRR L EANITERCE hd ol (F—RIIRIB) , fEoT, Fb 13
WA P L 2T+ 201 L Tkt 5 Th 3,
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Hlllao ¥

RO R L2 F ST A

ABEEE [nm]
*CoHEE, ERUEREREFoT<ToEFERETL T ET

Cedex HiRes i X Y &b Wi-HlfgRosEN A 2 + 77 4,

a
- AR OB LR F T L
@+
awm
g
2
E]
n
o
[ A ! i
L] @ £ a
AR [pm]
*Z OB, ERARELEEE HO TR TOEEREE R LT T

HIREFLEN 122 X BB R b L X EHl

INFEFTOETZ Y avyTilibnz X Hic, BE CHO MAZICD 72 6 2B = + L2

(@ RAPLREZITORVGHIERT b) BEHR FLREZUMEC, by v x—

. AEMREEE, Rk OEMOEE O &M% E N3 2 T b 2 AR oK FEEIC X > T
FEM L 7z, LA L. E7n 2 BRI 2 b L 2l % BUC KRR AL © T3 0 & T E B R S OC L
FTH2ZLEFEHLVOT, ®7vav 24 THBALEZ XY K, —ROMILEN 12 RKE L, &
FERIT DT OMBISEHE Z 5HE L 72,

L - ISR E ko R O ERBIR2 # R 7T ICHEH L 7=, BEL T, BPS-200=.00F v 7 DIE

TERE

PEHPARICTE > T, RYRZFY TOIEREL D HEFL KW & HBfF T

%, ko (EMIIOZE ORGELZ MEOHEE IC X VKD T) BMEWETH 2720, [HiFET
L TIRHSERED (0.162~0.544) L7 b L ARFEFEREL 7o 7z, MERIIC, <) 2 4R
YZIBOWTERERZAMBR SN (R2>0.85) . 2D &t AHIEEE R —XHER I
Lo THMCTPRINEZLEZRLTW S,

R 7 : MIRZFEB) 1% D BRI HTRE R

Vil £ Levitronix BPS-200 Masterflex® Masterflex®
L/S Cole Parmer I/P Easy Load
[L/min]  [mbar] kp [h'] R*[-] ko [h'] R*[-] ko [h'] R®[-]
3.4 6.5 0.009 0.203 0.141 0.903 0.052 0.946
3.4 253 0.020 0.272 0.133 0.982 0.046 0.996
3.4 385 0.017 0.544 0.077 0.894 0.045 0.876
3.4 567 0.013 0.162 0.072 0.769 0.075 0.933
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Levitronix BPS-200 1%} L T8 & 7= ISR EIIEE 2 0 7 — 2 CTld, BB 1 o7 — 2 X V0
L7z (kpid 0.009h! 2> 5 0.02h!~tBXZ 2f5ICkoTWw3) o BEMIA P L 2K D &L
o2 bicit, 2200HABHY 93, 120F, IVEVEMA ML RIRYyTFZDH D
KXV b7zb3nfGFs, CFD v 2L —Y a v [Zhangetal. (2006) ] 25579 X 512, KAV
THERETIZE, NV TN TOREEE T, MAEEERL I #HwZ e (Ry 7 7L —F
DFENHRER X VN LICHIET 2) 25, LA AXEIC K Y ERBLEI NS X Y #HWELR %
7253, Chua b (2006) ¥, L A4 /7 A XEH) 78'500 A% 2000 rpm O [AIHEHEE IC XTI T % &
HEE L7228, 2oL A4 AREUT. s 7o 2ic Bl X n 2 B 7a L 4 2 v Bk
DT o LB, MREHED, = XICHEEGRWIFRW S L L TERSINIELRIE. £ 08
AT EEIRIC D 72 D XN BB A F L ADJEK & 72 3 [Chisti (1993) : Christi

(2000) 5 Wollny (2000) ] .

B 23: CFD CFHIL 7. EVFNERCHEAL 2R L RO T bz F 2 — THEO, BE
(i) HAERUCEABAR GH) . FEEECEEZRL, FRMENELRT, FBAihA
FIERAROFERER 7 vtk Db REhTn 3,

—H Tl F207r—RICHIF 2 XY ECHIIEEEG IEF 2 — 7O ic X b FH S G
%, [AIL 3.4 L/min DIz ERT 5720 F 2 — 7%t —R27 ) v 7ThidfHF, #7250 mbar
EVIHIIVEWEIEEREL SR, 2OXSILT B e, BAL—Tic, EABILE R RS B
3B U 72BN 22 GLIRAEIR AN E A X 3 (K23 217) , kb <, MR RELER S 2\ (1%
FAWAED EH LI X VB HEI N pIER I LT 55 [Wollny (2010) ] . &L
Kz T, REARFEELBRDTRAESTZNEH O FERBEREELZLNTWE, LELAEXED,
200X Y ZAXF Y FICL YO NTMIETEFEIL 2 oD E T, RELSE{L 2w (K
23 #4352 &) . o T, Levitronix BPS-200 pump iC2W\WT, 2 DT A b7 — AT
LN XD @I TIFA A b L RE, ENEEZGI R &% Dfid T ok Tldk
KL Ky 7HO XY @EOREGEE OB TH 5 LT % %,

FRIZKLT (L2 L, 3§ TIIENORBE(LTREN TV 2) | MIESEIREILEE 3 U 4
DT AT =2 (X YHREHEGEE %5 KFEN%ERT) T L 7225 72, Levitronix BPS-
200 1A LT, BH X472 kp 13 4200 rpm X T 5000 rpm 1K LT, 21 £ 4 0.017 h'! R *

0.013h!TH 57z, Masterflex® I/P Cole Parmer Tix. X b EHWwRy F#EEICH LT, kp DK
Too@gInk, <, MIFEFHEEIZDT A, #0.075h' TH 57,
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0.16

N Levitronix BPS-200
EZZ Masterflex I/P Easy Load

0.14 7 ] Masterflex L/S Cole Parmer

0.12 4

0.10 ~

0.08 -

0.06 -

HNTE Rk, [ho)

0.04 -

0.02 ~

0.00
7 2583 385 567

#IE [mbar]

X 24: 32DFY FicoWT, Levitronix BPS-200 @ [MEEE & M8 L <& b /- MRS AREL

v 7 v av343 RUN344 THBALZ XS iC, MIREEERICRET 2 F B v ik, EREROBA
AR L ORI TIRHICRE T 2 7V 2 — AR hh D EEE /R & TH o7z, 2.0x10°
cells/mL T8 2.5 x 106 cells/mL ICHt_ThH T Ici v, 3.0 x 100 cells/mL OANRE 1L, #5
BICHBELREEYGT 2 FEINE VG, 2 v av 343 Cchilzkdic, BET 22
Ao — 2 3HE X NA, MIERIE R BRI N A oz, (6o Ty HEITHERRBCINE &
N, 2O EH, dLLib, MEEERPTRAENFIHA L RIS 2 Ec, BENIC
HELWIHIREET 220 LAV EERTE 2, MAT, RUID 2 >DOFEERICHH X -l
gz, BZHLINX I VR TZAva—RBEEMEWZ LIk ) {LFERICA L2 %EZT 72
DTRAEVPLEDNS, Zra—2EL A LOMIERICHHEDKEMBIHTH Y, I A&
TRV Y, Y IV VRET I EOARICEEAMHEIECTH 2 [Kretzmar (2000) ]

TR b= A, AR R ST Bl AT @ pHAAESFE D(LE R b L R ICEEFRE S ., AllakEE
WHBMNIC X VIEGEE2Z TR T Rzt LM THDE, LrLarBs, {LFHA b
L AR A b L ZDHBREDRICOWTDOXERD T — X IZHOH 575D o 72, €T,
INHLDOHRIZI HICKREEL R T N7 570,

4., iEmiEBE

K7ay 7 FoHWIE, WREKEIDE LR~ 7 Levitronix BPS-200 12 X - T CHO #ifig
KH70INIHMIIA P L RAZFHET 22 TH o7z, TOHMDZ®IC, 1500~5000 rpm
DHEIFAIC I\ TR 7 2 BlinEE CHRE 21T 2 72,

WA P L 22T 27200, B2 57 222872, PEMEABRTIE., 7o
7 FEHEIcBWTIREINTWE L Hic, Ky 7HE~0@EEMELDH 5 0%, Chemometec f:
KX VIRMEEINAENT v A THRERTo 72, PRICK LT, HfaEsE,. Mias s . EhH
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(HifFEITLF A —VEFRICKX VR EIND) LOBICBRIRERWEZINEr o7k, 2 O0D%
5 HEe LAY v & — NucleoCounter® NC-100 ;2 Uf Cedex HiRes 2 X 0 | ZEHIFEEE K&
OEFRICOWT, KV EE LR ZG, MM R b L 2 2% 075613, Ll
DG 2 il 2 BIE L 72 PR K CHINEE BEAE 0B DX 7 X — & % 5Hii L 72,
HIRAEE R O % Do3A IE, BEMRI R b L R OFEFICHE L T 5 & L 2UR S iz A3, ERMAER %
RwiEdotixc&hdr oz,

xRy 7T XD 726 5 8E CHO Mt~ 0fEkiy 2 b L i, i, MGk s
BTEXT, BUID 2O0DFEBTIZ, BOLFY FIconT, Ky 73 E (EHCdhsd 3) 22
B, MAEG LWL < s Z &, MR X VRS, HIRVELDOT R
Fr—Rd, Ry 7HEAZBICHENIETH, X o P EET 2 oM Th %
2. X SICHIIIEEAM L 22 3RTlE R L &R L7z, BETICRR7 X 5, LR b
LRAICKYVBERINDZ EBHON TS, WHENE TR (THEF—VR) 28, FEL
Tw3 e TPlEING, B GEH LK CEMIEDE AW A b L A~DISE X, 227 Y G4
T»H 2% [Kretzmer (2000) ] , > T, TNODHRIZE HITHEEL 2 F X7 &7,

B p Ry 7 LRSI T, B A L 2R ERL L., ERMICHKT 2720, —ROM
RO N1 % RE L. BIRETVEME L2, ) ZAX Ky T2 Tld, BREFRIEM GRE
BRECEKING) 55 N7, Levitronix BPS-200 &0 v 7o nWTld, MIEFEREILE L
CINZWHREREL (R?) ARWZE I N, Zd, FHETE 7= BIESEE G U A &
PET LA, XiZbTHrIE T LAEZTTHIDT, ZYTHS, Ld>T, REINT
B F IR A P L 22T 27200 X b 2B ICHEHATEE L5425,

M 2HE TR, B 2MEOREDEZER T REITH L, AWK TR, T ToOHRERZ FuE
3.4 L/min TEHL 7=, MNEARKIF 2 —7HNo2WEITZ 3.4 Y v bric L, Mifgsse
BV —T% 1 UWNICIERT 2 X 5 Ic L7z, MR Z A L 725250l AL ~ v 3B 2
FLRADOKE I RUCBRBREOM G KT 5 2 L BEIEEI N TV 5 [Bludszuweit

(1995) ; Giersiepen et al. (1990) ; Yeleswarapu etal. (1995) | , M@ &R D K v 7N
BRIC 31 2 WA REE N G 3 2 BB L, B 2 iEM 7 —F v 7R ) 2 — 4 X W 2L
IHBENTE T,

I, FFEEVFNAE Y AT L TOFEDITIRETH 5, AWFFETIE, BB A P L2~
DIGEDZALIX, HH T N 2 MIlEEER O (BB 7 v X DM BEY%E) 1R S 2 Araet:»
Hotoo HERTIZ, Kz vy 3 v XIIK T - K Y = =R TEDO R 558k 2T 45
LE TN Tw3 [Wollny (2010) , Stintzing et al. (2008) 1 . ki XIdiEeE (0fh) 1ZiRAEN
FINTHRFE L, BRI R P L X fEfE e LT3 2 2 L 23A[RECTH 5 T L %I T LT
2, TNLDY AT LADOFEEAFSIX, EYFNFERE L <, BRESEL. a2 PRI
WcExsrzLThd,
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Application note No. 3005. Rev. 1.1

NucleoCounter® NC-3000™

chemometec

Vitality assay: Analysis of the level of cellular thiols using
the NucleoCounter® NC-3000™ system

Product description

The MuclecCounter® MC-3000™ system enables the
user to perform automated cell counting and anakyses
of a broad range of eukaryatic cells.

Application

This protocol for the MucleoCounter” NC-3000™ system
enables the wser to detect changes in the intracellular
lewel of (reduced) thiols. Such changes may ocour in
apoptotic cells or cells undergoing other pathological
processes. As the intracellular reducing power available
to the cell is an indicator of overall health status, this
assay provide a very easy and fast way to evaluate cell
witality.

Introduction

This application note describes a method for
investigating apoptosis and cell health by determining
the level of free thials such as reduced glutathione. The
tripeptide glutathione exists in two forms, a reduced
state [G5H}) and in an oxidized state; glutathione
disulfide [GS5G). In the reduced state the thiol group of
cysteine is able to donate a reducing equivalent (H'+ &)
to unstable molecules such as free radicals. In donating
an electron, glutathione itself becomes reactive, but
readily reacts with another reactive glutathione to form
G55G. G5H can be regenerated from G55G by the
enzyme glutathione reductase. [(See Figure 1.

MADFH # HT WAl

M S

mmm

i —
Guwthioradedlide (5553  [RONRO]  Feducsd plusthions (32H]
Fres muirals.

Figure 1. Glutathione redox cycle. The flovin odenine
dinucieatide [FAD)-dependent enzpme, gqlutaothione
reductase reduces G356 to GSH. When the cell
encounters free rodicals, the antioxidont G5H reduces
the free rodicols, thershy itself becoming oxidized to
GL5G.

Chemobdetec A5 All Rights reserved

G5H is the most abundant low molecular weight thiol in
animal cells; thus, s oxidation status  largely
determines the thiol-disulfide status of the cell by thial-
disulfide interchange reactions. Moreover, G3H is
imvolved in many cellular processes including guenching
of free radicals, drug detoxification, cell signaling, and
cell proliferation. Alterations in the concentration of
intracellular G5H have been demonstrated as a
common feature of many diseases including AIDS,
neuradegenerative diseases, and cancer.

A decrease in cellular GSH concentration is an early
hallmark in the progression of cell death in response to
different apoptotic stimuli. Studies hawe shown a
correlation between cellular GSH depletion and the
progression of apoptosis. The decrease in G5H level in
connection to apoptosis seems to be attributed to two
mechanisms; A) direct G5H oxidation promoted by
radicals and B) export of G5H throwgh an ATP-
dependent plasma membrane transport system which
is triggered by the initiation of apoptosis. When G5H is
depleted, the cytosol is shifted from a reducing to an
ouidizing environment, which may lead to a further
depletion of G5H.

This assay provides a very easy method to quantify the
amount of free thiols at the single cell level. The stain
VitaBright-48 [which is a component of Solution 5)
immediately reacts with thiols forming a fluorescent
product. By quantifying the fluorescence it is possible to
determine the level of cellular thicls, and thus
determine cell health.

Principle

In this application note, a method for measuring the
cellular level of thicls is described. The cells to be
imvestigated are mixed with Solution 5. The sclution
contains three different reagents: a stain staining all
nucleated cells, a stain staining dead cells only and
VitaBright-48™ which stains viable cells in an intensity-
dependent manner depending on their level of thiols. A
high fluorescence intensity of a particular cell indicates
that the cell has a high level of thiols such as G5H.
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The stained cells are immediately loaded into a MC- displayed on the PC screen. By comparing histograms
Slide: either the 2-chamber MC-Slide A2™ or the 8- of treated cells to controls the fraction of cells with low
chamber NC-Slide AS™. Samples are analyzed using the vitality (e.g. apoptotic or stressed cells) can be
NC-3000 system. A fluorescence intensity histogram determined.

showing the distribution of thiol levels in all cells are

Procedures

If the cell line to be investigated is adherent or semi-adherent, then start by getting all cells into suspension using the
preferred method of your laboratory (e.g. trypsin/EDTA treatment). Although the MucleaCounter NC-3000™ is able to
count aggregated cells, the accuracy is higher for single cell suspensions.

Materials needed
+  Cells to be stained *
#  Solution 5 (VB-48-F-AD)
*  NC-Slide AZ™ or NC-Slide A8™

* Cells provided by the user.
# An untreated control should be included. Preferable, use logarithmically proliferating cells as contral.

1. Pipette a representative cell sample from the cell suspension into a microcentrifuge tube. Add one wolume of
Solution 5 into 20 valumes of the cell suspension. E.g., if the volurme of the cell suspension is 190 pl then add 10
ul Solution 5. Mix by pipetting.

2. Engage NucleaCountar” NC-3000™ by starting the accompanying software.

3. Depending on the number of samples & 2-chamber slide [NC-Slide A2™) or an B-chamber slide (NC-Slide AE™)
can be used.

2. MNC-Slide A2™: Load 30 pl of each of the cell suspensions into the chambers of the NC-Slide. Place the
logaded MC-Slide on the tray of the MucleoCounter® MC-3000™ and select "Vitality protocol” and
sample unit MC-5lide A2™ and press RUM.

b. MNC-Slide A8™: Load 8 pl of each of the cell suspensions into the chambers of the NC-Slide. Place the
logaded MC-Slide on the tray of the MucleoCounter® MC-3000™ and select "Vitality protocol” and
sample unit MC-5lide AB™ and press RUM.

Cellular fluorescence is gquantified by NC-3000 and the VitaBright-48 intensity is displayed in a histogram. Cells with a low
lewel of thicls [e.g. apoptotic cells) also have a low intensity score, and are thus found in the lower end of the histogram.
By placing the marker in the histogram, the user can divide the cell population into two {or more) subpopulations; e.g.
divide the cell population inta a fraction of cells with a low thiol level and another fraction with high thial level, and if
desired, an intermediate thicl level cell subpopulation. Typically the histogram shows two distinct populations, and in
this case the marker is placed in between the two peaks (See example in Figwre 2). The markers can be stored and
retrieved in 2 new histogram. Thus, the pasition for the markers can be determined using an untreated control, and then
retrieved for the treated cell zample. As nonviable cells always have a very low level of thick, only the fluorescence
intensity of wiable cells is represented in the histogram.

Chemobdetec A% All Rights reserved
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Untreated MCF-7 cells Mocodazole treated MCF-7 cells
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Figure 2, Fluorescence intensity histogrom for untreated MCFT cells (upper left panel) and nocodazole treated MCFT celis
({upper right panei]. Nocodozole tremtment couses o decregse in the level of thiols in o subpopulotion of cells |

quantitative comporison possible. Below is fluorescence intensity histograom for healthy Jurkot cells {lower left panel) and

starved Jurkat cells (lower right panel). Stancation couses o decrease in the thiol level of the cell population seen s a
decrease in fluoresc inte

Note

Ta assure reliable results, it is recommended that the total cell concentration of the cell suspension should be in the
range of 5-10° cells/mL ta 5-10° cells/mL. If the concentration of cells is below 510" cells/mL then the cell concentration
may be increased by centrifugation followed by resuspension of the pellet using growth media or PES. The resuspended
cell sample is then trezsted as described above.

If the total cell concentration is above 5.10° cells/mL, the cell suspension can be diluted with growth media or FBS to
achieve the desired concentration. The diluted cell zample is then treated as described in the procedure.
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