
 

 

Poster 95 - page !

Virial stress-A key control parameter for immobilized hybridoma cells  
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INTRODUCTION 

 

.0/"H5/38'*8,1",-" 81*/51&)"F/'0&18'&)":*5/::"2/1/5&*/3"I8*081"8FF,=8)8J/3"'/))"H,H()&*8,1"0&:"*0/"

F&K,5"8FH,5*&1'/"-,5"F&1+"=8,*/'01,),28'&)"&13"=8,F/38'&)"&HH)8'&*8,1:G".0/"',1:83/5/3":+:*/F6"

8G/G"F8'5,L=/&3"',1:8:*:",-"*I,":(=:+:*/F:M"H,)+F/5"0+35,2/)"F&*58N"&13"38:H/5:/3"'/))"H,H()&*8,1G"

.0/"'/))"H,H()&*8,1" 8:"/1*5&HH/3"I8*081" *0/"F&*58N" 81" *0/" -,5F",-"')(:*/5:G".0/"F,*8,1",-"'/)):" 8:"

5/:*58'*/3" *," *0/" F,*8,1" ,-" '/)):" I8*081" *0/" ')(:*/5:G" .0/" 81*/5&'*8,1:" =/*I//1" ')(:*/5:" '&1" =/"

1/2)/'*/3" =&:/3" ,1" ,(5" /NH/58F/1*&)" ,=:/59&*8,1:" #O&K8'LP8K&D,98'" ?G6" >QQR=$G" .0/" 1(F=/5" ,-"

')(:*/5:" 8:" &HH5,N8F&*/)+" *0/" :&F/" 3(5812" *0/" '/))" 25,I*0G" ?1" *0/" &=:/1'/" ,-" /N*/51&)" -,5'/:6"

',FH,:8*/" :+:*/F",-" '/)):" &13" 0+35,2/)" ',()3" =/" *5/&*/3" &:" 8:,*,H8'" #&13" 0,F,2/1/,(:" ,1" :'&)/"

F('0")&52/5"*0/1"*0/"'/))":8J/$G"S/1/5&*/3":*5/::"81-)(/1'/:"=,*0"'/))"25,I*0"&13"H5,3('*"-,5F&*8,1"

I8*081"0+35,2/)"H,)+F/5"F&*58N"81"*0/"-,5F",-"F8'5,L=/&3G"?*"5/H5/:/1*:"*0/"',1:/T(/1'/",-"),&3812"

',138*8,1:"I8*081"H,)+F/5"F&*58N"&:"',FH5/::8,1"813('/3"=+"'/))"),'&)"F/'0&18'&)"H5/::812"*,"*0/"

:(55,(13812"3(5812"*0/85"F,9/F/1*"&13"25,I*0G"%,5"F,3/)812"*0/"2/1/5&*8,1",-"*0/"81*/51&)":*5/::6"

8*" 8:" 1/'/::&5+" *," ',11/'*" *0/" ),'&)" ',1*58=(*8,1:" ,-" '/)):" I8*0" *0/" *,*&)" 81*/51&)" :*5/::" #9,)(F/"

&9/5&2/3" :*5/::$G" P,'&)" ',1*58=(*8,1:" ,-" '/)):" 5/H5/:/1*" *0/" 5/:()*" ,-" ',FH)/N" =/0&98,5:" ,-" '/))"

H,H()&*8,1G" U/))" F,9/F/1*" 0&:" =//1" &)5/&3+" 3/:'58=/3" &:" ;5,I18&1" F,*8,1" &13" /NH5/::/3"

:*&*8:*8'&))+"(:812"P&12/981"/T(&*8,1"#<*,D/:"UGPG"/*"&)G6"!VV!W"X'0&=L4&5'81/D"BG"/*"&)G6">QQY$G".,"

,(5",H818,1"*0/"H5,'/3(5/"H5,H,:/3"=+"?59812"ZG[G"&13"\85DI,,3"ZGSG"#!V]Q$"I,()3"=/":(8*&=)/"-,5"

3/:'58=812"*0/"),'&)"81*/51&)":*5/::"I8*081"*0/"'/))"H,H()&*8,1G"X1"*0&*"I&+6"I/"(:/"F8'5,L50/,),2+"

&HH5,&'0" :*&5*812" I8*0" =&:8'" &::(FH*8,1:" ,-" .0/,5/*8'&)" 50/,),2+" 3/9/),H/3" =+" \85DI,,3" -,5"

',1:83/5812" *0/" H5,=)/FG" .," ,(5" ,H818,1" 9858&)" :*5/::" #[8))" .GPG6" !V^_$" '&1" =/" &):," :(8*&=)/" -,5"

F,3/)812"*0/"81*/51&)"F/'0&18'&)":*5/::",-"'/))"H,H()&*8,1"I8*081"*0/"F8'5,'&55/5/:G"`/"/NH&13/3"

,(5"H5/98,(:"',1:83/5&*8,1"#O&K8'LP8K&D,98'"?G"/*"&)G6">QQR&6=$"&13"-,5F()&*/"*0/"1/I"-5&F/I,5D"*,"

',11/'*"*0/"'/))"25,I*0"3+1&F8'"&13"FB="H5,3('*8,1"I8*0"*0/"F/'0&18'&))+"813('/3"81*/51&)":*5/::"

I8*081"*0/"'/))"H,H()&*8,1G""

"

MATHERIAL AND METHODS 

 

Experimental:" .0/" '/))" )81/" (:/3" 81" *0/:/" /NH/58F/1*:" I&:" &" F,(:/aF,(:/L0+=583,F&" -,5"

H5,3('*8,1" ,-"F,1,'),1&)" ?2S" #D813)+" H5,983/3" =+" ?bcO6" d/F(16" </5=8&" &13"4,1*/1/25,$G" .0/"

'/)):"I/5/"25,I1"81"e()=/'',f:"F,38-8/3"c&2)/f:"F/38(F"#e4c46"<82F&6"<*G"P,(8:6"4X6"7<B$"

:(HH)/F/1*/3"I8*0"!Qg"-/*&)"'&)-":/5(F"#%U<6"<82F&6"<*G"P,(8:6"4X6"7<B$"81"R]"F)"*8::(/"'()*(5/"

-)&:D:"#%8:0/5"<'8/1*8-8'$"&13"81'(=&*/3"&*"AR
,
U"81"&"0(F838-8/3"&*F,:H0/5/"I8*0"]g"UX>"81"&85G".0/"

,H*8F&)"3/1:8*+"I&:"&=,(*"QGAN!Q
]
"'/)):aF)6"I08)/" *0/"3,(=)812" *8F/"I&:"&=,(*"YQ"0G"U/))"',(1*:"

I/5/" /1(F/5&*/3" (:812" 0/F,'+*,F/*/5" &:" &1" &9/5&2/" -5,F" !Q" F8'5,=/&3" *0&*" I/5/" H5/98,(:)+"

F/'0&18'&))+" 5(H*(5/36"I08)/" *0/"'/))"98&=8)8*+"I&:"&::/::/3"(:812".5+H&1"=)(/"/N')(:8,1" */:*G".,"

3/*/5F81/"*0/"',1'/1*5&*8,1",-"FB="H5,3('/3"&1"/1J+F/L)81D/3"8FF(1/L&3:,5=/1*"&::&+"#cP?<B$"
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I&:"(:/3G".0/"',1*/1*",-"&"R]"F)",-"*0/"F/38(F"I8*0"'/)):"I&:"',))/'*/3"=+"'/1*58-(2&*8,1"#!Q"F81"

&*"!QQQ"5HF$G".0/"'/))":(:H/1:8,1"I&:"-(5*0/5"F8N/3"I8*0":*/58)/"b&L&)281&*/":,)(*8,1"#!G]"g6"\/)',"

S/)"Ph$G" "<H0/58'&)"35,H)/*:"I/5/" -,5F/3"=+"/N*5(:8,1",-"b&L&)281&*/a0+=583,F&"'/))" :(:H/1:8,1"

(:812"0820"9,)*&2/"2/1/5&*,5G"B-*/5"2/))812"*0/"F8'5,=/&3:"I/5/"H)&'/3"81"3,(=)/"38:*8))&*/3"I&*/5"*,"

5/F,9/"(1L5/&'*/3"F&*/58&)"&13"),I"F,)/'()&5"I/820*"=+H5,3('*:G""

Theoretical: .0/"2/1/5&*8,1",-"*0/"81*/51&)":*5/::"8:"'&(:/3"=+"=,*06"=+"'/))"25,I*0"&13"F,9/F/1*"

,1",1/":83/"&13"=+"F&*58N"5/:8:*&1'/",1"*0/",*0/5G".0/"',FH)/N"'0&12/:"I8*081"=,*06"'/))"H,H()&*8,1"

&13" /N*5&" '/))()&5" F&*58N" &5/" 813('/3" =+" H&5*8'()&5" =/0&98,5" ,-" '/))" H,H()&*8,1G" U/))" F,9/F/1*"

I8*081"*0/"F&*58N"',55/:H,13:"*,",9/5L3&FH/3";5,I18&1"F,*8,1"#X'0&=L4&5'81/D"BG"/*"&)G6">QQY$G"

B'',53812)+6" 8*" '&1"=/"3/:'58=/3":*&*8:*8'&))+"=+"<F,)('0,I:D8"/T(&*8,1G"<F,)('0,I:D8"/T(&*8,1"

3/:'58=/:"*0/"*8F/"/9,)(*8,1",-"'/))"H,H()&*8,1"*,I&53"/T(8)8=58(F":*&*/"81"H0&:/":H&'/"81"*0/"-,5F"

,-" 38:*58=(*8,1" -(1'*8,1 ! "!"# $ 66# " #I0/5/" $ %$$ """" 6GGG6 >!& 6" ! "!$$ ' " 8:" '(55/1*" 1(F=/5" ,-" '/))"

I8*081" F8'5,'&558/56" # 8:" ),&3812" *8F/6" ! 8:" 25,I812" *8F/$G" .0/" H5/98,(:)+" F/1*8,1/3" '(55/1*"
/T(8)8=58(F" :*&*/6" ,=*&81/3" &*" /9/5+" *8F/" :/*:" ! "%&! #6 " I8))" =/" 3/:'58=/3" =+" *0/" /T(8)8=58(F"

38:*58=(*8,1" ! "!6"# %&

$ 6# G" .0/16" *0/" ),'&)" 81*/51&)" :*5/::"I8*081" '/))" H,H()&*8,1" ! "!" %& 66#( "I8))" =/"

-,5F()&*/3" =+" F,38-8/3" ?59812L\85DI,,3" H5,'/3(5/" #!V]Q$G" .0/" *,*&)" 81*/51&)" :*5/::" -,5"

0,F,2/1/,(:)+" 38:*58=(*/3" '/))" H,H()&*8,1"I8*081"H,)+F/5"F&*58N"I8))" =/" 3/*/5F81/3" =+" 9,)(F/"

&9/5&2812" *0/" ),'&)" ,1/" &:" ! "
! " ! " ! !"'" %&!()

66#( "
!()

!
'!*) * G" %,5" *0/" 0,F,2/1/,(:" 38:*58=(*8,1" ,-"

'/)):" I8*081" *0/" F&*58N6" &9/5&2812" 8:" H,::8=)/" ,9/5" *0/" I0,)/" F8'5,=/&3" 9,)(F/G" .,*&)" 81*/51&)"

:*5/::"-,5"/9/5+"'(55/1*"/T(8)8=58(F":*&*/"I8))"=/"/T(8)8=5&*/3"I8*0"*0/"*,*&)"/N*/51&)":*5/::"I8*081"*0/"

F8'5,'&558/5"F&*58NG".0/"*,*&)" 81*/51&)":*5/::",=*&81/3"-5,F"),'&)",1/:6" 81"*0/"9858&)"-,5F"#!!6"!Y$6"

I8))"=/"/NH5/::/3"&:" ! " ! " ! ">!+,+!-,!* ') "#I0/5/" ! "!*) "8:"9858&)":*5/::6" "8:"'/))"',1'/1*5&*8,1"

81"F8'5,'&558/56"" - "&13" + &5/"&HH&5/1*"-85:*"&13":/',13"9858&)"',/--8'8/1*$G".0/"-85:*"&HH&5/1*"9858&)"

',/--8'8/1*" 5/H5/:/1*:"*0/"F/&:(5/",-"*0/"&9/5&2/3"'/))"D81/*8'"/1/52+6"I08)/"*0/":/',13"&HH&5/1*"

9858&)"',/--8'8/1*" + "3/H/13:",1"*0/"H&85"81*/5&'*8,1"H,*/1*8&)G".0/"H&85"81*/5&'*8,1"H,*/1*8&)"3/H/13:"

,1"=,*06"'/))" *+H/"&13"/N*5&"'/))()&5"F/38(FG"%,5" -(5*0/5"F,3/)812"',1:83/5&*8,16" 8*" 8:" :(8*&=)/" *,"

*5&1:-,5F"*0/"/TG"81*,"38F/1:8,1)/::"-,5F",-":*5/::"=+"38983812"*0/")/-*"&13"*0/"5820*":83/"I8*0"*0/"

/T(8)8=58(F":*5/::6"

! "!,

-

! " *,%&! )'*) "&'*/3",1"'/)):"I08'0"'&(:/:" *0/"'/)):" *,":*,H" *0/85"25,I*0G".0/"

*5&1:-,5F/3"/TG"81*,"38F/1:8,1)/::"-,5F"I&:"/NH5/::/3"&:M""

! " ! " ! ">CC !.+!.-!/ +' """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#!$"

I0/5/" " 8:" *0/"38F/1:8,1)/::" 81*/51&)"F/'0&18'&)":*5/::6" " 8:" *0/"

38F/1:8,1)/::" '/))" ',1'/1*5&*8,1" 81" F8'5,'&558/56" 8:" /T(8)8=58(F" '/))" ',1'/1*5&*8,16"

&13" "&5/"*0/"38F/1:8,1)/::"H&5&F/*/5:G"B*"/T(8)8=58(F":*&*/"-,5"*0/"

'/)):"-,5"25,I812"*8F/" ""*0/"9&)(/",-"38F/1:8,1)/::"F&*58N"5/:8:*&1'/":*5/::"8:"

! " ! " *,* !!/ ))' a

*,%&-, )a + 'C

!,

! " ! " %&,!,!. a'

%&,

- 'C *,%&+, )a>

%&! ! " !'%&!/ "&13"

*0/"9&)(/",-"38F/1:8,1)/::"'/))"',1'/1*5&*8,1"8:" ! " !'%&!. G".0/"H&5&F/*/5:" "&13" "-5,F"/TG"!"

5/)&*/3"&:M" G"%(5*0/5"F,3/)"3/9/),HF/1*"81')(3/:"-,5F()&*8,1",-"*0/"F,3/)"/T(&*8,1"-,5"

5/:*58'*/3"'/))"25,I*0G"%,5"*08:"H(5H,:/6"I/"F,38-8/3"*0/"3/*/5F818:*8'"H&5*",-"*0/"F,3/)"3/:'58=/3"

=+"O&K8'LP8K&D,98'" ?G"/*"&)G" #>QQR&6=$"&13"1/2)/'*/3" *0/":*,'0&:*8'" */5F"&*" *0/" )/9/)",-" *0/"I0,)/"

F8'5,'&558/5G".0/"F,3/)"/T(&*8,1"81"*0/"38F/1:8,1)/::"-,5F"8:M"

C- C+

C!C -+ -'

! " ! " ! " ! " ! ">!.!.!/!.
'!

!'.
./0 --' """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#>$"
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I0/5/"!"8:"*0/"F/&1"D81/*8'"',1:*&1*",-"'/))"25,I*0"I08'0"8:"/T(&)"*," '0 6"I08)/"!'"8:"'/))"

3,(=)812"*8F/"81",(5"/NH/58F/1*:" W"!"8:"*0/"F,3/)"H&5&F/*/5"I08'0"5/H5/:/1*:"*0/"F/&:(5/"

,-"*0/"5/:*58'*8,1",-"'/)):"25,I*0"3(/"*,":*5/::"&'*8,1",1"*0/"'/)):"&13"""8:"*0/"F,3/)"H&5&F/*/5"I08'0"

5/H5/:/1*:"*0/"F&218*(3/",-"81*/5&'*8,1:"=/*I//1"'/)):"*0/F:/)9/:G"%81&))+6"I/"H5,H,:/3"*0/":(8*&=)/"

38F/1:8,1)/::"',1'/1*5&*8,1"=&)&1'/"-,5"*0/"H5,3('*"FB="H/5"=8,5/&'*,5"9,)(F/M" 

0!' YQ1

! " ! "! " ! " ! "
'!

!'/

'!

!'1
-

! " ! " 2%&2 ,!,!1 a' "8:"*0

'!

!'.
!/+' !2 """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#A$""

I0/5/" "5/H5/:/1*:"38F/1:8,1)/::"',1'/1*5&*8,1",-"FB=6"I08)/" !!,2 /"FB="

',1'/1*5&*8,1"H/5" =8,5/&'*,5" 9,)(F/" &13" %&2, " 8:" *0/" /T(8)8=58(F"',1'/1*5&*8,16"#" 8:" *0/"D81/*8'"

',1:*&1*",-"FB="H5,3('*8,1G".0/"1(F=/5",-"F,3/)"H&5&F/*/5:"I&:"5/3('/3"(:812"*0/"818*8&)"&13"

=,(13&5+"',138*8,1:M"#&$"&*" Q'

"

! ""*0/"818*8&)"'/))"',1'/1*5&*8,1"8:"/T(&)",3"&13"*0/"38F/1:8,1)/::"

'/))"',1'/1*5&*8,1" 8:" %&,,. aQQ ' 6" *0/" 81 1)/::":*5/::" 8:"8*8&)"38F/1:8, ! " >

QQ CCQ .+.-/ +' 6" *0/"

B=" ',1'/1*5&*8,1" 8:"818*8&)" 38F/1:8,1)/::"F ! " QQ '1 W" #=$" &*" /T(8)8=58(F" :*&*/" -,5" *0/" '/)):6" *0/"

9&)(/",-"38F/1:8,1)/::"81*/51&)":*5/::"8:" ! " !'%&!/ 6"*0/"9&)(/",-"38F/1:8,1)/::"'/))"',1'/1*5&*8,1"8:"

! " !'%&!. 6" *0/" 9&)(/" ,-" 38F/1:8, =" ',1'/1*5&*8,1" 8:"1)/::" FB ! " !'%&!1 6" I08)/" *0/" 5&*/:"

! " aa! " aa ! "a Qa '' '1' '' %&%& !!!! '!!'/ )/::"H&5&F/*/5" C+ "

-5,F"*0/"/TG"!6"&:"3/:'58=/3"&=,9/6"8:" C!C -+

' %&!!
'!!'!!'. G".0/"9&)(/",-"*0/"38F/1:8,1

-' G"".0/"9&)(/",-"*0/" ""-5,F"*0/"/TG">""8:"H&5&F/*/5"

/0. -' G".05//"F,3/)"H&5&F 6"#6"!"-5,F"*0/"/TG"A"',()3"=/"3/*/5F81/3"=+"',FH&5812"

/NH/58F/1*&)"3&*&"I8*0"*0/"F,3/)"H5/38'*8,1:G""

/*/5:M" C+

  

RESULTS AND DISCUSSION 

4,3/)" H5/:/1*/3"0/5/" 3/:'58=/:" *0/" 8FH&'*" ,-"F/'0&18'&))+" 813('/3" 81*/51&)" :*5/::"I8*081"

'/))" H,H()&*8,1" ,1" *0/" 3+1&F8':" ,-" 0+=583,F&" '/))" 25,I*0" &13" F,1,'),1&)" &1*8=,38/:" #FB=$"

H5,3('*8,1G""

"
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Figure 1. Experimental data and model predictions for cell concentration within microbead 

(C/Ceq vs. t); for mAb concentration in solution (Cp/Cpeq vs. t) and dimensionless internal 

stress for cell population within microbead (Y vs. t) 

"
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'-45AGQ]GA! 3'' -/#/
Q>

.0/" ,H*8F&)"F,3/)" H&5&F/*/5" -5,F" /TG" A" ,=*&81/3" =+" *08:" -8**812" H5,'/3(5/" *0&*" /1&=)/" *0/" =/:*"

&25//F/1*"I8*0"*0/"/NH/58F/1*&)"3&*&"I&:M G".0/"9&)(/:",-"38F/1:8,1)/::"

H&5&F/*/5:" -5,F" /TG" !"I/5/" GQ!GQC 3'- " &13" Q>GQVGQC 3'+

%&!A>GQ

G"B:" :0,I1" 81" %82(5/" !6"F,3/)"

H5/38'*/3"9&)(/:"-,5" *0/"38F/1:8,1)/::"'/))"',1'/1*5&*8,1"H5,-8)/"#UaU/T"9:G" *$"',55/)&*/3"I/))"I8*0"

*0/"/NH/58F/1*&)"3&*&"I8*0"5/)&*89/"/55,5",-"!Q"gG".0/"5/:*58'*8,1"*8F/"-,5"'/))"25,I*0"I&:":0,5*/5"

5/)&*89/" *," *0/" /T(8)8=58(F" 25,I812" *8F/6" 8G/G" '/# " #I0/5/" /T(8)8=58(F" 25,I812" *8F/" 8:"
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