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La .regu1aci6n del crcé:iiíl.icntói t'i.cne .gran signi:Eicado para 

·:::"::;;~;~~~~f l:iiil;w~¡j1¡~~~f~,;lf~{~~if1~~~i,ti? • 
espeC:ia1izados/:par.á·~1o"graJ:'o;;:creé:::im"i'ent . Ü1ado·' ni(estos 

::::::~~~itl~l,~i~lf f IE1~t~~ir;ii?1:~;:.::· .. 
E1 quimiostat.o;,:es·?~ ¡:f:fe:r:men:tador.¡J;ico:rit .. inuo•:•,·que.·: opera en un 

:::::::r:~~·~:~~f ~ .W~~}~~¡,~J~~f:~~ff~~~~~f'~~~ .. ~is:r::::::::: 
::d::: u::o:;,:: ·:~lf ítc ·~¡ ~'~i,;}'.'.~' :;;pecif ic:• d:•::::: :d 
miento del microórgariismo~;',(1-lerhert';> 1961). Esto nos 11eva 

b

a idene tf einpi rarae 1 eq1u{mi.6·s ••. ·.~.: .••.. ·~~.··.~·1.'.c.:.'.·.· .•..•. º.·,•.·.;.·:.~.: ... · .. ?.· •. r. • ' ": ia rato que pro ve é un am 
- . .. ·~ .: . . • . . . . . ,~~i~,'.~~-=f;f~~< .. 

microorganismo.r;.;qu~;· es'tá bajo el control de1 

experimentador e~:tt;i~ih~i;:~'::/~~~:: parámetros :físicos, y 

que es independ~e•;{:t;,··~a.~J.::;~{~·;;11{~ri;(sá1omons, 19 72) • 

E1 quimiosta1:o 

el efecto 

carbono y 

tetas a 

1975), peró no·:.há~~a 

. }·•' ,.,_, :~:· :: :l,·,~~· :· . ;· ... · .. 
'.··;·: 

~~xitosamente para eva1uar 

de 1as fuentes de 

de 1a glutnmino sin

p~okari6ticos (Senior, 

hacer esto mismo en c1 



pues este ·organ_ismo· J1li.ce1iar. 

a1 crecer .en 'uh•c¡u:i,Iriiostato :,·con":~~cio~ai~;,~:i~~a.'i!prC,b1cmas 

~~=;~:~~;~~~n~;~~~1~~i}t"~i~if~i11~t.{t~~~~~==~~~ 
dos para invé;t~gac:i6n. 1o que ~t'.:is i:l'e;\;6: a ~studiar di s.!::_ 

fios novedosos de quimiostatos e inc1uso éistemas a1terna 

tivos de crecimiento regu1ado como es e1 cu1tivo a1imen-

tado en e1 estudio de1 metabo1ismo nitrogenado en 

Neu4o6po4a. Puede decirse que este trabajo representa e1 

esfuerzo de un. grupo de in~estiga·ci6n ap1icada por apor

tar conocimientos dé1 Arcia de ingenieria bioquimica a 1a 

so1uci1:'n. de prob1emas de inve~tigac:iÓn fundamenta1 enfren 

tados por.otro grupo de enfoque:~As ~~sico. 

La presente tesis p~esenta primero e1 trabajo en cu1tivo 

continuo. pués este enfoque. se. uti1iz6 primero para 1o

grar cre~imiento regu1ado cin N. c4aaaa. con miras a ~stu 

diar 1a regu.1a~C::i.6J'l 'de 1a• g1utamino sintetasa en este mi

croorganismo·~,, '.pero· por d.iversos i~rob1 emas que acle1ante 

se mencion~ri~~~siri t6cnica se abandon6. En seguida se 

discute c1 ·°c'asC.' del. cu1 tivo a1 imentado. el cual se revi -

sa mfis cxiensamente por ser esta metodologia 1a que cons 

tituye 1a aportaci6n fundamental de este trabajo. A con-



tinuaci6n se revisa e1 caso de 1a g1utami~o sintet~sa~ y 

se pone c1 trabajo en contcx~c:i- cori_'1o~; m~;~~~i~~t~,n;':i;:i7a-

::::::1 ::::::::i::¿:~1::~;~gi~~~~~t:1;.~ n lf ~!}~i;~~:: 
A1 imantados de Neurospora °Crass'a•.'.:::'i/de::~'J'org . 

.. . .· ::, .:,·. e-~~·::_;< :~~;)~:~;;!-~i;;t!'.:~fr::~.J?·~-~;~~:::}~~' -';' . 
Migue1 Lara, Berta Rescndiz y Ja:i.~te;c{J\1o:r'.a;::::c¡ue':'sa1ió pu-

b1 icado en Biochemica1 and :B1.ophy~-i2~a¡'2rJ~,~~r~h ~ommun i -

cations en 1977. 

E1 siguiente capítu1o de esta tesis está formado por 

tres p~bi;icac:i,bncs_ .de1 autor. La primera es la arriba 

mcnc:/i~~~~~![i,~i~~~1,{~~:~~--.}-~~ ot:·~s dos representan aplicaci~ 
.nes'.•:en:¿:o·t.ras;.'c:·áreas··,·.;:,·que:seran tratadas someramente en el 

·. . : :'.· ,:;·:~_::~)~_ft~~~~~~r~:~~~~~:.¡i~lr~:2t&~:~,~:~';.¡~~-', -~:·:~· · 
capítul:o_'~;de1i1:<::onc_1usione_s.:··.y. Perspectivas, con objeto de 

pcm~r ~~W~·~jj'{~0~/~¡ .sustrato común de tres investigaci~ 
. '" ;, ·- -~-:,.,: .• · '<<:.;. ,'~:.f.;'-

nes t_an ··disímbolas ·en apariencia. Para terminar, se des 

criben las ú1timas investigaciones del autor y es inte-

3 

resante observar que la visi6n"de cultivo alimentado vuel 

ve a aparecer, pero ahora en relación con e1 crecimiento 

de peces. 



- : ~::·:\~;.~::~:-·,,~~ 
mínimO'·"d'" 

sld~~l!f.~"s:i,. 
conti~~:8~l~;~Z:ii%;;~~};·\¡~/¡5:e;.· lapso. 
de O. 1 4 ·h. , "';t_enemos~un t:i:empo 

lo tanto z~}f~~-~~~f:i~nes·. 

elige un 

'.':'Nosotros con-

culti.vo 

a una veloci.dad de dilución 

de duplicación de 5 h y por 

El problema ;es.tá' e"n que en un s·is·tema convencional de la-

las 8 h a que hace alusión este au-boratorio ni 1iquiera 

tor son alcanzables. Por e11_o realizamos un diseño pro-

pio, basado en la un:idad de columna ciclónica de Dawson 

(1963) y tomando_c:iertos elemeritos del fermentador de do

mo del mismo autor (Dawson e.t: a..e, 1971) y del fermentador 

de torre (Greenshields y Sm:ith, 1971), El aparato resul-

tante consistía en una matraz con entrada ciclónica en su 

cuello y tenía urna bomba de levantamiento de a:ire (air

lift) para alimentar el ciclón, con lo que se obtenía un 

circuito cie recirc11lac:ión y aeración. Las ventajas 

derivadas de este disefto eran mantener un cultivo 

4 



homogéneo y bien aerado, evitando crecimiento en la pa

red y arcas de estan¿a~iento Al no permitir crccimien 

to en la pared se ev.ita~ii.(1a: .formación de matas de mi ce 

1io y por tanto no ha'.bí~Üi;'t.~p()ºiiamicnto; de las tuberías . 

. Esto pcrmi ti6 obtener 2?'~'2{:~,.;;J{.f'c;5,,~~htihuos por 1 00 h. 
' ,-.~ :.:_~':::: .;-~,_.,,,,._:" ,,.;- -:,~·,,, ;. ••· • .,,, ! ·._.,_.;.-~,' 

.•• - .ce V·.:.)·\';"{;~~~~\ ~:f:~::; -~:!'·!,,. 

Sin embargo. e1 equipo res.ii?::-1:.ªb~~i;~·xtraordinariamentc sen 

sib1e a problemas extern6s ·~¿;·~()/:f¡:[11as en el suministro 

eléctrico, muy comunes en esa época, por lo que el cul

tivo continuo fué abandonado y los esfuerzos centrados 

en el cultivo alimentado que para esos momentos estaba 

proporcionando resultados muy alentadores. 

-· 5 
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EL· 'CASO DE"L' CULTIVO J\L.IMENT ADO 

El. cul.tiv~ t:ll!1';Í~~~;1~f!;~~·:;;~'ido dcsarrol.J.ado para J.ograr 

al. tas product'iv.idade· ''" · :? cé,l.ul.as microbianas y metabol. i 

-tos secÚnd~~-f;;J;, n·;¡:"' • fermentativa. -Pór eje; 

~:~~~i:!~;E;~;~~llii!!~!~!'.,~1~1:'.~~j~ '. 
be el. crecimiento cel.ul.ar (Chain, 1971; Fishman y Biryu

kov, 1974; Hegewol.d e~ ~L. 1981; Bajpai y ReuS. 1981) y 

Cefal.osporina (Tril.l.i e~ aL. 1977). 

El. interés en el. cul.tivo al.imentado radica en que esta 

técnica permite evitar l.a represi6n-cataból.ica. Así, l. a 

levadura de pan se produce afi_adiendo incremental.mente me 

laza al. fermentador• con l.o:;·que•:~_se·.~ .. mantiene baja 

centración de sustrato-:y.Js~';:c.i'iriii.·na la represión 

la con-

por gl.~ 

::b::g:~~!~~~~t~~~~:-;-i:u::::c:e d:r:::::

6 :t::::, cosa. Sjn 

rico, pues 
·- •· ,,:· 

y si no se alimenta' suffc'ientc cae la productividad 

(Woehrcr y Roehr, 1981). 
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E1 cultivo alimentado es una opdraci6n scmicontinua de 

cultivo en lote _en 1_a cual. un··_sustrato· 1iniitante _a1 ere 
:,:'.::? ., ' . 

~imiento .. se suministra 'de. inodo>conti'nU.ó~ · ~~rii~·1:;'6r1Tlino 
. ,: ' , : ' • . :· ·> ~-'·· :·· · -.. ' --_-_"'.- '·"' ~ '~ ~: .··,' .. ;\~\ .. ,': >-'1. -~~ ·;~~·:>¡,_:;,~i:~~;;s~.;.' .. "c:2':-;;:•'~• --~~~/;::'· :, ',-,~:,'·. I\·,· :!-:;•·. •"· · ·.·' ' .·-·:.-, ;_ 

"cultivo a11m_entado~_!.;•;:fue-:.~acufiado}·,por0\·YoshTda?,cy:•:.co1abora:. 
; . : _:_~----:·. -:- _, :_' -_ : . <-~> .- .. ::~::_ :~ ~.-~~;.::::::--,.,:.:;:·::~:-~:!~~;~:~:.·rFj.>t:',~'.;}.17~t::=·~;~~t~ {g7fa~~~-}2~~s.~~~ ~ "· ~ ._{-~~}:::<·:&~;:;_·~:1~~t::.":~·~::~-~; -~:-:: ::.:-:-:- -· 

dores •(;1_973) • ·_qu1enes)','.I'._epo;r:.ta;r_o_n1;;qu ndimient_o.•:de . 
• '. · . ·~::~- .. -·'.~· "< ·->· ·-:>: · .. ·<:_ :;·: ··; :::.:~-:·:: ,~_:,:,:;:r_t:\;'.;~;,7:~~fi~;-¡i~~!~:;~8~~~-:J.?-~~#l:f ~"{0_1~~;~'.__ . . ·.:J~~~~;,:~~~~:~·~":~t~T~·/(~: ;. ., 

b1omasa·.a'.•sust:r~.toc':n¡-,;~n;;:~ult;ivo·•cre,c. ··· · n~a.:Lmente 

fue >·el,. 
_;·-·-;: 

:::::::::n su Ji~~t:~~: 
";:\:.' . 

. . 

desarro11ada'.'~por¡fDunri~·j'yj;'·Mor,\C';(c1 9_7 S));'fr;Jone·s•c:.y_:'.An thony ( 197 7) 

y Yaman~·'./{i{t#~~S~¡1;l'f~~~;§f;:~J¡;;~7~-;~~~;~f~~:~~-i~·:J1'.b~ar que es p~ 
sib1e lograr éil.. cultivo aliment._acl_~,~~§;estado cinéticamen

te análogo al estacionario· di:n~)\i:~~d,6';que se estab1ece en 

cu1tivo continuo (Dunn y Mor,::19-¡'s,j_-.~.-- ·Este ha sido 11a-

mudo "estado cuasiestacionario••)::'.fa)qú_e no es un estacio 

verdadero pero 
-

imita mucha'.s~-~-. d0:'; s.us 
.;:_. 

nario caracteri&ticas, 

como veremos más adelante. De es;fri,_s.-~•.dq_~p;re-ndc que c;I. c-fccto 

fisio16gico sobre e1 metabo1ismo ~elular no debe ser muy 

diferente cn~re ~1 cultivo alimentado y 61 continuo. 
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Debido ~ esto, y dado que en cultivo alimentádo no se provcé 

salida; para la' bi.omása prC>ciJ¿i.da ~· co'n >.10,:·· cuá:l .se evitan 

prC>b-]_!!ln.as_;;d?}.~.·.~po1úi~i;ri'i"~("' ~"= --~. 
una 

los 

el 

Es 

a1in'Íentaiió 

s~ ~f~~~~w~ 
capaz·.'de':t:-.man e 

_ -~- _: -.-.· ~\->;:~·~:·-,:~7~,:~~z~~\:;._;;~~:.~f-
condic i one s-;•:eni' 

la ~e1~~¡~~i}J;~ 
nea1 de la -tasa" 

Para analizar la 

iítcnc:i.6n en 

ir~~\~d~~/i cu1 tivo 
;-,¡ -.,'.:,:·: 

·'-rist·a situación 
~ ... :~:'· 

quefios~ y en estas 

\::c1'~~'Cido es pequefio. 

,1~t~~Xuna función 1~ 
t0),1imi tan te. 

hacemos un 

balance de masa del 

ACUJ\lULACION 

(1) d (SV) 

dt 

So 

s 

F 

ENTJÚ\DA.,: s:Al:inA'> '_ CONSUMO PRODUCCION - - - -
1::,.':·· 

FSo, ÚVX/Y 

Concen~rhc:Í.ón-~d-6 sÍ:istrato 1imi tan te 
'· ··, " .. 

en la a1im-eri'~~ción. 
Concentración de sustrato 1imitantc 

en el fermentador. 

Flujo volumétrico de alimentación. 



V 

T 

µ 

y 

X 

El térmi.no dé 

A su 

Volumeri del fermeritador 

Tiempo··.de Ú:cT:m~T1t~ción 

Ve.lo~5:d.~t~~,·~[~;r,~,~~~~i~:c§;·a·~ •crcicim±cnto 
Rendimieht'a:···¡fe::biomasa e'n ·:fun¿±éSn 

.. 
;·:i',---:'' ,. 

.:.:;:., .. ,,. 
. 

Y:el 

~·~·;:~::_· .-' 
> :J~} :: 

iJ:\ 1a .bioma 
is~~iI'.';;~~~j}/f~~ti~\::\~~~?,~ ,~\:, · ·-~--~.. ... · . ,·.-. -

sa Tumen):.·/e',:.inversamen 

te P r ~·~·~"iz '·'~'.·············~ ····"·· .·.·:;:·t~·~2f.;~~r~~i1if]~Js:~:~.·······~·o~s t ª~ 
te de· proporciona ·i a .· . pre·cisaniénte·::µ··;·i/;I:iú,C·v.e1ocidad es -

::º·:~~illi;ii~t~i!~11?Itf ::~::1·:~:2fütft~~::::::º" 
é 1imi.Ji• <e; ;, 

- . - . - - ~: .. _.;~·:. ~- ~, : 

::i~~iff ~rtiiri'g:~~~':::·· 
'·,•:>dt/· .. ;·· 

sobre la biomasa, tenemos: 

E1 té·~·m:i.'~6 de la izquierda es el de acumulación, y el de 

la derecha rcprescnt~ 1a producción. 

lida ~ consumo de la bi~nasa. 

No hay entrada, sa-

9 
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puede acumular, o sea'.tjue'·:e1 .sustrato limitan te es consumido 
' . e·.'· ·-.-· .- •, 

de inmediato y se mantiene abajo de los límites de detección. 

Por tanto el segunto término del lado derecho de la ecuación 

(3) se puede despreciar, con lo que llegamos a: 

(4) dX 
dt 

DSoY 

La ecuación (4) nos dice que la velocidad de.crecimiento baio 

estas condiciones es constante y es función- del flujo de masa 

de sustrato (DSo) y de la constante de rendimiento Y. Esta 

es la ecuación de diseno del sistema, y nospermite fijar las 

condiciones ele operación para obtener un crecimiento dado, o 
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bien ca1cu1ar 1a constante de rendimiento Y. 

(5) X Xo- + _DSoYt 
' ~ . 

,·,.. • ,·.. • < ' • 

Siendo Xo ''e1 {~~C:~Io~._,·:~~ \~ gr~fiC:a';ic1er p;rimer-_·artícu1o 

:::::·::~:~~:~~l~~ilf iif ~l~i~~~~~~lil~f :C:: V~ -
TABLA A. .Rendim-ierito':<,de?'.\biómas·a 6n::de -sustrato 

c~a·1~~sA~8~~;¡~~~~t,. -~t~11~s~~~ cu 1 ti vo ª 1 i _ 

mentadó~de k:de N.cnaaaa, 1i 

,tadSYK~--t~f- ~~~ ve1ocidad de 

di ii: ~~~ . -~tit)lf _:f' ' --
'·-~' .. 

Sustr_ato limitan te y 
(g proteína/g) 

Sacarosa 
NH 4 Cl 

E1 rcnd:i:miento 

igua1 en ambos 

>-~·_6,-
_9,-_2 

58 

60.8 

expres~a:•{ en' .t-érminos mo1ares es 
' ' 

.322 
1. 14 

prácticamente 

casos,- ·.ro·- qué es muy interesante y valdría 1a 

pena invdstigar mús. Ei rcndimi~nto pnrn sucurosa es aproxi-

madumcntc c1 ~ob1~ del ca1cu~ndo tc6ricnmentc paro cultivo ex 
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ponencia1, ·10 cual; está de _ac_Üe_r_do_. _con 10 enci:n1:trado por 

. Y~shida_ •• e.:=é,~~- 1~1,9·~,3?.,; .. ;~ --~'.~-~~~(~,rJt~~Ó--~~'¡';~D~cf~"-~~JJb~':·.~·~ re~ 
1id_ad-.'.es•-:una:.·)~pseudo e:. constan te.~•;;:·:--;_es·Ld_ec r~;-.,es_•.f•.c_on tan te_ ·so,-

1o ~ baj -~ '}~~:F~~~-~*~~:~'!1,~t--%j-~~~~~-~~(~~rs~k~:#f0.: --- i~1~~~f;~·,~~~r.~#.i ~na 
:funci6T1:,de-<'¡.i-;..(Abót ····ente' te6-

~i~~::;:~;~;:~~{~~1~~~t:i~~~~Ct~11~'.~~~~Atli~~~~~: :;~~. 
se suspende cuarid¿ ,~i\~C:~~bio de V:'ói{;iiit~;{(~;~~as empieza a 

volverse signi:fic:at¡V:~. '' 

Continuemos nuestro- análisis de la cinética del sistema p~ 

ra obtener algunas otras -- c_(;'ñcl~si.ones. 

Sabemos que el c_reciíniento microb·iano es exponencial y el 

crecimiento lineal resulta difícil de entender, pues impl~ 

caría que el crecimiento es independiente de la biomasa ó 

del nfimero de células. Ahora bien, si las células en el 

cultivo se dividen por fisi6n celular, la tasa media de f~ 

si6n por célula debe ser inversamente proporcional a 10 con 

centración de biomasa (Jackson y Edwnrds, 1972). Esto nos 

lleva a preguntar cómo es que c·n este sistema se obtiene un 
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crecimiento linerii. Para c9ntestar esta preiunt~ sustituimos 

ia ecuaci6n (~J en 1a ~c~;éi6~< d~ Manad;, (Monod "' 1949; Lcvcnspiel, 

1980) que· ciecsc;:i..;ci '<ú ~·re~iin{'Crit~· ~~,~ic~.~6i-~ahi~mos cuando 

un único requeri~ieU:1:o nu~r~cionai es el· fac,tor · iJ,'init~ritC al 

crecimiento: 

(6) .!. dx 
X dt 

µmax ·S 
Ks + S 

µmax es la velocidad especifica máxima de crecimiento, y Ks 

es la concentración de sustrato a la cual la ve1ocidad de ere 

cimiento es la mitad de la máxima. Efectuando la sustitución 

y rearreglando: 

(7) DSÓY µmax s X 

Ks + s 

Sustituyendo ahora por X en la ecuaci6n 5 y despejando s. 11~ 

gamos a: 

e 8J s KsDSoY 

Consideremos el caso de un in6culo despreciable. En este ca 

so el término µmax Xo se pued~ eliminar con lo que la ecua

ción se simplifica a: 

(9) s Ks 

Y a tiempos muy cortos (t o) s Ks 
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· Lo que nos dice esto ültimo es que el crecim'i.entó·es expo-

. nenc1a1 a tic~pos ITli§r6s,C:opi~a:ni_i~~te·,'p~~~§i'í()i,},1¡~t~ q':'º· el 

::::~t~it:i~J~i~lt~=·t~~t~~~~~,~~~l~l~~~~1!i2t?aC:~ 
;' ,:·::::.:~~~rét1t:J~t<~,.~tf (~iitti~l~r;~~s:::::·:::_ 
ta. Esto se muestra esque_mátí_came'rite_0.c,nL1a·· :figura A. 

:. :·::,/~( ;_·:_·•._:I_:~-~:.,.:-_~}_ .. :.~:~:~~:<:.r.:··, , 
?'.·~·:'·~· -

Figura A. - Crecimiento en cultivo_;, a.'l"i:mentado de un micro-
.... ;.·~ : 

organismo hipotético:,'-/ cdn '-'1a esca la de 1 tiempo 

muy amplificado. 

crecimiento 

ti·-CJIJPO 

Sin embargo, no debe pensarse que pudiera observarse este 

fen6meno simplemente muestreando muy frecuentemente un cul 
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tivo a:ti'mentado, pués se trataría.de una ~anifestaci6n 1o-
- ' '.~.~\:,:: ·,_; ~ '. 

ca1 del modo, de crecimiento que en e1 lllej ~r. de ·1os casos P!.! 

diera-.rc~iíi~áicñi.:;ond.u2ti-~1e~cimci~t¿;::¿;s·~ri:i~;?~'Jf;;~~~·::u'n:;:'.ae~ 
tector': ~~·f::~~;t;~~~:~ t'.'~!J ~'b-rití'~~~'i,:~ ' '"e~:\i[ª7~~~~¡·~ '•'?:·•:o>". 

0·:··•·.2~f ~~~~~f~l~~i!~ cri to L';(quec•ipod,ría;~i11amar 
cód~i~~;i~t , ...... ,, •: : 

~<:, "i;i2_,:·-. 

.-:·.,:· 

º'ªes• 1&t::h·-=-
4,.i.~ . .:S},;':..-'- ,:O > ' •• 

\;:;:~;nte 
?~>:>-.._" -

. . ' ••••' ~(g~~%f;;)1cE~J!~Í~~::;'~!~9'1~~~~::::. e::" 
un fermentadc.n:·;i)~.ewé•B.'.l."uris{.r;ick equipado con un contro1ador de 

oxígeno ob1:~Ül~~{*:~f~}~J(~~;f1:j_~al1lente crecimiento 1inea1 (no se 
·:.:__:.,..s.~¡.~;:~;~ , 

--·.:<:.:-muestra). 

:~ .. :¡ 

Esto ú1timo ,es•:ci~:~"m'uch.·o: interés pues nos hab1a de un sistema 
.• ''~>'.·" • 

de control .pór::;:Z:~3f:roa1:Í.mentaci6n del cul..tivo a1imentado. en :: ::: .;:~.!f J~if lp::::::·:. a V:: V:::~::·::::::º ~e 1 E:~: t ::-
un campo· en.cp1en~i."Pexpans i6n • como veremos en seguida. a la 

:,.>/,·;t~:~~;,;~:~lfL:.tV~~<- ... ~. · -.. . ·. . , 
vez que se trata1dd unn metodo10gín que pudiera dnr informa

-::-:. . :-·: ·.:·( ' 

ci6n sobre :Lá. .manera que la célular contro1a nive1cs de mctQ_ 

bo1itos. 
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Las n1úl.tiples aplicaciones· indust;Tiales del cultivo alimen-

. :::::•e.:x:c~:tea:c;$~6·;:n~=.c.~ .•.•• , •.. :.:Í.~~;~\~~~iiiií~ilffeI1~~~i~i~il~~;1::: 
gran ~. ~ '' b<l~~ 
ci6n 

1aT 

por 

,,~:~?,~~"'' ''"· , .. ·.· .. 
X~(a1canza.T/'Tápidamente el 

es¡:irf~fi~i~"~~·· :t:~,Ji;'.~X';;.t~crlicas para opti,_ 

.ó";:~J~. ~eb~ redunda~ ~n mayor producti -

vid ad del producto CYamané e~ a¿, 
~··.):. ' .... '' 

1979; Ohno e~ aL, ~976) 

Weigand (1981) relata las ventajas que puede tener el cult_i 

alimentado cíclico sobre el cultivo en lote o contínuo. Se 
. . 

trata de retirar paTte de1 cul.tivo al terminar un ciclo, pa 

ra que pueda continuarse 

parcialmente reiri:ici'ando .:ci1:/c'i'C:'i'ci'. Se logra así un proceso 

cíclico o semi:.:C:'6~t~~u~~:{'':¡/ ;~~~.~:~· sentido cabe mencionar que 

Pi rt ( 197 4? ;d,l:;~~~.~~~~~~¡¡f,~~t~f.~~~~~;~~~(.~:cuasiestacionario (ECE) , don 

de X y S scé;man.tien~n'¡gC:o~st~ntes, µ = D, y V aumenta, por lo 

:~:c:t: 1i~~~!i~i~~~~}~~~G~ ::.:u~ :•:u::::: :: : m:~ ::::•e~ 
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c1ico en ECE ~h1é·Ü'ca~cnte aná1o_go ~a V cÚ1_tivo, contí:n:uo, de 1o 

·~~~;¡~~jtli\ji~~:~~t1~-t~~-i;¡~~ii~~~I~'.~g~!~~~;~'.'. _ 
::::::d:ri ei+g~~~~~~ .. :i_·.·.ª.· .. ·.·.· •.• ·.· .. ,-.••.i_._· ... -.n_.·_.·,1··.· ••• ~·~~F~ig 81). Se ha . _ .. cisi•:e,~J:'y Dunn , 19 7 8 b) 

y se han , , .. i'1•ii, 1977) , pero s~ 
·IF?~r:~~-~.f~,~· ., 

bre todo se han visto ·incr'e'me .O.'!>¡>en la productividad 
: . :··.·::~;: .:.~s-;;:Y~ S~'f,): .:·7.:··J·· ·, 

usando cultivo a1iment'adc{··:é:'íc i :E:1'(Tri11i e.:t: a.e, 1977) 

=~n c;l ;.: ::.:::::n ~::: .;~~~11l~i1tttif j;;¡; :::::::::•~y.:ª!: 
(1976) describen 1a cinética, ~:1os: equipos que hay que utilizar 

:::~:"::::~z;,i~ji~!:i@!if 1i~i(~~f f ~~r::::::::"::::::::: 
a una.•tas·a•[~iú~i:s·e~::'..está'.~·iricreníent:ando:;exponcncialmente. El ere 

cimic:n:t6~(];-¡;;s'i;í:¡{~·ritc es ~xp~hcn.C:¡.ri:t" y}~. es. constante. Usando 
~ .. l ,,, ·',' ;· ;~. 

c~1tivo ~ii~e~ta.d; cxponcnciri1 con ~:n:· control PID (porporcio-

na.1·, in'tegrativo y derivativo) de retroal imenta.c:i:6n con etanol 

a µ = 0;3 hr- 1 se obtuvo un rendimiento de 0.5 g <le biomnsn por 
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gramo de" g1ucosa en 1a producci6n ·de .1evadu·rn de pan (Dairaku 

e.;t a..e., '1981).;.~ Un estudio equiva1entc 1ogr6 una producci6n de 
.-·:-- ::::-:;·-:-;:·"~º_>_ - -· 

:: :::u~;1~~1Il~iil~l0)~,$~~~~~Rif::~~á:~~~i~~g~~;~d6C ~éciI~o . 
en ECE Y. c~1,~Vofü1 ~~iíf tj~¡Jli~~~~~r::~ 
proveer ·aci ,,,_ r.ecimiento. 

En este 

desarro11an: 

1evadura eri 

que Y.()ori,;, 

1imita~t· 
<\~~~~: 

bianos:::m 
·A1~:.~~~, 

de: 1a.:.<eC:o1ag misma 

--:'/;f..:.~>"7·-. 

d.o'~ks (1980) 

y predice 

a1to rendí-

mientras 

sustratos 

sisten1as micro-

en el estudio 

línea, un trabajo re 
> - • - :~ :.~-~/_::.-:~-?~~ :·:-~~:;l_~::~J-~:~~~- ::r'~>~* 

ciente!'(Es,ene·r.,,:e;t',. mUestra e1 cu1tivo a1imentado como 

~na :~;~;f'f~f·~·~~~~~~~~~~;tJf(~ri e1 estudio simult5neo de cinética 

y energética 'mié.r,ob,ianas·, y se muestran y evalúan métodos para 
· • .. . ·,.' :<: ~ :~· .. '::>·~~i:J/,}~~J~'o5R~:>~--: 

determinar 1o.s(::r;e~1;1}~;;~mientos y coeficientes de mantenimiento. 

De todo 1o anterio~ cabe concluir que e1 entusiasmo actual en 

el cultivo a1imentado est5 plenamente justi~icado. 
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El. Caso de 1.a Glutamino Sintctasa 

La 
:>:·--:: .. < '· 
·¿at.a1izá. la.- síntesis_ de gluta-

·>:-.< ·:;·,:"''."·.,·)~·, •'.:·::-· . . !:"· -· 

mina -~riergía 

El. 

gran·in~e_r 

~~~~ t-;~-~~~'~. 
en-

·. <r~· r~~;~{<:YJ~:~- : .. "~~,_, ... " 
trdgen~'~ o donador 

de(i~~~:z!~;;for:.Y __ .<"' ,~,. ... ,. 'r ._ -·- tal.es como 
triptofari6''/fhi _ _ _ ~~fcarl:l'amTl.:',fosfato', ·gl.ucosamina 6 fas-

::~:::~:·~'! g~~~tlf~~~t~~:%f ::~ r::::::::n r::~::::d::::!. 
·; ·-~- ~:i.f::· ,_··<:{ .. :- ., • .., 

.. ;:'.i·~:,'~;.~~?:.{~~~·'.·::~:s~ /<"> .·. . . 

Así, en E. e~(iCt*~-~"~ff;,~~~5_-11\etaboli tos arriba mencionados más 

glicina, ala:riiriac;:c;~CTP,;f:Fy':cAMP sirven como i.nhibidores alostér_!_ 
.- . --· . ~:~~~~;.:~¡'t;:~_~'it~~;-~_i!~;:~~~:.'~~::t0·~;·:~-~-~:\·, ·,> -· :o-.. . . '·. . 

ces independientes)" St;idtmán,1968),. En Neull.oópo"-a es inter~ 

-- - - "'i•,•': :;~i'.:~~ili~i~g~-~~~~~~it~= :: i :: : :t:: ::ola 

biosíntesis -~~~-: -{~~dores glicina, 

::s :~:~:: ~.~:iff~f.~~~!~f~%t~~,y\'\{óri1;\6;'Yfdé :i ::::e:: t:ª ::. t:: 
síntesis de_ nicoti'nriffi:iclli; en ~s'-1::'~ orgrini.smo es la glutamina y 

es 
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no el amonio (Kapour y Bray, 1968). Por otra parte el a-cct~ 

glutitrat-o (acg) activa l·a --G. S. tanto. en prokariotes (Magasanik, 

e..t ,a..e._, "J97~j-·; como en organismos superiores (Tate y Mcistcr, 
:-:.,· .. -

~:;:,:: ::::::~~{:~i~~á~~1~1::tü~~~f :f ::~:::~~m:~:::::: s ::~ 
tema que provea a fa ·:;~i~i~~~e''.;h~,~-~''fuente de 'ca~bo~o y <le n!_ 

- ., • - • -· • J -. • : • •• - ,, "; • ~- - ---· ""•' ••• .,:;. •• - -. : - .-

trógeno estará sujeto 1'1' 're;gl:i'iaci_6n· po'r ambos comp\lestos (Vaca 

e.t: a..e., 1974). 

Por otra parte, en E. co.f..l y:: otras bacterias g_ram-negativas 

la G. S. puede ex:i:st:i:r ::"''ri./éio's' -. formas cataliticamente distintas 
~ :': .. .,. . ,- .' 

::r:n::::r::::::0~Z~J7?,~f ~t~;::::::::: o:::a ::~:::: :~: ::: ~ 
tividad>y>JÍ'ac'e a•\sensibilitlad a la rcgulacion alo~ 

térica ;~~~%l~ ~~~~~(~~h:f piro y Statltman, 196 8) . 

;r ".:·~.:. ;·,:>;:: 

El en cultivos continuos <le 

E6c./1e1t.i.c!h.i.a_,ú:!,o.f.,C.·.y:•:K'.é:~:-b'l/';é.eÍ:._t.a. ac.Jto_g ene¿,, fue estudiado por 

Senior (1975), q~ie~ ~nc~~tr6 que estas condiciones inducían 

la G.S. la que se encontraba desadenilada (activa). mientras 

que la limitac•ión de glucosa en E. c.o.e..i.· reprimía la G.S. y 

.. -;.::.:::-_--_':"::;:-.-. 

.1! ,, 
i! 
:1 
'i 

il 
·i 

:¡ 
\ 

;\ 
i' 
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1a inactivaba por ,adenila~i6n. Ademfts en KLeb6~eLLa 1n 1lmit~ 

ci6n de amonio resu1 taba ~en :.i11~a :{nducci6n de la g1utama to sin-
' --:-;--,_.- ----:. :-)_ ~: ·:~-~ .. ;-, -- . ;. '"°'"· . 

::::::•::::: :~~i~t~i~:::~~~i~t~i~~i¡~!l~::=:::=~::::::::n a 
de Investigaciones';l)3iplrt¡§dica.séide.,1a>UNAM. Hora y sus co1abora-

dores h_an est~~:~fÍ,~·~i*B~~i~S~~ª"~~.<~·~ m~~·~bo1ismo nitrogenado en 

N. c.Jt.a66a, y.:en:part:i·cú1ar:OiTa•ci,regulac:i:6n de 1a G. S. En este 
:_ º ·: · -- o::.··:~~::_: __ ;~~'.t ~ ~i:Sii:_ t~~J~~~~ ~~~~·~t-,'.': ~f::;,~'-~·~;~·~,:-~:-~ ),~' ·' ;r-<:~:::_<:_, :· -

organismo pueden .c:óexi'sti'r\doséformas o1igoméricas diferentes 

de 1a. ~nzima. :se·~~H~~~in~1~~f~~~+~tá~ero a1 cr~cer a1 hongo e~ 
ponencia1mente en·;rg1utamato:•;1cf]glutam1na o amonio como fuente de 

nitrógeno (VichidlL~~~Y;~~~1~-K~4~·~j'.,~ mientras que en condiciones 

de· limitaci6n de ~~;:;i:l.:i?·:~\;~~-~'t~na. mutante deficiente de deshidr.2_ 

genasa (Lim6n-Lason' :e.i. a)~.·~ )i977) o en mutan.tes deficientes en 

actividades de G.S. (Dávi1a e.:t: a.e., 1978) se encuentra un tetr!!. 

mero, lo que hace pensar que esto constituye una respuesta re

gulatoria del hongo N. c.Jt.a66a y que existe una relaci6n entre 

1a capacidad de fijar amonio a bajas o altas concentraciones 

de sustrato y e1 estado oligomérico de la enzima. 

Adem5s, es importante sefta1ar que en este organismo, la regu

laci6n de la G.S. por ·1a fuente de nitr6geno se expresa a ni

vel de la sin.tesis específica de la enzima (Quinto e~ aL, 1977; 

Espin y Morn 1978) y que estri regulaci6n estft mediada por un 

ajuste ele los niveles del mRNJ\ específico (Sftnchez e~ a.e,1978) 
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Marzluf (1981) ha~éali~aao un~ e~c~lente~revisi6n. del meta-

se compone 

dos respectivamenie 

·e..t: a..l. 197 8 

Otro resultado 

regulación 

··.:en N. c..fl.a..6.6a. 

a. estructura-

:.·lJ.]:{.:octámero (Dávila 

~l relacionado con la 

actividad de GOG la enzima rcspo~ 

~~: :::~" ~~i\l~~-lt~~~I~" ~e~rxf <car::"::::::::~:,. 
NADI-1-depend:i'.erit.e·~·~q·ue··jü:rítc:i;,;;¿· 'G':.'s·~. tetramér:i:ca cons ti tuyc 

el sis~ema de hj~:C::i6ri_ de;·'.~~~~ . f;~S:as concentraciones. Los 
·:·. · .... 5:;:?::·'.i::~'P·:J~~~~.:;?; i::::~l~;j· :\<: . 

mismos autores (Huininelt .Y :Mora:~·j:;:~.980b) estud1.aron la regula-

ción de esta enzima. la puri'.fi~~~:~~:rí.- ·a homogeneidad y en con tr!!_ 

ron una mutante sin activid,td·.··d~::.:GOGAT. y concluyen que esta 

enzima se comporta de modo simila~ a la de n6dulos de plantas. 
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Todo 1o anterior 11eva a· 1a conc1usi6n ·de ,que ... en,. Ne.i.oz.o.t.po.1!.a 

coexisten do~· 'r?tasc•Paia .1a- a~dmi1aCi.cs:n:- de . a.~~ni:o e,. Unil opera 
. ·-·· ··-··-· .•,--·-~~- _-_. __ -__ ... - ·-.-. ·.- -· -- ·- -· , . .,_ - • · .. · .. ·"'. _,,_ ':·;~:~~-~-~ ,:,5_;- """·"" 

:o •:;~~~~!~~t~í~f ~{~~il~~~l]i~f t~f '¡~i~~f ~~l~ik~~t~~m::: 
deshidrogenasa·-''g1utám:i·cal• DHG)\.: .. ,. ·· '"' ., ~-'i:tcicta:inér,ica cuya sín 

t~s is (~~·· ~j_;vg]_r~:Jl~~/?~S~.~;;é:\:J;tf;H(;tiií;i~.::i:~:j;~i;?~¿~~;~~~·~ ;a fu en te de 
ni tr6geno en· ex·ceso :'''''.\se:C'e·1ey·ar":en'!J:;g1utamáto',;·: es intermedia en 

- · · · · >~·:'.:·::·:~s0~" I:-~:~.~-:-~1~~f f.~~!.t~t~~i¡~-~~-~:~~~f·"~u;;~~t;~ 
amonio y es baja. .'en· .. g1utamina;--,:·"'· ·--o:i:ra :P_í;i::;rte. en condiciones 

- : _~: .... -: :~~-:~: / ;~~~r;-~~:~;~T#f ·1,~~~:J-r·,':-~-
d e 1imi taci6n de amoniof'.(ccS'' "ivo alimentado 1imi tado 

:~: :::::::::::~::::·:::~t~~~!~S:I~!;;::~=~::r::::::: :=: :: : , . 
I. DH(3 + a G.S. 

II. aG.S. 

. '_·.,.:;. ~;-~>:.~: ~ .. ~ ;; ..: . 
- - ' - ;. ,_-,; ,- .... ~ ''.,;,~-, 

,·:>!/.,_ 

F:i.'ja';::i:'6n de amonio a a1 tas caneen 
.trac·i.c>'ries. 

a bajas con e en + GOGAT >·;.-€~~!i~~~s~e amonio 

Esto tiene su .16gica, -~u~·i·;;;~;¡;\·'.~i.¡:~~~'.1a ruta I es energéticmnc~ 
te más Co:ri~~~:ien'te ·(no requiertOl ·d~ energía de1 ATP) • 1a glut~ 
mino. sint~t::;i~~ 't'i~ri:e 1nayor afinidad por amonio que 1'a deshi-

drógCná~úi·;g1utámica, por 1o que 1a ruta II es más eficiente a 

bajas· ~ol'l~e1;traciones de amonio. 
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• e11ci>!i 

·ta:-'ªlf§ 
d--~--.: ... ~~'.~h1 

o~a+partir de a-cetog1utara 

~:;;%!{;,'~je 74A bajo 1i:itaci~n 
sin tasa 

. --,'·:::~'. ·:·· .. ~ '~:\\i.J(~!: 
par.t1cipai~· .. en¡¡;:_ · · .,::·· ··:pn~;0 en estas condiciones. 

Estos. datos, .. ~~~;t~;f~\~{l':~~::~:W~t;;~~;~~ente de carbono cj ercc un 
contro1 positivo•<cn::::.ia-.,,::rcgu1aci6n de 1a g1utam:i:no s·intct~ 

_: - .. :_. i."~-~:>-_::;.::.::;::;,~:ºJ'.::.~:-.u.~:-'.·::~'1..::~: -~':'"~-:· . .:: 

sa, por 1as s':igu:ic11te~ ·:~aZ.ones :. 
_ ... -· ~_, 



a) No hay efecto del amonio pe.;¡_ .6 e., pues l.a AM-1 

en exceso de ·am?riio· s:igue comportúndose como si 

b) 

estuviese··en cond"iciones de 1imitaci6n de 

:fuente de nit.r6gcrio .. 

No se observa·-· cfect'o '.de .1a· g1utamina, 'pues 
. '·_ -" ;_ -. ~ '·" 

poza de estp ~minoá~ido se reduce tanto en 

taci6n de a~~~:i.'~:C::~mo de sacarosa. 

1a 

1a -

1imi:_ 

c) Siempre hay coincidencias entre e1 aumen'to de 

a-cetoglutarato y 1a glutamino sintetasa. 
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Por otra parte, 1a g1utamino sintetasa se encuentra con:foL 

mada como un octámero. cuando Ne.°ii..fLo.6poJLa. ·es.ta···creciendo en 

un·exceso de amonio, tanto en .cultivo· en:/'{C:,·1:.; c·omo en cu1-
,{.- . '~: 

tivo alimentado 1imi_-t;:a·d?·:~-.d·~-~:;sacarosa~'.·_, en CO!!_ 

:: c::n::,::m:::;.t~;,;.i~f Jl~~![~j,f ::!t" ::: :: ::~:o :::m::: 
presenta una·: g1utam:tn:·o_,';"sintetasa tetramérica, ya sea que 

· .:. :~2.r·:~ · ~ ~.~f:Y-~i{;~~~;-::::'. .. · · · 
esté creciendci-:ce es·o''º • i'im:i:tada de amonio. Esto es 

evidencia ad:i.~i•Ji'· ~:~:~fre .in vía de 1a g1utamato s~ntasa 
se utiliza par~.:~':tg:~'i-"•ia~Ú:mio a bajas concentraciones ele C.:!_ 

te metabo1ito, .0::~'2't~hd6·'·1a deshidrogenasa g1utámica biosin 
''·'"" . .,, -

tética está aus.;n-tc;~•;' J:i·'ues la diferente :forma o1igoméricn -

de 1a glutnmino ~iinte'tasa .:fnc:i:1:i:taría su participación en 
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dos vías ~etab61icas difer~ntes, permitiendo una regu1aci6n 

también diferente. 

Los restil.'t~~i~•,. •Jc1;;;~d~ c1aramentc:_mu6;.;~r~n 1a ventaja del 

uso, de•· t'.~~h{:g~~·~·%:~·~'cr·~~imfo~~d<c6n~:'I"61ado .. ·c~~i ..;{tüd:io 
L _-:', ·',.·• . '.· ·. ,~ :":· 

.1a regu1;:...c:i6n e11z~má.ti¿~ en: organ:i~mos m:i:C:::eiiÚes: 

de 
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Summary 

Tbe cffect of the nitrogen and carbon sources in t:he regulation of glu 
tamine synthet:ase has becn srudied in fed-batch cultures of Neurospora -
crassa. The l...únitation of amn1onium in an cxcess of t.he carbon source, 
Jeads to an accumulat:ion oí c::(-ketoglutarate and eleYation of glutan1ine syn 
thetase. The limitat.ion of sucrose in an excess of amrnoniwn resulcs in a 
decrease in glutarnine synthetase activity.. These results indicare that the 
carbon source exercs a positive control in the regulat:ion of glut:amine syn
tbetase. 

Jntroductlon 

It is known that in bacteria &>(-ketoglutarate and glutamine regulare 

the activlty oí glutamlne synthetase (EC 6. 3.,1. 2) (1). Although the effect 

of different nitrogen sources o;; the acti.J1t):·:,c:>r,iws:enzyme has been st:ud-
• . : .--. ,_ . . :~·~.:<~·:if:~{{·~:·);'...'- ··'-:> .· ,:< .·.:~-- -

ied in eul;aryots (2, 3), the difficultles:encountered in,growing filamentous 
'. ··. , .. f."::.;:.: .'.:{:.i~~~:.J~fi:7:/.~··~-->'.·-.,;_.;. 

fungí under conditions of regÜlated gr(>'vt:h;'.::;·as:in'"a 'chemostat (4, 5), have 
. :"~ ".f,~i-

not made possil>le to evalúate Í:he effeci: Óf ~ltlilg C:cmce~tration of the 

carbon and nitrogen sour~-e~ in t~e ;~~,~~-~~~ ~~~~~~~;~!rif. synthetase, as 

has been done in p:rokaryotic organlsms (6):~'.."v~ ha~;~~l,i:;c,n able to regulate 

thc gro\vth ~f Neurospora ~by_Cont:Ín_~.Olí~;d}~··:a~~·d_(nfi·.~-.té(rhe.medium che 

lin1iting nii:rogén or carbon source. TI1fs ilistru1n·en~3tio~·r, ~ kno\\•n as fcd

batch cu,lture (7), has al}owed LIS to study the effect 'of the carbon and the 

nitrogen ~ources on t.he activity and oligcuneric statc of the enzy111e glut~ 

mine synthctase. 

Cup ..... ·rii:lu © 1977 by An1dt.•111ic- ,.,,_•ss. Jnc. 
All ti_a:lus c1/ tl'"/"""'"c-tfr1n in.uny (or111 1r.u~r\.·t·d. 
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Material and J\1<!thods 

Strains and Chemicals 

Ncurospora crassa wild-cypc stralri 74;.A·and ~l1e'''g1ucilm1c acid dchy 
drogenase delllc1cnt mutant am-1, obtnineaTrom:.t:he;.F)Jngal Genetics 
Stock Ccnter at thc Humboldt Sta te University· Foundation, · ·Arcata, Calif. 

• U.S.A. All chcn1icals uscd wcrc analytical grade.· · 

Growth Conditions 

Batch cultures of" N. crassa were gro·wn aftcr inoculat:ing conidia in 
Vogel's n1inimal mccliUrn ""(STWIT\1 25 mM NH4Cl as nitrogen source and 
l. 53 sucrose as cnrbon source. Fcd-B:ltch cultures 'vere achieved for up 
to 2•1 hs by pumping the limiting substrate (9. 2 1n:M 1''1-!4 CI or 14. 6 ml\1 su 
erase) ata dilution rate of 3. 2 x 10-3 h.r-1. into an agirated and aerared -
reactor vessel held at: 25ºC contnining Vogel·s inedium lacki11g the nitrogen 
or carbon sourcc uscd as lirniting substra.te... The 1'-.Tf-l4Cl 'vas pun1ped af
rer incubating the conidia for 3 hs in ''o gel· s \.Vithout nitrogcn source, and 
the sucrose after gcrrninating the conidia 4 hs in substrate excess. Llnder 
these conditions che change in reactor volun1e is negligible and it can be 
sho\\•n that the growth rate is constant and equals the produce of the dilu
tion rate, the fcedstock concentrat:ion and the substrat:e yield constant. 

Growth '"ªs determined by collecting 1nycelium sarnples on O. 45 µ 
mernbrane filters, ,._.ashing "'-'ith distilled v.•ater n.nd placing in 53 trichloro 
acetic acid. Af"t:er centrifUgation-thc acid precipitare '\Vas reRuspcnded in-
1. O N NaOH and protein was detern1j¡1ed by the n1ethod of Lowry et al (9), 
using bovine serun1 albunlin as standard. - -

Prcparation of soluble extracts far an1ino acid analysis 

Myceliuni samples '\\•ere harvcst:ed by filtracion.. Glutamic acid and 
glutamine wcre extracted by homogenizing thc cclls in 80-Yc, ethanol in the 
prcsence of L-U-1""1C gltitamine and L-U-"14c glutan"lic acid:> separated 
using the rnethod oí Yemm and Cocking (10) as rnodified by Ferguson 
and Sin1ms (11), and quantificd by isotopic dilution. ot...-ketoglutarate was 
assayed accordingly t.o Bergn,eyer and Bernt ( 12), afrer resuspcnding the 
washcd 1nyceliun1 in O ... 6 N l-1Cl04 and neucralizing thc supernatant v..ith 
KsP04. 

Dcterminat:ion of glut.n.mine S)inthetasc activity 

Glutamine synthet:asc measured as transferase acrivity '\.vas assayed 
as dcscribed by Ferguson and Simn1s (11). Ünits of activity are cxprcsscd 
as micron1olcs of ).)"'-glutamyl l1ydroxa1nate produced per in in at 30ºC per 
mg of protein. 

Sucrose Gradicnr Scclin1cnca tion 

Thc san1plcs, in a final volu111c of O .. 3 mi 'vere laycrcd overa 5 to 
203 conrinuous sucrose gradicnt nnd c~ntrifuged at 4 º for 12 hs at 248, 000 
x gin the ncck.tTHlll S\\' 40 rotor . .l\.fl.er ccntrifugation, fractions werc oh-
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Flg. 1 Growth curves of the wild-tipe stroin 74A in limltlng 
ommonium l•) or sucrose lo) in fed-balch culture. 
Without ammonium l •) or sucroselA) also shown. 

tained from the top of the tube and glutamine synthetase activity was deter 
mined in each fraction. Details are given in ref. 13 •. 

Results 

Neurospora ~ wild-cype 74-A éxh:i,J:l_its,exponential growth with 

a doubling time of 2 to 3 bs, when grJ.;..;r;_.;Jii';;,r_. conditions of exccss sub-
•. , •. ·.(¡ ·.:;.···•o' ' 

strate. However. in f!.?d-batch culrl1~~>liri~~~:;;:~~r0Wth is foun"d as ~ho\vn in 

fig. 1. . .- Yj~-1i~~:)· 
Under conditions of arnmoniwn jiifli.t~á~n·\,~e found. af'ter 12 hs. an 

ahnost 12 fold in~rease in the intra~~ii~·j';¡~,b~hcentration of ol,.-ketoglutara 
· ·: ~··_,~;~\~~-;~i;t~·~Yi~\:'_ -~-:·· k " • -

te. '"hile glut:a.n1inc and glutamntC .c:leC::_~ea·se.-t:en and ~'"º t:ilnes. respective 

ly. con1pared to the control_.g;6WiTI"g~~1;~, .. ~~~:~'-~s subst:rate. 1-lo,vever. "vhc: 
;¡ ;:,<;. ::,\.i_.;;:;:'.~~;.-~-t .. ·-.' 

sucrosc is the litnit:ing subStl.-'ntC-~--~ .. t~JEecO.glüt:aratc does not: vary appreci-

nbly and glutamlne decréa;;_es'iil"í·_cie\times {Table 1). 
,:.:,·, ,.r,-. ··_·. 

\Jncler amn"loniuin liJ?"li~-~~i9n, a~t_en.:.fold rJse in gluuuninc synthetase 

activity is found. ll~\~e~~cr; _\vhCn_ sucrosc is litniting thc activity of this 
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TABLE l. - Intracellulnr concentrations of <><:-kctoglutarate, 
glutarnate and S:lutamine. and gluraminc syn-· 
t.hetasc actlvity in t.he vdld-type strain 74-A,. 
under ni_!=rogen or c:arho~ source lin1itauon•. 

Con6ition 

Batch, ammotúurn plus carbon cxcess 
Fed-batch, ammonium lin1ited 

Fed-batch, sucrose limited 

h.s 

12 
12 
18 
24 
12 
18 
24 

kg 

0.002 
0.025 
0.020 
0.015 
0.003 
0.003 
0.002 

glu gln 

0.183 0.480 
o,·o69 _ o. 040 
o. 084\ .·-.. o. 045:.- -

. o; 049 ·;;o; 040 .- -
- ._0;'169: :<0::320. 

º'120·; •;:o;-270:-
0; 145t'/t::o" 190. 

.,. ,;.,;:!'~"~,:.~e:,.-,: - . 

G.S. 

0.09 
0.42 
0.77 
0.99 
0.02 
0.-02 
0.02 

•d. -ketoglutarate (kg). glutamate (glu) and glutamine (gln) concentratio;,s expressed 
as).Ulloles/mg of protein. Glutrunine synthetase act:ivit:y (G:s;) expressed as 

.umoles of produce per: 1nin per mg of protein. · · :.• - : ·· · -- · 

·_, ... ·--· :-:<·_::·:_; 
enzyme falls four clmes compared to that: found in "-n-.e;ccess of subst:rate 

(Table 1). To ascertain whether t:hese effecrs ar.,,: due i:o. ammoniwn per

~ or are mediaredby t:he trapping of o(.-ketoglutarate and/o:r its conver

sion to_glU~~-~-~,~~-,d'rr'·~lútamine, the·rnuta~~·sti~1-n::~m-1. v.•hich lacks the 
.,. '¡-'.' .•• -· ---

act:ivit)•: ofc_ th ... bio.synfüet:ic glutamic aci_d · ~E!hy?rogenase and grows ·very 

slo\\•ly in exC_e~s~ ~rnffionium.,. 'vas gro~ri .~ndei-· t:hé sarne condit:ions.. \Ve 

found that t:~i·s-st:JC~in, 'vhen ~ited:of;~i,j-~o~~~~ has t:he same growth 

rateas the wild-type·grown under thesa~~ conditlons. The act:ivity of 

glutamine synthet::lse and the,intrac.ellular:conéent:rat:ions of o<_-ketoglurar~ 

te and glut:a:mate are quit~ sirni1Ei~'.t0-i~~~e-i;;u,nd int:he wild-type strain; 

glutarnine is not: ~etect:ab.1e-~:i".1.·c:omp~ri~é·)~ ·:,,~it:b. rhe. wild-rype. where this 

amino acid is just: in Ch.e· ii~~j~~';;~·i·dCt~~~Orl'/ ·' Fi.lrchermore~ vlhe-n t:here 

is an excess ofammb',;ium ¡d;~~ci;rit/Í:h;i;·above f'-'lr<uneters still rcsernble 
- ¡.:_., ..•.. ,. ·-··-··.,.. . 

those found ill the wlldc-t:);pc _in amn~O'n1J;n- Umiratlon (Table 2). 

\\'hen .tl~~'_.\VilC}~~}~c ~~r~:ii;i J~- ~-r~~~;~ Jn glu.t:tn1arc ns the nitrogen 
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TABLE 2. - lnt:rnccllul~r c~ncc~~.,:,itioris of ~..:kctoglutarate, 
glutamate n!'d ·gh.itrinüne,'iand glui:am_inc ·syn-
thetasc aC~iviiX:in''.chC::n~l.li~n~_.·'.S:t~~~in:nrn--1, _ · 

un:; x~1r¡[;~rt~~'.~l~~~~~i~;~·:~::·· 8;s~~·-··· 
Batch,. ani~O~i~~··plu~ _ carbon exccss 
Fed,-batch. a:inrnoniuin _liJnite_d 

12 
"12 
18 
24 

Abbreviations' as.fn· Table l ;Not: ~etected (N. D.) 

source, glutamine synthetase is found as an octam.ei<(1_3). \Ve have found 

t:hat a lo"ver oligomeric form of Lhis enzyme, ~sS~l},. a_ tetramer :r is 

found in the wild-t:ype strain v~rhen runmonlum .is -1.i.ln.~~~.:ág, but not 'vhcn it 

is in excess concencration (fig. 2). The mutant strain am-1, howevcr, 

·exhibits only the lower oligomeric state,, regardless oí che way am1nonium 

is adininistered (dat:a not shown). 

Discussion 

It. is not: possible tO regulare the gro,vch rate of Neurospora crassa in 

batch cultures jú.s'C·by. cl1anging tlle substrate concen'tration. However. this 

has been achidvcia by ~he use of fed-batch cultures. 

We.have·~~~~··~~~'t glutamine synthetase activi"'Cy rises 'vhen amn,oni

urrl is lirnited~':.::'.~1-li~-i;:ise with t:ime corresp~nd~ t:o t:he increase in lirnito.

~ion t:hat 6~cur~-.a:~:~e'Su1r of grov.:th, addition oí ~ubstTatc·remaining con-

stant~ 

' . ' ·-.-.·.<>"·- ·<-<· ... =-: "": 
taro.t:e together-,vi~li'-~:.,.~Cbr~ase i;;,:-.glutarnate and glutamine. \Ve ~·oul~ like 

to µropose. tha~ t.he c~rbori'·source exerts a positive control in t.he induction 

of glut...-i.minc syntl1c_tasc_in Neurospora ~ since: a) nmn,onium doc·s not: 
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FRACTIONS 

Fig. 2 Sedimentotion in sucrose gradients of glutarriine synthe1ase 
from the wild-tape stroin 74A grown in limlting (o l and 
excess (o) ammoniur.i.. 

have an effect per se 7 as shown by t:he increase in enz:,'lTle act:ivity in t:he 

glut:amic acid dehydrogcnase deficient mutant gro·wn in excess amn1onium, 

as compared with che wila t)•pe and b) by the decrease of the activity under 

sucrose litnit:ation in the v1tild-t:ype st:rain '\Vhere ammonium is in cxccss. 

This data indicates tha't arn.moniwn does not: exert its main effect: through 

its conversion to glutam.ine7 ~·fC?r~.if·.this ~vere.t:he~case, a rise in activity 
~--·- .... ~--- .. -··· .... -· 

would also be expected _when' carbon ·is l_~itirig' and glutamine ·ralls 

(Table 1)- It: is suggestive._thac·a·rise'(ii{~;_·kétoglucarace is found whenever 
,'-.<}_/ 

the enzyme is induce_d (Tables l-and.2>'.:{.Th1s.'e1evacion is to be expected 
•. . . _, ,.e. - ' . --- . -·. -· --:~-·- . - . 

if a1n1nonia is· Uinired -or·if-El_-blOok .. :eXi'~-t~~,··1~·rh.e ·canversion oí amn1onium 

and ot.~kecogluta~ace to 'glu~;;mi~:;~¡~'.~_:~6:~.'the ocher hand we have recent

ly reported that ~n-CxcéSS_of-~?"17~~-f';~iUtn':Or glutamine Yepress;;es -rhe 

de~ syntllcsis of glutá.mi_nc .;y.n_tllctase_(4). 

'rery p6ssibly a rc?lntions~i:í;:~:ist~-·~~r'v~cn thc: Clligon1eric statc oí 

glutan1inc synthetas·c aií·a" i.ls, cáPit_City to fix an11n~nium. at lo'v or high sub-
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strate concentrO:tiáns.: ~1e .~~~~X.~! .~le .rei~runer. to synthesize glut:runinc 

at 1aw· ··sub~tra te.· c:Ori~~-~r;_;a t·1c;r1-is~ béit~·g·:-;.~WdiC·d· ~-~ 
" ' . - : ~ 

TJ1e. raét:that .... ;,trait{~oiTI1:;1;;;i:eiy.:~ck.ing. the.biosynthet:ic glut:amic 
• , ,.·· :, - .. " . • , . :~· . e, ~·-:· ··.• '. ", •• ,,. ·~·/ ~ • -"' - , - ' •• , ' 

:~I?~~~~1i~~~~!i~~:::::;::::t:;;~ 
ammonium'. (15).:·:and .. t:hus cannot: be··expected to be fixing ammonimú Únder 

•h•·;:;~7.;~1~f §(~~~~i~!·~~~·1 ~.~-~ ~·g+<h =~"°""' 
culcures in me st:ud~: of_enzyn:ie regulation in filarnentous organisms. 

. . :'.~-;-~.Ji.>_~ .. -j:~~;~,~~::~~(~\:<ú:::J:f:·~;~;\~.~; _._ .... "~ : . , -- -.. ~ - <~; -~-~-i('._". -- -
Acknowledginencs:;;'. :We'_wish t:o t:hank Dr. Jaime Marcuscelli and Dr. 
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Imn1obilization of Glucosc Ison-icrasc to 
- -

lon-Exchangcl\1_aterials 

C. HUlTRON and J. LlMON"LASON. Dt•¡uir1tu11en10 d<· 
BinzecnoloJ.!frl, lluai11110 ele /11ves1ii:llcÍoneJ. Bionu=clicll.\. Ul,'A,.\1. 

A.P. 70228, A1exico 20. D.F .• ,\Jexh:o 

Sum1nary 

Glucosc i:;.omcrit~c (o-xylose l..cto1·bC'lmcra!'i.c EC 5.3.1.Sl from Bacillu~ rCJtlJ!"/c,n., 
was pania11y purificd and immC1bilizcd by adM~'IJ"¡'ltion 10 union cxchangcrs. The 
hishest activitics wcrc obtaincd whcn the cnzymc wa~ ad~orbcd to DEAE-ccllulu:.e. 
On imn1obilization 10 DE.AE-ccllulo~e thc mc:.asutcd optimum pH value for cnzymc 
activity shifted from 7.2 to 6.S. Thcrc was no apprecinhlc dHTcrcncc ben"ccn thc 
hcat stabihtic~ of :.olubic and immobil17.cd cnzyme. Thc J: ... •w value!' for thc im
mobiti2.C'd cnzyme wcre ÍC"und 10 he 0.::?5,\:f in lht.• rrescnce ofO.OJ,\f Mi::i- :1.nd 0.19.\f 
with 0.005.\f ~1¡;7-. whilc thosc for thc soluble cnzymc wcrc 0.1 l anci O. J7,\f. Tc
!.pCctivcly. Undcr condilions of cuntinuOU!. isonu:l"izntion of D-gluc.:u!.c: . .:s de-crease 
of activitv vdth time ''-'ª!- ob!'c:r"·cd. but thi~ dccn:a-.c "''li!' lC'~S at a lo·w 1'1¡:~
concentra"tion and , ... as af'Tected by coluinn Fcometry. There wcre no apprcdablc 
diffusional Hmitation effccts in pact.cd· bed column!t. 

INTRODUCTJOJ' 

The enzyme glucose isomerase (o-xylo5.e kctol-isomerasc EC 
5.3.1.5) catalyz.cs the reversible isomcrization of o-glucosc to o
fructose. This cnzyme is no\v uscd in thC food-processing. industry 
to produce a su¡;ar mixture us s'vect as sucrose. lnitially thc largc
scalc production of fructosc-containing syrups °"'ªS accon1plishcd 
by using cithcr v • .:hole ccll~ or a soluble cnzy1ne prepar:nion a$ 
catalyst. Reccntly :t con1mcrcial process for continuou~ conversion 
of D-fructosc. using imn1obiliz.cd ccll-frcc glucosc i~o1ncrasc has 
been tlescrihcd. 1 Thc cnz.yn1c has prcviously bccn imn1obilizcd by 
covalent binding. 2 •

3 cntrapnu:nt."'·~ and <ic.lsorption. 6 Enzy1ne im
niobilization by ad~orption i~ simple. mild, and reversible. pcrn1it
ting 1·cuse of hoth thc cnzyn1c and thc support. and can givc im
rnobilizcd cnz.yrnc prcpanHinns v .. ith hig.h •1ctivity pcr unit of ,..-cight 
of support.~ Since both thc substratc and pn:H.Juct oí ghH::o!->c iso
mcrasc are sn"lull n1olcculcs '\vithout clH1rgc. this should ;ilh.n.-..· lhc 

Bioh.·chm,ln¡.:y an.J lliuc11l!11wc:tini:. 'Vnl. XX. Pp. 1J77-1'.;l91 t 197KJ 
© 1~78 John \\'ilc~· .. r.;;_ .Son!>. Jnc. lKl{)( ... ~!-9:?.i7X:°llCJ:!O- L\775-Ul.OCJ 
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nd11:;.orbcd enzyn1c to be uscd at hi,E?.h substrate concentrntions. Al
'° thnugh gh1cc.:,..,c isl'n1cra~c ndsarhcd to DF..A E-cc1111losc is 110'\'-' uscd 
r-r:i cClmn1crcially. \he. prepannion nnd propcr1ics oí :u.lsc.irhcd ccll-free 

1 f!lt1c0"c i~on1crnsc have n<1t been dcc.;.crihc-d in c.lctail. In this pnper 
thc prcraration oían in1n1ohili7.cd partinl1y puriíicJ glucose iso1ncr
ac;e hy nds.orption tt'l l)E.~\E-ccllulnsc or othcr nninn cxchangcrs nnd 
it~ utilizntion in thc cc.."lntinunus fn"OÜuctiC"ln CIÍ n-fructosc are dc
c;cribed. 

l\lATI~IUALS AND METllOI>S 

1\larrrin/.\· 

A crudc prcparation of glucoo;;;c isomera:;c fron1 Bru·i/111s cnnJ!ll
/011.~ '"ª~ pro,·idcü by Novo lndustri A/S .. C:orcnhagcn .. Dcnninrk. 
·rhc DE.·\ E-ccllulos.e (grade DE23) '"ª"" ohtaincd fnun \Vhatn1an 
Hi<"chcniicnh.=- Ltc.J-. ~tnidstt.,nc. Keni. Englnnd. ·rhc l)E,\ E-Scpha-· 
d<."x A-25 and A-50 (40-120 µm particfc diam. 3.5 ::= 0.5 mcquiv/g) 
,,·-=re <lhtaincd íi-otn Phnrtn:.1cia Fine Cheniicnls .. Uppsnla .. S\\·cdcn. 
Gluco~c (.-\nalar g.rac.Jcl. 1na1cic ncid. and L-cystcinc hydrnchloridc 
''ere c1hl:tincd frn1n D DH 13iochcrnicals Ltd .. Pl"'<.llc. J)orscl. Eng.
land. anú carban,Jc írom Hopkin nnd '\Villinms Ltcl .• Chadwcll 
Hcath .. Es!'>cx .. England. All inorg.anic chcn1icals '"'ere Ana.lar grade 
"·hcre nvail;thlc. 

r11rUlce1ri1i11 ,~r Gl11c·n·""" f,\.,,,,,rrt1.u· 

Ali purification pt occdurcs \Vcrc carricd out at 4"C. ·rhc crudc 
rrcpa:-;i!icin of gh1ctl<o.C isonicrasc (10 g tky he1sis) "'HS sus¡,cndcd in 
O.OSA/ n1alcatc buffer. pH 6 . .5. containing. 0.02,\/ l\.1gS0 4 .. 7H 2 0 to 

givc a final ,·oh11nc '" ... r :?.50 n11. 
Thc suspcnsitin """ª~ ccntriíuged al 12.000 /..! íor 30 n1in .... fhc 

... upcrnatnnt (/) yicltlcd R0-90':f. oí thc original nctivity .. ~1nngancse 
chioridc solution ( 1.0.\I) \Vas addcc.1 ~lo\\·ly to thc- c;.upcrnn.tant \\'Ílh 
~tirring Hl g.ivc n final conccntrntit ... n nf 0.0,5,\f . .'\ftcr 3 hr9 the 
pn:cipitalc \vas rc1110\.·cd by ccntrifugntiC'ln :ind tliscnrdcd. The. su
pcrnatant ~t."'lution '"ªs brought to 70% saturatiC'ln '\vith -splid 

0

an1-
n1<,11iun1 sulfate. 1.ºhc precipita te t,h1nincd by ccnldfug~tion a.t 12.000 
:s..· "·ns dis~<,lvcd in 0.01.\/ n1n1catc buffer. pH 6 . .5. Thc solution "'ª5 
\.lialy7cd nf:ain~t thc ~an1c buffer for 3 hr. Dialyzcd cnzynic s0lution 
( t R n1n , .. ·ns placed on a column (2.5 cn1 dia1n x 30 cni.) contnining 
DEA E-~\.""phadi:x 1\-.50 rn·cvi<lu~ly cquilihratcd "''Íth O.O 1 /\'1 n1alcatc 
huffc1·. pi 1 ó.5. Aflcr pa~sagc- of 1000 1111 of thc snn1\! huffcr .. thc 

IMMOJJll.17.ED 01.ucosr-: IS~>MlrnAsi::. 

enzyn1c \VHS cll1tcd by stcp,vise incrcasing the riota"siurn chlnridé-" 
~?nccnt!·n.tinn. ·rcn nll nliquots· nf eluntc \.VCl'C collcctcd cFig. t \. 
1 he act1\'1ty rc':<~_vcrct.J nftcr chttion \\.'HS nbout 90~ of that hi:u.le:J 
~1 11 thc_ c~~un1n: 1 he 1·cc;11l_ts fo~· spccific acli\•ity nnd yicld <..,f gluco~~ 
1snn1c1nsc ch~nng _Lhc puníi~ntlon slcps are givcn in ·rahlc J. Dcspit~ 
thc:, lo:" punficahon fnctnr (4-5 tinles) thc spccific nclh.-itv nftcr 
D~:.1\h-Scphadcx chro1nntngfnphy '"·ns rc1ativcly hiuh c'-"•~1parc J 
WJlh prcp:i1·ations u_btaincd fron1 .c,·1r~·¡>to111yc-r.,. p'1aeoci1ro11h'S:l"'U:~.,.: .. 
Lactohac1/111.'i: bre1·1.,·. 11 /laci/111.'i rna¡.:u/an.'O'. •0 and Strc-plolll\."<"c'.'" J.:ri-
... eo/11.\· •·1 • 

/111111ohili~ntio11 t~f Ciluco,,r 1 ... 0111rrt1.'il" 

. ,A s1~spcnsion oí 500 mg (út:y wcight) oí prccycled DEA E-cellulosc 
01 a¡t1va.tccl ~"1EAE-S_cph~dcx in distiJlcd \Vatcr \v:as StirrcU gently 
~t ~ C \Vllh a ~ugnet1c slsrrcr. Cilucnsc isonierac;c solution "(4 1111 ). 

\Vh1ch wns obta1ncd afler prccipitatinn \vilh nn1n1oniun1 .:;ulfatc. ''"ª"• 
nddc<~ to thc ah<lve nnd stirrcd for 30 n1in at thc san1c tcn 1pcnttu1 • 
thc fin~I :voluni~ bcing 50 rnl. ·rhc enzyn1c-"11ppnrt conl¡ilcx ohtainccci 
\vas. w.:.~~hcd \VJlh 500 rnl c.lislillcd "·ntcr and suspended ir1 c;n 111 1 
\VHlcr •. J hcrc \Vcrc no apprcciahlc diffl•rcnccs in :u:th·itv n:-tcntinn 
whcn c1thcr the DEAE-Serhndex A-25 c'r A-.50 ""ct·c rrct;·catC"d ,vith 
0.10,\I phosphatc buffer. pl-1 7.0. or 0.10.\/ malcntc hufíc:-r. pli 7.0 

1.0 

0.8 l 40 

~ ·\ ] O.& \ r~--- 30 ~ 
~ 

]>, 

0.4 l jr\\ : r! • 20 ~~ 
~ 

0.2 -" _s-J- \' 1 ~ .--H---~. 10 
---· 1\ .. 

---- .--· -- ii "'....! .... - o 
o 20 120 160 200 2'0 2llO 

Fraction Number 

P'i~. l. Chrnmnln{!rnph)" nn 111~1\J-:-Scph:uJi:x A-50 ní thc en 7 vmc prcf":tnitii>n 
l 1htmncd hy prcc~pitntion with nmmnnh11n sulf;11c. Cc•lumn t2.:"i e~ 1.finni v 30 cmi 
wn~ clutcd !"lcrw1o;.c wilh O.O!". 11.J. 0.2 .. n.). and 1.0,\f KCI in <LOl.\/ mnlc~ 1 rc huffci. 
pll (1 •• ~. nl n Onw rnlc or 1~ ml/hr. Fraclinn vnl11mc:,. wcre JO n 1 1. (··l Abc.t•ih:1 ncc na 
2KO nn'l: (•J µlucnse i .. on1era'c :1c1iv11y; C---- .J KCI cnncenrroitinn in, 'nene f, .. fi 1,, 
cnhunn. 
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TABLE 1 
,.._ _________ P_u_r_ir._oc_•_••_io_n_C'lr GluCCt"iC hC'lniCrno¡c -Activily 

1""> S.pcciCic: .. 
St1rernnt:tnt t /) 
~tn2 • treé\tmcnt 
·"'nm("nium "ulfnle 
Dinh.~1~ 

OEÁ R·Scrhn.dex i\-$0 
chroni.nlC'l~rn.phy 

• Cnit!'. - µmC'll ri-fruetCt.;.elmin. 

PrOICJn 
(111¡!) 

:.?.:?00-
1600 
660 
650 

. 270 

nclivh)' 
-·Ac1ivit·>... .funilo¡lm¡z. ):'icld 
· <urillc.): .· rrutcin) (%) --------·--------

._ lb • .tOO 7.~ 100 
10.30() fl.5 63 
10.:?0ll _1$.S 62 
·9.200· 14.2 56 

":s.1 .... 0 :lO.l :m 

A.\.~ay 1~( G/11c-c> ... e lscu11c_ra.'ie A cti\•it~· 

Gluco~c is0n1cntse activity \vas dct~rn1incd by mensuring thc 
forn1ed n·fructosc using. a n1odified version of thc n1cthod reported 
tiy Lloyd et al. 11 The cnzymc nctivity duriÍlg the · purification stcps 
'"'·ª~ dctcrn1inccl in a systcn1 con~:lining 0.2.5Af n1nlcntc buffer. pH 
6.!': O.JO.\/ MgS0.·7H,O: O.OOIM CoCl2 ·6H 2 0, and 0.275,H o-glu
cose. Thc final volun1e "•ns 2.0 n1L The rcactinn n1ixturc v.•ns jn
cul''11cd in a water balh al 6!'ºC and thc renction slopped by the 
addition oí. 10 mi O. JO.\/ HCI04 • 

Far the a~gny Of soluble and immobilizcd enzyme in a batch reactor 
the rcaction mixture contnincd: enzymc solution: O.OIM 
MgS0.,·7H,O: 0.001;\/ CoCl 2 ·6H,O. ami 0.275 or 1.0,H o-glucose 
ndju~tcd to pH 6.8. The final volumc ""'ªS 20 1111. Thc renction 
n1b.1ure ,,·n~ incubatcd at 65eC, stirred at 250 rpn1 \.vith a paddle 
~tirrcr \'V:-irilnb ty¡ic. Citenco Ltd .• Borcham\vood, Herts., Eng
land). and thc rate of isomerization was deterrnined by taking 2 mi 
snn1plcs C"f the rcnction mixture nt intervals from the batch l"eactor. 
Each "'·ithclr:n\.'n .sa111plc \Va5 added inunediately to 10 mi O.OU\ ... / 
l-!ClO .. to ~top thc rCaction. 

The o-fructosc forn1ed \Vas dcterni.incd by the ri"H'H.lified cysteinc
carbazolc sulfuric acid mcthod of Dischc nnd Borcnfreund. 12 Onc 
unit of enzyn1c nctivity "'ªS def}ned as thnt "'hich produccd 1 µ.n1ol 
o-fructo~c/n1in. · 

Enzyn1c activity "'ns linear for up to 15 n1in renction time. The 
n.s~ay ,,·ag usually tnkcn to 6 n1in at "vhich time conversion wa::o 
hel"'cen 4 to 9t:r in nny assny condition. 

11\1MCllHl.J7..t:;n CiL•JCO~H l~Ol\tEl{ASE l:tRl 

f>r11t«i11 1\lc•a,._·11rr•111~•11t:•• 

P1·ntcin cnnccntra1in~1s ,:...·ere d~~cr111i~1¿..¡Í 1~\.- tli~' F01in. n1ct1H,d of 
l.Anvry- et al .• 1ª· cx<..~~pi for chro.111atng.ra.phic=_~<.lluÍÚn-:Chú1teo,; ,,·here 
thc C'IJ'>tical dcnsily at 280 11111 '''f.lS n1onitnre·d.. , 

Cr>11ti111101t.\· /.\·0111eri'-t1ti1u1 of 1r(i/ú1·0.\, .. ¡;.\. l>I~ •• \ /~~C «ll11/o ... ·r
Ci/11c11.~e /.'H>nu•1·11sc• (ºo/ú111ir . · 

Packcd colun1ns of in1n1ohili7.ed glucn~c i ... nrncra .... c ""ere Ct,nlin· 
ll~"usly opcr:ltcd nt 65 .. C. Col.u111n Jcnp.th~ '-0 :1dcd fn,111 :l c.·111 (.°'00 1~1g. 

IJE/\ p;.:.~clhtln~e-cnz.yn1c con1plcx as dry 'vcig.ht > tn 12 c1n 12000 n1g. 
cnzyn1c con1plc.x). Suhs11·n1c ct1nccntrations \\.'ere frnnl' 0.:!.7:; tl'l 

2.5/H O·glucosc. l)ata on the actual lcngth nnd '°'ubstn,tc :.1nd n1ctnllic 
ions conccntrations of cnch coh1111n are !"hcnvn in the figures. Thc 
substrntc solutinn v..•as pu111p<.'d through thc colun1n nt a flnv.· rntc 
of 10 nll/hr. exccp1 \vherc othcr\visc "tated. The cfllucnt \Vns cnl· 
lcc.·1cU. ns 1.9-2.0 1111 fractions in tuhe"' cnntnining: 5 1111 0.11\/ 11CIO,. 
ant.l·thc fructose productiC'ln ·waco cval11atcd. 

Fihn diffusinn '-Vas f<'u1nd nnl to he 1in1ili11g.. ns c;hnwn hy acoc;uniin~ 
fiJrn diffusion to be limiting and calculnting thc rcquircd cnlun1n 
hcight using Sattcrficld.Ci corrclation. 1·1 and hy a plot cif convc1· ... ion 
versus reciprocal Ocnv 1·atc \~·hich gavc a ~u·aiJ;!hl linc lFi:;. :!l. ThC" 
abSC11CC OÍ porC' diffU!O;fonaJ li111itatit'lll '-''ª"' Vcl"Íficd hv calcuJaling_ 
Pitchcr·s modulus. 1 ~ using an ~ffcctivc diffuc;ivitv t:.5 that nf thc 
h11Jk Uiffusivity.tn Effcctivcness factnrs ""·ere e5scn.th1tly ¡.O fcw suh· 
stralc conccntrations bct~vccn 0.275 ;i1ul 2.51\/. Furthcrrnnre .. g.rind· 
ing thc in1mobilizcd enzyn1c did not c:hnngc K.,, ,_ 1, 1, or the spccific 
nctivily (Table 11). 

TAllLI! 11 
Spccirie Activity nnd K ... ' CIÍ the F1·ec nncl hnmt1.,ili7C'd Hn7.,·mc Dcínr-c ami Aflcr 
· Grindin¡z... · 

Spcciíic 
uctlvit)• 

hmilslmp: 
r1·utciol (,\f) 

K.,.,.l'I• ¡.: - 'l'r • 

f \f) Conditi1;t1 
-------·-- -------- ----·--·------· 

i:·rec cn7yme 
Jmmt1hilizcd cn7.ymc: 

N,1nµrnunü 
Grcmnd 

9.n 

10.91 
10.79 

0.17 : 0.0:'\6 <14l 0.11 :- n.Ol 1<•) 

0.19 = 0.03.'.\ (7) 0.2~ ~ 0.017 ,Fo, 
O. IR :::: 0.02~ CRJ 



ClO 
l"l 

l='lo\2 • ltt;ITRON ANO LIMON-LASON 

'J 
~ 

=~ ~ 

ºª ~ ..., 
%°t 

0.02 o.g..c ', </• 'º'.O.OG · .. ·.:::::,O.~ D.10 0.12. 

Fi~- 2 .. Deremlcnec oí ccmve:;¡füf~;f~~~ltJ¡~.;~~~ ~;i~'. Sllh•tratc .•<>luti<>n 
rn~~inJ: 1hn.1u¡.:h the cnlumn ccintni11CJ 0:275,,f:0:1;.h1Cñsti;.o.oou1 cciu.·and 0.01A1 

M~ .. ni •• u 6_9_ , :-_:rr;B:~r!~W~i f~~~~~~:l<. ,;;: -.· 
Rco;;id~ncc-tin1c 1.tistrihutiO~ · án:~l};S¡~·;.;·ü~ing\rt1_·:1c·c~~ ·sh~wed thnt 

thc llow p:lltcrn for a L6 x 3~0 cm-·p¡;Clúid.,bcd:··cori'csponded to 
n1orc than :?n ~tirrcd tanks in ~·~.·!~i~,·~--~~~e~,~~·~.!}~ll:~:·pl~i~-~-~w behnvior. 

RESUI~TS 

Prr{'art1ti1111 t~f /11111i'ohi/i::.C'cl G/11cn.'iC' lsruurra,\"C' 

.·\.n c11zyn1c prcpanllion obtnincd nftcr nnin1011iun1 :;;ulfntc precip
it~ttic."n ,~.-n~ u~cd tCl prepare inunobilizcd g.lnco~c i~on1crasc ~ince it 
could be prcpnrcd quickly nnd thc g,lucosc iscnncrase nctivity was 
1norc stablc than that ol ... tnincd nítcr thc chron1ntog.raphic slep. As 
c;l11 be sccn in ·rahlc 111. Dl~AE-cellulosc rctnins n1ore activi·ty and 
r1·otC"in lhan thc Clthcr ionic suppnrl~. In nn.lcr to dctcrn1inc thc 
n1axinn1n1 protcin nnd nctivity that l)E1\ E-ccllulo~c could adsorh. 
diffcrcrH c0nccntr:ttions of protcin \vcrc addcd tc.1 thc ion-cxchange: 
~llJ"Pl'll"l. f-'ig.urc 3 shcnvs thnt Uf> ll'l 170 1ng ¡uotcin/g. support thc 
activity rctaincd \\":tS pr:.c.. ... portii1nnl lC'\ the protcin addcd. -r111·ou~hout 
this rangc l)EA.E-'-:'cllulose ad~cwbcd Rcl':·r nf thc pl"otcin addc-c:l and 
relaincd b\.."l'\.Vccn 9J and l00'";:. of thc initial a1.:tivi1y. No activity and 
C"'lnly ::!Or:r c..,f thc addcd protcin "'-'ªS found in liltratcs 1nndc in this 
ran~c. ·rhc n1axin1uni "·atuc$ ÍC'lr prC'\tcin nnd nctivity bo11nd occurrccl 
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Prot•ln Added (mg/g :5~PP~~t> 

¡::-¡E!· ~- lmnt<"hili.7.ntif'n ní J:!hlc<"sc i!'i.omcrnsC tct ÍJEA·H.ccl'J:·Í.lnS'C.· Üriz.Yme irn
nu•l .. iJi7.atinn :1nJ no;.t;,ay" wcrc cou-ricll out-unücr MnnrJarü ·c<"m.lition~ cxccrt Í<'r lhc 
C'<._nccntrali<"n "'' ftrC'tc-in nddcc..J. «: '-'- :' .- · .:1.;, "'·'·"' 

.. :,>· .. -::> ·<··-.: 

"vhcn 272 ni¡: protcin/g: suppoit '-\'ere ~chJ·~i~~:'·~~~(~·~·i- _1.52 n1g/g and 
J71lll unitc;;/g suppurt. rcspcctivcly. T'hc spcc~fic.'n.c.:tiv~tics o.r imn10-
bili7.ed gluco~c ison1ernse prcparations remrii~1é:d.-'.pi·a~ticnlly con~ 
~tant and '-''Cl"C higher th;,111 the specific :icti'\.•ity ní..the 'soJÚblc Cn• 

zym<" <Tnhlc.Jll). · · 
Thc nctivity ndsorbed on DEAE-cellulosc wns nol dcsorbed by. 

up to ~.:'-.\/ r>-gluco~c in thc prcsencc oí 0.00 l~\/ CoCI: hut .. \\'ithout. 
?\1~.: ... Ho"vcvcr. only IO?ñ of both protcin and uctivity renulinCd 
adc;;cirbcd artcr incuhation for 15 n1in "vith O. JO/\--/ l\·1g~:+-. \\'hile 95% 
""f protcin and activity rcrnnined o.dsorbcd afte1· incubatil1Íi for the 
sanie pcrh ... u "'"ith O.O J,\/ :\.1g.2 +. :as n1casurcd aflcr Clution in a column 
with 1.11.\! NaCI. 

Eff<•cr <!r pll 

·rhc cffcct of pi r C'ln glucosc isomcrnse. nctivity is ÚJust~ai~d in 
Fit:un: 4. 'The l."'lptimun1 pH valucs '\vcrc founc.l to l~c ahoÚt 7~2 anll 
6.~ fl..,r thc soluble nnü in1nn1hilized cnzyrnc. rcspective.ly:: 

E_((ert ;if S11h.~rr:..i1e Co11cr11tr<1tio11 .. 

1
4

hc cffcct of suhs.trntc conccntralion on thC ratc of ison1crization 
uf D-glucl...,~C "'··as invcsLigatcd i11 thc prcscnce of O.O l or 0.0051\·I 
:\1~::--. Arrarcnt l\tichnclis constnnts far glucose '"-'·ere <lctern1ined 
Íl'I" bnth Sl"llublc nnd inunobilizcd glucosc iso1ncrasc by using 

IMMOllll.IZP.D Cit.1.JCOSH ISClMHR.•\SF. 

100 

r 
~ 
·~ e 
-l ,.. 
~ 
~ 

RO 

60 . 

40 . 

20. 

8 7 
pH 

Fiµ. 4. F.fícc1 nr ("111 nn µh1co-.c i"'nmcrn.,.c ac1ivit~· in !'i.nlulic,n <--:>. ¡md '\'hcn 
i1111:-1C'bi.l!7.c~I. to l?HAH-cclha(o"'c (•). En7-ymc :Ct;,"'HY~ ''C"rc c:iniccl f•ul u1nlC"r o;.t;mtlnn.l 
cnnditinn'.'.~~c,Cp~ fnr lhc rJI nr 1he rcnclhtn mi.'1ua-c. 

LincL~¡";l .. ~J.1.-k,¡iÍ~ts .. which gnvc a ·rcnsnnnhtc srrcad of the 
dnhi .• ~-·.~~~r·a'J·e·~-~tl'O'-~ñ;~ .. i.~'<Tnhlr;" .l.l:· :-rhc ·diífcrcncc hct .. vec-n -.olublc 
~ul.~d. ifl'.1n10hiliZeCJ:rC.~'ZYnl~-,·."rO_i~.;. tl~·c: Jo"'' l\.1g~ .. concentrnt icin '""ªo;o 1H,t 
SiSnificañt~'(r .. '~:<>:o.5f: J)Út ilt.·thc hiµ.h lv1g2

• lhcrc "va~ a c;;igni11cant 
difícrcnce~(~. <:o;ool);• Grinding did nnt changc K,. u·> n.o.< l.-

:: ·:.::_;". 'L,~· - ;·~,·~.-

'··- ,:·: · ·>\.·:~{'' :'·;. llrat .Stahility 

"ThC;hé~.t :.~tability. oí free nnd in1n1Cthilizcd f;!lucoo;;c isnrncra~e Íl."lr 
Vririo·us tempcraturcs in the prcscncc of l\·1!!2

• je; sho"""" in Fip.urc 5. 
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FiA. !i. 1-lcnt stnhility or µlucosc i'iClntCta"OC'. Ten mi Cl17.)·mc t;,Ohllinn l'r immnhj. 
lizc<.I crv.ymc ~u5pcnJc<l in c.li-.titlcd w.arcr 'Wcrc prcinc11t--a1cd fc,r J~ min al th1.• 
!'i.f'ccificd tcmrcraturc,.. rapidly cnnlcd. ;ind thc rrm<iininJ.? 0H:tiv1ty "'''ªY<"'d at '.\7-C". 
(r,) .Snluhlc cn7.ymc; C•l immnhili'<."d cn7\."mc. 
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lt can be ~ccn th:,t. al lcu~t for thc 15 111in pcrind~ <.\t11clicd .. thcrc is 
e::> no <tiffcrcncc b~t\vccn the prcpnr:1tion~. Fir~1-onlcr clccav occurrc<.1 
~ at thc thrcc tC"n1pcn1tl1rc<.\ ~tudicd. "'·ith half-livcs nf ~:!8 ~ :l.9 hr :11 

• 40'C: 19:?. :::: 10.1 hr ni flO'C: nnd 55 ·:::: l 1.4 hr al 70ºC. Thc <.leca y 
curve for 60"C '""ns thc sunu" fur free and in1111obilizcd cnzy1nc. 
Fron1 the :1bovc data. the activntion cncrgy for hcnt innctivntion 
'"ns 81.000 J·1no1-1. · 

("0111i11ur>1t.t. Í,\·1u11eri::.atio11 ·~( 1rCi/11c·o,\'t• h.'" Jl/:;A E"-C"c•//11/11,\ c;
(i/,;cn H' l.Hu11c·ra,,.,. C"o111p/rx-Opt»ratio11t1/ StCzhility 

The rcsu:ts r,,r convcrsh . .,n in a 1.6 x 3.0 c111 hcd nt n con~annl 
nn''-' ratc ~hn\v that ·whcn a suhstratc solutio11 containing 0.011\I 
:'\I!!"Z• :tl pH (,,9 '"'"-.; f'ªs~cd throug.h thc col11n1n. thc activity dc
crca~cd dunn!! continunus C"lpcration. rcnching .:50';-;; oí thc initial 
ac1ivity aftco· i~ hr <Fig.. 6). ·rhis dccrcasc scc1;1s to he rnainlv duc 
to dc~orption of thc enz.yn1e during opcratinn. hct.·ausc nflcr -48 hr 
thc C<.lnVc1·~Ülll \\.':\S ont:r· Rt;;. of lhc initial valuc anrt l l'h· or protein 
rcn1nincd in the Cl'l)11111n. "'t pll ~.O thcrc ·was unlv a sn1all decreasc 
in the dc~l',rptic."'ln ratc <nnt shc.Y\\'ll). ·ro aso;ess '~·hcthcr !Vlg:!~ wns 
rc.;pClnsible ror thio;, hi~h dc~orptinn ratc. suho;.trnte sohuion al pH 
K.O and n.OOS.l/ ;\1g~J '\vas passcd through thc colun1n. ·rhc glucose 

100 

~ 80 
~ 

"' ~ 60 ... 
"' 'º e 

·;; 

~ 20 
a: 

Time (hr) 

Fi¡.:. 1~. Sto\l~itity ~,r l)EA l~·ccll11loo:;c-~h1cc,sc ¡,..C'lmcrn .. c ''·he11 ll'"C:d for 1hc C:t,,nlin· 
1u,,u.;. i ... 1,1nr:117;;ti1,n c.,f 1>-¡:luccic¡,i.: in ;¡ c..•t1h\n1n .. ys1c1n: ln1n11thi1i71•'1 C'tt.'.y1nc rreroara· 
lil•n 1.;<1111 01J!l ''"•'" r;,,cke•I intu 01 jackclctl col11111n hehl al r,!'·c a1ul "'llh~tro1lc: w:1s 
ra .. <cd lhu,ui:.h lhc cnlumn at 01 "'"" ralc uf 10 n11.1ir. (•l l .(j x .:t.n cm cnlumn 
•c:cci' in¡: 11.::!7:;.\f 1-,.¡:.luc,, .... -. O.OOJ,\/ cu-:•. ll.UI.\/ ~ti.:'': (c-,1 1.1 x 6.0 crh cnh11im 
11. ........ i,u•¡.: '·'"' t1·¡.:h1 ... ,, ..... ~. n.M.1\/ t·,,,::•. 0.0J.\f ~tg2 º! cr.1 l.f,..., J.O c:n1 column 
r .... ce1vin¡.: n.to:r,\f clu,·c~ .. c. ll.ll<ll:\f C.ºn'". :rnd 0.00:",\f fl.t)! 2 '. lnitial ¡ .. ,,lnC"riz.ntion vnh1cs 
f1~r '"""' '-'-t.•r.: ~.s. -1!', and ;\(,,-;.. hº"'l'"º""·tivC"I~-. 

lMMOHll..lZEf) Gl.ttCOSE l.SO~tEH.1\SE. 

convcrsion ren1ninc<I the s;:unc dudng. thC' fina :!R hr 0f ope
0

rati0n. 
bul dcCrcnscd to 50% of thc initial v;ilu.: Hftcr 60 hr. nnc.1 to t:!":";
aftcr 120 hr. ºlºhc H111C'llllll ni" p1·otcin ... 1iJ1 ntlo;orhcd nftcr this thllC 
'\V:1s 20':·;. nf thc initinl cn1H:cnlratinn. A 1.15 x 6.n cn1 packcc.1 bcd 
,Vas lhcn cvaluatcd and thc rcstllts c::.hn'v '\vhat scen1s to be n de- ·H 

crcnse in dcsorplinn '\vhen thc hcd lcngth ic; incren ... ed at thc expense 
of cross-sectional nrca (Piµ.. f"I). \Vhilc the rnlc uf dcscirptiC'ln doeo:o 
nnt dccrcase. thc tin1c laµ bcfnrc thc onc:;ct nf dcsorption incrcnscs. 
Whcn a lnrg:cr coh1n1n bcd C l.(, x 12 c1n l '\\."a.; <1pcarutcU continu<.n1c::.ly .. 
thcre v.1as no loss of activity for 200 hr <Fi¡.:. 7). 

·rhc use of irn1nobili7.ccl cnzy1nc~ in industrial proce~"'e~ dcpcnd' 
on n1any fnctors. ·rhc ahility to prClducc .. h:.· si.rnplc mcnnco.. n rcla
tivcly low co.sl iJ111nobi1izcd cn7.yn1c product '"ith hig.b activity rcr 
'"'Ci{!ht oí support .. '\vith adcquatc 0pcnnional sta.bility. nn<l cfl1cicnt 
use of that protluctt is nn i111po1·tnnt tcchnicnl con~hlC"ratinn. llcrc 
·wc hnvc cx.nn1i11cd thc prcparation uf in1111ohili7.cd glucoc::.c i~0n1cr-
asc 1-ly ndsorption to DEA E-ccllulnsc and nthc1· aninn cxch:-in}!t.:r ... . 
Thc rctainc<..I activity nf thc l:>EAl.~-cclluln-=;c-Aluco"'c i~un11.~ra ... c 
con1plex was hig.hcr than that obtnincd '\Vith cithcr ,\ E-cclluln.,.c 
or DF.AE-Scphndcx A-25 nnd A-:m. Thc capadt y oí Dl'A E-Scph
adex A-25 to adsorb protcin and gluco5c isorncra"'c ;H .. ·tivity couh.l 
be 1irnitcU hy the porosity of thc ion-cxchangcr hcad-=;. 1'\lthough 

~ 

• ':! 100 

~ 
. ·.·· ... .. . .. . .... . ..... 

o 80 

~ 
:~ 60 

; •o 
. ., 
-~ 2.0 

"" L-~~~~-50,__~~~~,~oo~~~~~,~s-o~~~~-' .. oo 

T 1 m • (hrJ 

1:ig. 7. S1nhility oí DEAE.-cclh1lo~c-gh1ct"~C' ¡,.11mc:rno:.e in n t.<• Y 12.n ~m e,,,¡. 
umn. ft..•d n ~uh!iii.lrMc ,.nlulinn cnnlaininJ!, 2.5.\f gh1cno;.c. n.mll,\f C-0

2
•• ;uHI n.on_:<\f 

M1t:!'~ ni 10 mllhr. 



ltUITRON ~\NO LlMON-LASON 

DEAE-Scphmlcx A-~n nd«<>rhcd more ac1ivit\" thnn Dl'.1\E-Scpha
dcx A-25. it stitl ad~'"'rbcd less thnn DEAE-c~lloln~c. Cln the nth,!l" 
hnnd. OEA E-Scrhadcx A-~O hn.;. Ullll"C ::;,\\'ollcn hcnds and thcrcfor~ 
nol ns J;:t"tO<l Ocnv prnpcrtics ns the A-25 fonn. 

f)n inimt"lhiliz01tion of gluco.;.c i.;.01ncrasc an incrcasc in spccific 
n<.·1ivity 1onk pince hccau""c it '"ª·e:; utilizcd asan in1purc- 1,repanition. 
-n1c n1axi111um activity pcr grarn of su¡,porl hound to l)EAE-ccllu
ln.c:;c \\.·a~ )700 /L.111(.ll/lnin/g.. \\'hÍch is highcr than thllSC reportcd for 
nthcr in1111obili7.cd g.h1cosc isonienlc:;c prcparatiuns. such as glucClsc 
j..,funcrusc. frnni S1rcpton1.\"c<•.\ pl:aeoc/11·,11110}.!l'llt'.\ bound to silan
Í7.ccl cnated f'H.lrouc:; gla~s.3 to glass be;uls.2 and entn1ppcd in ccllulosc 
triacctate fihcrs.' /\lso it is hig.hc1· thnn thosc rcponcU for ininiohi-
1i7.cd cclls of llnci/111.,· c-1u1g11/1111.'>, 17 ·"'" and cntrappc<.I cclls of .\·1rcf'
t11111')·crs pl1acoc-lu·,,,,h,.f.!c'11c•."' . 1P l'<.1orcovcr. thc retcntion of activity 
on ndsr:rpth'n tC\ J)EAF..-ccllulose wns highcJ· than thnt rc¡iortec.l for 
olhcr cnzvn1t:!' adliorbc<..l to DEAE-cellu1o~c. 2º·:n 

·rhc opÍinH1111 pi l vatuc of soluhlc glucnsc ison1crasc \Vas found 
h..l be 7 .2 .. \Vhich ag.recs ,,·cll \\"ith thc pH 7 .ll val u e rerulrtcd hy 
,,·orkers fron1 Novo lndustri AIS for soluble cnz.ynic produccd hy 
Rar;!lu.-. coa.~11/1111.\. '"' nnd ,,·ith pll 7.0 rcpnrted for purificd cnz.yn1e 
fr<"ni Raci/111.\· coe1g11/r111.<r strain l-lN-68.n: '" 

"l"hc ,,ptilnurn pl-l of DEA E-ccllulose-gluco~c ison1ernse shiftcd 
~li¡;.hlly tcnvnrd t he 0:1cid sidc in con1pnrison tn thc soluble cnz.yn1e. 
l-1<.nvever. a shift froni 7 .O for Sl,lublc gtucuse ison1crasc .. to 8.5 for 
i1nn1<"hi\i7cd cct1 dchris of Rflcil/11.v roa,e11lu11.v 1

"' has hccn reporlcd. 
Di.,.placcrncnts of pH curves tln\'nrd a nH·>1·e ncid pl-I far othcr 
cn7yn-:cs :Hlsl"ld"'cll to r>EA E-ccl11.1lcisc. su ch as aniinoacylnsc .. 2 :1 

A·rP-<lc:i.niinasc .. 2 ' anc..1 invcrtasc.=!\ havc nlc;,o hcen rcportccl. Thcse 
dic:;rJ::1cenicnts niay be cxrl:,ined hy thc diffcrcncc in thc elcclro
static íicld ,,f hnth cnzy1nc 1nc11cc1.1lcs and thc surrnunding aqucous 
n1cdiun1 cau ... cd by thc nct positivc chargc of thc !->llpport. 211 

·rhc ¡..: '" nN• val u e of soluble g1ucose j.,.01ncra~c \vas slightly highcr 
than tlui.t of 0.09.\f oh~crvcd hy Dnnno 10 for a purificd cnzyn1c fro1n 
Raci/111 ... c·on.c11la11 .... "·hcn nlcnsurcd at 40ºC nnd pH 7 .o. hut was 
lo,vcr than that C'lf 0.4.\f rcpC",rlcd for the cnzy1nc froni StrC"¡1to111.\•ces 

""f'·:=- !.: m ni•i• fnr l'llff ii1111iohi1i7.cd glUCOSC Ü.,unierac;;c \\/i\S also loWCl" 
thnn that·.nf 2.25,\/ rcported by "\vorkers frl"ll11 Nnvn 1ndustri 1

H for 
in11nubi1i7cd ccll dcbri~ l"Í Uacil/11.\· coa¡.:11/011 . .,.. \Ve uhservcd n. slight 
incrcasc in Aº ... m•i• nn :u.ISl'lrptiun tn l.Hlr cn7..yn1c tu DE/\ E-cclhtlosc. 
Ht'l\vcvcr. upon grinding ofthc cotnplcx a lc.i"'c-r K,., is not ohscrvcd. 
·rhus ''-"C do nl.-at bc1icvc this cfícct to he tluc to difTu ... ional rcsistnnce .. 
but h-a n1icr1.:_""1envin.,nn1cntal cff<.'Cls. "l"hc cffect. hO"\\."cvcr. is niore 
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n1arked in 0.011\f f\.1J.?,: 2 ·'. \Vhich is "\Vhat \\'t"lllld b~ cxpcctcd if c:l.uscd 
hy thc tlcnsity oí charg.cs in thc 111icrocn\•irn11n1cnt. 

Dc~orption of ndsnrhcd cnl'yn1c ... u11dcr t1ricratinnal cClnttiti<~n' 
has.bccn l"CJ""Orled fot" c;;cvcral in11nnhili;o.cd Cll7YrltC'->. Dt:"'Ol"(itioo OÍ 
nn1innncylnse frnni l)E/\ E-Scphadc-°x ..... olun1n~ nccurred at CC"ncen
trations of acetyl-n1.-1ncthit"lninc grt.--atcr lhan 0.2,\/ .::R lnvcrta"'c nd
sorhed on DE/\E-ccll11lnsc "'!ls dco;;.n1·hcd rap1dly nt lfl''" pll and 
high sucn.1se conccntration • .,:-. An1vll'!!lucnsidnsc \Va~ dc~nrncd fn .. "'Hll 
l.1E/\E-cclh1losc ni te1npc1·aturcs ;,hove ~5-:C.'2 1 \\'e ha,·c·f,,und thnt 
0111 .. glucose ison1crasc pi-cpnratio11 i~ tlcC;nrhec.1 al O. J.\f ~t!!= .... but 
n1uch lc~s so at 0.00.5/\/ 1\.1_g:? 1 

• .1\cconlinJ?.ly. thc C'lpcrn.tional hnlí
lives ur thc colunin~ aren function nf thc f\1g2 .. conccntrntiun. l"hcy 
nlSu scen1 to depend uru1n thc gcun1ctry nf thc cnl11n111~. ·rhuc; at 
O.OtJ\I f\.1g2 .... tevcl "\.vhcn using a packcd bcd C1Í ;l crn lenf!th o:ind h""'tal 
volunic of 6.03 cn1=• .. thc opcratinnnl hnlf-life "\.vns only ·15 hr • .-\. bcd 
of sin1ilnr volun1c hut of dnuhlc hci!!hl hou.1 an C'lpcratinnal h!tlf-lifc 
o(21 hr. A colun1n of 24.12 cni~' \VÍth !!Co1netricnl ~iniilarity to thc 
lnttcr could be opcn1tcd fnr 200 hr ""'ithnut Jo.;;,s nf activity \\.·ith 
0.005M Mg'". 

In thc first l"\VO cnscs a stl'iking. fcnture is that thc rcc:;idunl acti'-·ity 
plots shcnv t·wo distinct phnses: al 11rst thcrc i.;. no lo.;.s of activity 
anti thcn dccny is ob~crvcd sho,ving "vhnt appcars to tic first-ordcr 
kinctics (a plol of lng residual activity versus tiinc yich.J.;;, n stnliE!ht 
line). \Ve bclicve thal sincc adsorptinn-dc:-sorption is a rcvcr._il-.Je 
pn1ccss. thc dc~orbcd cnzynic is ai;nin ad~urbcc.I dic;;tally in thc 
colunin until it is flnally lost in thc cfllucnt. i·hus a time l:i,µ \Vouh.i 
be cxpcctcd for thc dc5orption proccss to he npparcnt anti thi.., tirnd"' 
lng "\.Vould he grcatcr in a long~r C<"llt1nin. Allcrnativcly. it con1..J be 
said that diffusinnal cffccts could niask thc instabi1itv fnr thc initial 
hnur.s of opcrntinn.'2° llO'V1''CVer. v..·e hnvc not <lctcct~d lllrn or porc 
diífusional rcsistancc by scvcrnl <lifícrcnt appronchc~ cvcn thnuJ.!h 
DEAE-ccllulnsc is a porous support. This ic;; in ag.rcc1nent \Vith that 
found for g.lucosc isn1ne1·asc irnninhiliz.cd on glass bcouh. hut llPt 

for \vholc trap¡,cd ccJl.s .. v-.rhcrc thcrc i.;;. niarkcd diffu,ional 1i1nitation 
thrC'lug.h thc nictnhrnncs.:in 

A1ninnacylasc \Vnc:; rcporled:i 1 to havc incrcn.scd thcrn1nl stahility 
"\.vhcn ncl:c:;orbccl to DE1\.E-Sc1~hadc-x A-2S or to J)EAE-cclluJn.;.c. 
Also thc thcrn1al stability of glucnsc iso111c1·;1'c fron1 Strrptrunyc1•.\ 
has bcen rcported!ln to i1nprnvc vcry ~1riki11gly v..·hcn hound in 
l)EAE.-ccllulosc. Although our data for 1hc free c117.yn1c are in 
agreenicnt with ("1Uhli5hcd res11l1c;.:in ''-"C fnund nn itnprnven1cnt in 
ther1nnl stability upon ad:c::orption tn l>EAE-ccllulnc;;c. 

--------------------------------· -------·--
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,-he U~C OÍ inunohilizcd g_ltJCOC:OC ÍSOl11Crase hns .-·cccnt}y hccn 
rcportcd''· 1

'" hy \\ºOl"kcrc:o frnn1 Novo Industri A/S. 'rhc rcportcd 
activity ( 150 µrnnlln1in/g at 65"'C) '"'ªs hn\"cr lhnn the one \VC fnund 
bcc:tu.c:oc thcy c;;ccn1 to Jun·c uo;;.cd inunohili7ctl cell dchds. 

·rhc 1on1=-tcrn1 5tai-tilily of thc c1bnvc prcparatinn. usiug 150 1111 
colun111s. !l'ccrn~ to be h.cttcr tl10:\11 thnt fc•r thc- cn7.y111c bound to 
DEr'\.E-cC'llt1iosc. 110\\"CVCr. it must be nl."llCd lhat \.\"C'" ran lhc col
un1ns in thc prcsencc oí oxygcn. lt hns bcc·n rcportcd that glucosc 
isl~Incrnic;.c fn."lnl Uoc!!/11.\ co11g11/,111.\ i..:; scnsitivc to clxygcn. <;spccially 
at cJc,·atcd tcrnpcrnturcs '\vhcrc thc ~.xposu1·c- lu oxygcn dccrcascs 
thc ",pcrational st:-thility of thc cnzy1ne. n . 

·rhc n1cthot.I ""':e havc dcscribcd is a siniplc :-tnd cfficicnt proccdure 
for ohtnining n prcr:in1tion "''ith a high g.lucC\c;c ison1cra~c activity. 
Sincc the support n1ny be reutilizcU .. thc tnethod shoukl nlso he 
ecnnon'lic:al. ·rhus il is not surprising that a JiroCcss using l::>EA E
cc11uloo;;e-immobiliz.cd g.h1co5c isorncrase is prcscnlly undcr co1n-
1ncrcinl exploitation. 

t·hC' :lllthC'r" u·i<h lt"' thnnk No,·n lnlfuo;tri AIS (,,r it"" i::irt "f lhc ¡::h1c'"'"'e i!'>nmernir;,c 
rrcraratinn n:H.1 Jcannc Curtí~. A1nctric:;¡ C.iilhón. Mn. Vic-tC11·in Elchnrt. nntl Carn1cn 
L1;pc-7 ft,r thc1r ll.·chni..::il :t"l."l.i""tancc. Thank"' ni-e ni!'>" duc- lo Dr. Jnimc f\.1urlu..,,cclti 
fi..,:- a cril1cal rc.1tlin¡.: ,,f !he mnnu!'tcri¡'tt. \Ve <'"'f'Cci:lJly \\.'i"'h lo thank Dr. l'1nlcoh,;i1 
Lll!y fo.lr hi"' ·.·n111arlc help nnd ~limulalinp: tJiscu!'>~ions. rart of lhis work wns rcr
fl"'trnicd whcn C."t11C (lf U!'- ce. H.) .. ,.n!'i- 'W['lrkin{!: n1 lhc Aiochcmical E.n~inccring Scc1ic1n 
Cof :he Dcrar:n1!"11I oí Chcmicnl :ind lliochcmic:ll Enginccrin¡;. Univcrsit)• Collcsc 
L<"nt!,,n. wi1h 1h<" lin.rncial ~urrCort etf lhc N'ationul C'l·nmcil pf Scicncc and Tccl1-
nl"'h•¡.:y. Mcxa:C"t (("O!" 1\CyTl nntl thc Hritio;h Council. • 
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DQ)"LE .. + ·;ú1L;i~~.J' ;j.)}~J~-~-l _l~L~\l)_i~¡.1}ú·1111eút .c?f ( 71c·111i«t1l.ti11d 

Bi1..1cht•1_11ic-«l~--J~11).:iá~:/./.i1JJ.i·.-¿ ~·~í!i~-~~~~-.\-~r)~ c··,J//r•.ct'_ L1N1..Í11n. l.1111dc 111. 
- '.~--~~>:_-_~'.~:~: ·: ..... __ =:~ ,:,,~1i)!Ja11(J 
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·-

Sun1n1ar~· 

Lahur..itur>· and piiot·planl hii:h·.,.pc1..•d J,co1d mi11~ oí 0.h ornd '!'- li1cr capaci1y omd 
con~i5tinM uf f1..1ur and fi, e impcl1cr~ in '1.:.-ic,.. 1 c.·:-.pcc11vcl>·. wen: u ... cd 1o fullu'" 1lu.· 
batch nnd cnntinunu' d1 .. n1ption uf h;1S..cr,.· ycast tSarch111·111n.'r'··"" , .•• ,·rri.\iurl. ,.hi.· 
mili:. ;uc not .. calt."d .. ~4uh.·nh:nt!<i.. Tl11"('ltl!!hput~ n..1nµin!! f1om 1 x 111-.. n1:t::--cc h' l.:! > 
10-c. m~~cc fur thc ll.6 lí1cr mill and fnlm I<• x 10-• m:t,,cc ""' 100 >. u1-•· rn 3 .. ce fui· 
thc !- liter mill "'Cn! u .. c-d fur conlinuuu .. di:.ruphon ... 111dh:~. '\":1d.ahk·,. ~tudicd in
cJudi..•d thc cncct C.'Í in1r-cl1cr tip ~flc .. ·d. h:n1pc1a:urc. oind p<u.:\...t..•.J ~ c;1,.1 1.:u11(.·cntr•1tiun 
lr.sn¡!in~ from 1~ 1<.t 7~ ...,,_ "d¡::ht pac.·l.. .... d yc.a~t1. ["li .. ruptk•n kin ... •1ic.· ... •t!'>- mc¡1 .. u1"cd 
by thC" rclc:air.c of !'>-oluhlc rualtcir.. ft•lh'""cd a lir ... 1-1.rJc1 n11 ... - t..•41wtiCln. 111c ru11,: 
C005.tant lodn¡; ;, ÍllllClion tlf j111pclh.:1 tir 'f'C'-""1 :tOÚ yc:;¡..,¡ .,·,tnc.·cntr:1tu·-u1. f~ur· CllOtin• 

uou~ di~ruptic1n :-tud1c'° tlu: t-.co.ad 1nili,. h1.:h¡1"1.-cd ª'u .. cru.·~ nf ..:untin1hlt1:- ~tirn.:d-tan~. 

re:tctc.1r'"- c.tch impclt...·r f,,rn1in¡.:. ~' 1cnctur. In tlu: ~ma1icr rnill :a ..:u1...,idcr:1t-ol..- dci:1cc 
uf backOov.• he1wct""11 1hc rt""•ICh'"trc.;. v.·a ... r.,,·id ... ·nt. Fur ccrtain rnh.itu.! ..:undi1iun:-- tlu .. ~ 
n1aximum umnunt of rclc::.t:.at:>lc pnltcin ,,..a~ dcpcndcnt un thc in1Pclh.?r !!"'º',1nctr>. 
constn1ctíon 1na\criul • .and at"1 lhc 1.Ct.111c.·cntn1tiun '-"Í pa ... ·J... ... ·d >c:.s1. ,.he reta ti" e pct"cr 
efficicncic~ of thc t ..... u rni11~·•1n• di ... 1.:u~!<i.Cd otinui,: Y•dth T"'" ... ih1c ..:ritcna for ~cnling tlf 
hc;td mi11!<o. 

11'TRÓDllCTI ON 

Jn 197::! wc dc~crihcd ycast cc11 rupturc in a vcnicu) hc;1d 1nil1. 1 

Protcin rclc<.J!-.C apr>car("d lo be :.1 fir~t-,.,.rdcr pre.lees~ "' Íth n.;spc:ct lll 
tinic and '"'e '"ere :thle to shn·w hov,.- disr11p1ion cffi~·ic.:ncy varil·d 
v .. ith bcad sizc. bc:-td load .. cc1l conccntration. :.1g.itatur :-.ru.•ct.L :.11ui 
tcmpcr.aturc. Sub.st:qth!ntl:Y- Vi.'c hricOy dc:--.cl'ib1...~d thc bchaviur oí .a 

• '" Prc":nt ;ulUr·c,.,.,.: Dcpartnu!nH1 1.k- Bioh:t.•nuh~µia. Jn,titutu de ln.,,,.c~tif!0tC1nn'7~ 

Biun1 ... ~dica ... Llnh·c.·J" .. iJotc.I ?'ai..:i,1nal .-'-11hl11,unn '''"' !\1C,ico .. J\p. P1.""t:1I 711~~K. ~1t.0 '1CO 
:?O. DF. . 

~ P1·c~cnt .:1t.1Jrc .. s: "'-"'-·llcnmc F.1\1.U.V. L:1h,l1a1h11·ic!">. l"u1hl·ii:ht ... S1inc.·>. Eiiµlomd. 

Uhtti..·..:hn,,htJ:!> ;111Ll n¡,,._.,,J!'Ílu-'-·rini:.. Vt1I. XXI. Pr 7~~-77-t 11•>""?•11 
(!'. l'J7'J J1,hn \\'ilc> .. '-:. S11n ... · lnc. ~Ktt1t--::a~·.1~ 7•1 _00:1.07~"''-ll1.0ll 
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1111·,.·c adv:111c.:cd 1Hiri7unt:il hcih.I n1il1. 2 ()thc1· \Vnrkcr ... 3 ··• havc cx

an1int:U thi!-t htiri7ontal niachinc. 
Stud:cs h.1 date havc nnt indicalt.·d thc 11;i1ú1c ... r thc lln'\\' anti 

n-d,ing pat1c:rnc; invt.ilvcd \\·ithin thc ag.ilatur· \.0 h:in1bL·I": Sin<.!C' an 
11t1l!CI"""l:tllding. ('\f thC""C j.;; i111J'll'r1:1111 in tt:rlll..._· C~f tl~Í..· dC ... ÍJ:!:ll nr agi\atol" 
1nill.,,. fn:· rnit:n"l'iaJ ccll n1ptu1:1..•. \\'c.. .. hH'""-" c'xtc-nc.h.~ll uur cnrlicr \vurk. 

\Ve n:irHirt hen .. • a study ni" h1bt.1ratc.iry :ind pi11~t-.,,.ca1c hnriznntal 
a~itato•· rnill'- ,-.f c.;.i111iJar de~ign. A.:;, in thc pa.,.t. "·e ha\'c uo.;cd hakcrs· 
yc-a .... t <Sr1tT'1art•IJ1.\"<"tº.\ et•,.,.,.¡_,¡,,,. t a ... -.tc.st nnucrial~ 

;\IATl~ÚJ,\LS A¡-o.;1> ;\IETllOÓS 

· 1\I i ,.,.,,, 1rg11 ~,;,\ ''' 

All c.,pcri1ncnt.;; '"·ere t:nrricd out.using cun1.n1crcial p:1ckcd hak
c1·s· yc:ast. S1uTltt1r11111.'·c1•.,· t"t•1:c~1·i.-.it1.t•. nhtaincd íro1n thc Distill~1·s 
Ct" ... Ltd .. L1.1ndnn .. Engl;uul.-.lt '"ªs kcpt rc-l"rigcratcd and uscd 
'' ithin n '\vcck tif its .ardvnl. D1ú·ing thi.". sturng.c pcrind thcrc "'ªs no 
chan¡;e in thc :1n1titull "'"f rclca~ahle pn"llcin ns 1ncasurcd hy disrup
tion in a hcad n1ill. 

ª''"" ,\fiJ/ 
·¡-'""" !--i7C"'- '"r IH,ri7.t'tl1tal hcad rnill..; (\Villy A. Bachofcn f\1;,1..;chi

ncníahrik .. Basc:l. S'\vitzcrlanth "'Cl"C ll!'-Cd cr;1blc 1 ): n laboratury 
n1ac-hinc < nllidcl K DLl "'ilh di!'>ruptku1 cha111hcr voh1111c ní 0.6 litcr 
anda rilot-rlant n1achinc <111udcl KD-!\l nf 5 litcr disruption chanibcr 
volun1~ e Fiµ. U:t)). ·r11c ''"'"' nllil.lcl.~ nrc nut 5calcd cqui"·alcnts. ·rv.•o 
tyrcs uf in1ricl1cr.,,. are availablc fur buth machines as shown in 
Figure l<hl. 

Glass hc;1d.;. of 0.42-0.5 111111 dian1 "'ºere uc:oed. During continuous 

~.iquh.I ".~11111u.·.1 lil1.•n n.~:? . ~.4!'1' 
Nun1l•C'r t•f iiuJ"'dlcr-.. .. ... 
lmJ"'Cllcr tliarn 11111 n.ot'"1 n.1~<· 
C"h:unt'lcr 1lia111 l nll n.n77 0.1!°'.t 
'.\.1,,lnt· 1·:t1in¡:. (\., \\") 1.tt~ IO 

111011-SPHHI> UE . .\I"> Mii l"fll( CEl.1.. ltL'PTCRE 

tih 

lh• 

l·iµ.. t. llol'Í~onto1I hcHtl mill~.luJ µcnt"r:1t vicw .. r ruill: ,...,, <l'-·t:1il .. 1tl 11l .. 1a1nlc ..... 
.. tccl :1nd lii) pn1ymc1hunc in1pc-lk1 ... 
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of'cration thc 1'cad .... are rctain~d in thc- niill hy ;u.ljusting thc gnp 
bct, .. ccn thc 1T1tl1r anc.l .... 1at<1r tn ll.07 111111. 

Bl'th n1illo.;. are 1.."'quippcd , .. ·i1h a ct1ulinµ Jiú:kt.·1. Ft1r thc 0.6 lih.:1· 
niil1 :\ ;.:·~ ....... cha111bL.'"r ''"ª"' ll~t~d for din•ct llh~C..·;i·va1i<1ns uf thc l1o'v 
p:tth."'rns; and bcac.l cli..;1rib111it111 d11rinµ 1nixi1~g. ~tutli< ....... Also. fur thc 
0.(, litcr 111ill a pnrt hl"t""C't..'ll 1hc· .... ccnnd ;ÚÚ.1. tliii·d in1pcllcr alhn .. •cd 
;iccc.:;.s fbr !-'ampling ur in_icctil111. · 

/)i ... r11pti,~11 /'r111·c"Clttl't• 

Bakcrc;;.- vcnst (45":"; ,..-et ,..-ciJ.!hl/vo1un1c> , .. ·a~ •••.'uspcndcd "'ith él 

Sil..-cr~on ;tirrcr-hon1ngcnizcr in n1t.·diu1n cnntaining 0.15/\'1 NaC"I 
nnd 0.00..l.\/ K:-H PC>.1 • a~ pr·c,·iqusly rcptirtcJ. 5 

Thc n1ill , ... a~ fill~d , .. ·ith thio; "ll"J"'cns;inn fllr hatt.-h trial"' •. ·;111d 
cocilcd lt' 5"C. Thc n.<i litcr 111ill '\.vas o¡.,.cratcd fnr thc durntinn ~ir 
thc h;itch nin :1nd "'an1plC'd :tt ti1ncd intcrval~ "·i1h a o.;.yring.e nttcU 
n·ith n pc.1ly<..-:ul"''11H\lc 1ul,t.."' nf 4 n1111 cliani. Thc 5 litcr n1ill '""ªe:; 
opc:ratcd in a ... 1np-and-µt1 n1annc1·. l,ccaust! san11ilin!! frl11n thc n1n· 
chine durin!! n¡i\!ratinn 'vas 1H1t fca.,.ihk ... 

<--l,ntinlH~ll"' lrial.,., '""ere ca11 ic<.J c.~ut hy p11n1ping. lhc ycast suspcn
sinn Ctt!'ing. I\tnno runip..; typcs SB 14 or .SB15> tl11·t.1ul!h thc n1ill until 
stcady-~lntc cc.,nditi,,n~ "'"ere nchicvcd ao:o nolcd hy analysi~ of the 
cxil strcan1. Es.ccpl , .. ·hcrc nthcr,visc "tated .. thc ycast suspcnsinn 
'~·as conlc~t to ~ .. C t"'rior tu disruption. · · 

Thc disru¡,tt"d yca~t -;us1~cnsh.1n \Va~ ccntriíuµ.cd al ~<1 .. 000. /.! for 
Jll 111in in a :-i..1SE-L ccntrifug.c nnt.1 filtcrcd thrc.1ug.h \\'hatri1an- filtcl
f':tpcr. Pnitcin ''"ªs as5aycd h): ndnpting. thc n1cthc.~d nf L.o\v_ry. et :11. 6 

ton ·rcchniclln 1\.uh~-An:.\lyscr. · · ___ <-: .>::.'< , '. 
Protcin ctinccnlrntion "·:1s cnrrcctc<l fo1· .~utids contcnf ,of. the 

yca~t ~us¡.,.cn~iot1 &\<i dcscribcd r'rci:iously. 5 Ali 1~c;:sgc~1l~--. u:c:;c~t~irl.itllC 
as5ay rrc.'lccdurc '-''Crc nnalyticnl g.r:u..lc. -;-_:·::-.,. ' 

- _.' :~~~:~.: 
:': .. :-. .::··'.· l:i" 

TraC<'I" Stttclit• ... - .,:··_: _ _ .. -=-·- ·-

Thc~·:c "·ere carricd c.iut by i11jcctinn uf a pulse.oí n\i)~c:·¡¡~· tí~~·ÚitCt · · 
stn:ani tif ~' cc.'lntinul"H-!-'ly Clpcratinl! n1achinc~ ;\Od·'.~-·,11c-.~s·t1i{ng,._J1S · 
cnnccn1r;Hil1n in thc tiutlct hy ctilt1rirnc11·y. ~rcchni~n1í·i!ik·_, .... ;;,.¡_~ fui.1li<.t 
h:' givc th~ bc~1 result~ anll ''"ns uscd as thc tc!'l tlyC;- .· ·· 

Nt1rn1ali7cd cxit agc distrihuliun curves .. ,.c1·c c;ilculatcd ns dc
scribcd hy Lcvcno;.¡.,icl. 7 

' -

Fnr n1-si-nr<1cr·<1·i:;;;f::;t,{Jl2¡·;:~·[(~~;·(,:~};.;:',;i 1 
•• r ¡,n•tcin rck·a•c· ;~ 

dircctly. fllºl'l'"·u:t i~1.1)_í~i, in;. lh"C::;~i:t\~.~Ü.i.!~ 1:.i~(i1ill~lc:\~c¡l 11i=~..'llcin 

< - ~ 111~}~~~f &;f ~,~~~f·i~~!~i0~~1\\}r . . ( 1 
l 

"·hc1·c. R is_ tl~c~\~·c~~-h~'.·¿~-~-1~~: .. ·. 1:r~Jc:t:cd.,pc·r~unil "·cighl uf pack~d 

~~:~¡~~; .. .f~·:.:.~~i;~¡¡i~\~(\~1~~:1l@rit};1*~ii~'.'.~:~;~',~c~~ rclc: .. se. ami k is thc 

lntc!:?ratjun ur~-.~l~·:.:.<_.l):l~~.~.'Y.cc_1~.vt_~.:'.~l .and t ·= l gn:e~ 

-'·hcrc his·.1l1cr~,~~~~r:~if0~{;;1i:J~~.;~,t,:,0~-1.:.,:c:a•cu r1·.,1cin. 

1 ~ 1 

Usil_1ii:·tl.ú!~<~_.6:.l.ilc1~~n1ill:_·.n~/_~,·a.~11~."' ._,f n.1nn ± n.un::; kg. pn~tein 
rclcasC/kg ·_ pUckc.d ycaSt , .... Cl·c ,nlca ... urC"d. F._,r hnth "lnintc.,.~-.,.tcc..~I 
nftd pnlyurCth;úú: itnp'Cllcrs tirst-01·tlcr kinctics '~·c1~c notc<l ( Fig.: ~l. 

Time (secl 
t='iJ?,. 2. Bntch c.li,n1p1inn nf yc~1 .. l in O ío li1c·1· 1nill ( }" = O . .J!'. 7" = !'~<:. clo .. cll 

o;;v111hnl .. o;;1:1inlc'~· .. tccl in1pcllc1 ... or•~n .. y111b1>!-. pc>h.t1n:th.1n~ i1nrc.-!:c:1'\. 1 .,, "• ·
:?Ó n1/ .. ce. l.: .,.. ().0747 .. ce •: I' •l u, = 1 ~"'"'"'ce. f.. - n.n."·S.:. .. ce ': 4· ~J 11, - tn ni. ..... c~. 
l.; -= O.ll'.\H4 ..,ce: 1 : C·:J 11, - ít.7 1n/o,;r...:. J. - f).ll:!:!'\ ..,ce 1 
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Prnhlcn1s uf tcn1pcrnturc ri~c in r11n" cnrricd '"lll ovCr cxtcnd~d 
t'"'crk,c..1-.. it) thc 5 litcr. niill prcvcntcd thc dircct 111ca.,.11rcnlcnt ,,r thc 
R,, valuc. Thu~. thic; valuc "~·o.is- nbtaincd by dctcr1nining. ~thc R.u' 
v:duc. ,._.hich yich.1:-. a bcst data lit fnr a rirs1-,~nh:1· pr~lccs~··. Thc 
co1·rc-..punt.lini; [) valttc ic;, !'>lunvn ¡po /> •. · 
. l)i"ruriti.on dala obtnincd íor thc 5 litcr 111ill upcn1ting nt lc..n~; 
1n1pcllcr ltp ""'Peed~ (u, = 10 n1/-.;cc) t.•:111 be rcj;rcc..cnh::ll hy íirst
,,ruc:r kinctics <Fig. 3). r:·ur highcr in1pc:llcr tip '.'pccds thi'> is nul 
ro""~ihlc. 'Thcrc Í!". little justincath'111 fur u.,.in!! hil-!hcr urdcrs nf rc
actic..,n lo fil thc dnta ns thi!'o dc,.-iatinn ín.1111 nr"l·\\n.lcr kinctics n1ny 

e 
o 

100- / 

A 

Time (secl 

/ 
A 

150 

Fif: . .'.\. Balch cli..;.rup1i,1n ,,r ycu-..1 in :- li1c1· mili. 11, ~..,.. 111 m-",t'"C. )" -: Cl.4:-. t -= 
~·e:' .-a pl,lyu1cth.anc in'1'clh:1 .... Ruº ,.... P.n~.s. l.. "'" U 0-1.tn ,e~ ~; ,, .. > ... 1ainlco;.._ .... 1rcl 
imrclicr ... 1' u. = 0.04h. J.. = U.019~ o;cc •. 
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he c..hu: in p:trl tn diíricultics·cxpc..'"ri.:n~c~I. ~.~1. '-'"''ntrolling. thc t.cn1pcr· 
ature ,,r lhc di!'ruplinn 1ncdi111n. l~urthc111ll'1·C. ill-cnntra't tu thc 0.6 
(jlC'1" iniu:hÍllC .. - Si,llllpJin~ t'IÍ 1hC \(jo.;rÚptjÚ-~1· tll~dilÚll 1:..:.quirec..l.thnt th~ 
i111pelh:r drivc he !'loppcd. Evcl1 ·in ·t..·ai.;.c,· \\·hcrc ·rrc . .:..h n1cc..liu1n ":as 
uscc.~ .ínr cnch ki~1clic datn111 p.nint. lhc.a~~c.clc1n1i(111 ;u1d dcc:clcratiun 
oí thc hcadl' cuuh.t \VC:ll he rcsponsiblc.fc..,r;thc. n1c-asurcd highcr rafe~ 
of protcin re.lcac;c cnn1¡.,arcd \Vil h. thoo;c ·c_xr~C\..·tCd. frc.,111 n íirst·ordcr 
pro~css. 

l:;Oi•<"I t~/" Tc•111¡><•rcit11rt• 011 Pi.~r11¡1tio11 Ki11c•tif".V 

C)\ving to thc sizc nnd g.c:1111ctry uf thc 5 litcr 111il1. thc Cc..l,.,ling.. 
jacket arountl lhc disruptinn chan1\ ... cr c::1n1H1t rc;Hlily rcn1nvc hcat -~ 
dissipatcd during rotatiun of .thc i'mp<..•ltcrs <mudific::itions "' thc 
cn1111ncrcinl nlachinc hnvc sincc bccn n1adc to in1provc cl''lllling.l. 
·1·11crcfn1·c high·lcn1pcraturc riscs. oc.:c.:ur and it i.;; nccco;sarv to de· 
tcnninc thc eífccl~ oí tcn1pcraturc nn dio;oruption kinetics. Table 11 
givc~ sun11.: ty¡iical ternpcn,turc ri.;;co;o in n 45r.;. packcd ycao;;t <.lio;;pcr· 
sion in a 5 litcr 1nachinc cquippcd '''lth a co,>ling jacket hcld a1 
-IOºC. 

Thc cfícct nf thco:;.c tcnipcraturc risco;; 011 yicld "vus 'tudicd 1-'ty 
fnllc.nving thc disruplion nf ycnst slurrics at average tcn1pcn:ltu1 c'."
ranging. fron\ 5 tu 40"C 1 Fig.. 4). C)vc1· thi~ tenlpcr:uurc rang.c thc1c 
is n t.lccrcao:;.c c.."r 18';;.. in lhc protcin rclcascd. lhl\vcvcr. º'·cr thc ~ 
to 2tl"'C n:H1gc a dccrcasc in yicld oí ,,nly 21

·;. ''"ª"" notcd. In a11 L'thcr 
tlisrulllic.ln cxpcri111cnts thc fccd ''"'ª"" n1aintaincd at 5-c. tlH~1t.--f,,,,.~ 
no corrcc"tinn · i~ n1adc fnr. lhc cffcct uf tc1npcraturc 1·i..,c "111 yi cid. 
·rhc coL11ing, systcn1 un thc o.r, litcr 1nachinc n1aintaincd tc1npcratt1n! 
ri~es al lcss than (,"C. 

T,, 1\1.H ll 
Hfícct nf Thrnuµhrut c111 ·rcrnpc1011111·c Ri...,c• 

Tluo11ghr111. C! .. 1ai111t: .. , .... 1\.·,•I rnl•ou1clh;,ne 
cm:Y~ccl impclles- i;npcllcr 

-------·- -
H3 ·x lll . ¡r,.5 17.0 
~~ Y. lll . 17.0 19.5 
42 ,.. 10·• 1K,O ~;!.O ,, ,., lll . :?n.o :?H.ll 

• Fh.·c 1itc1 n1i1I. "' = In m''l .. -< .. :: inlct h!'n1perah1rc of 
yea .. 1 di,.rcr ... ¡.,,, .., ~->e· 
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'º 20 40 

Tem-pe ~·a rU r·e<< e .~e,-
Fii:. 4. E.ffcct <"Í tcmrcmlurc ~¡, the l:Ú.~,r~~·;¡~.;~·~.kin~liC::~:¡n u 5 litcr mili 

't:linlc..._, .... tccl intpcllcr..: Q a: M.7 .x.· I~~~--~~~..,~~:' 1~~~.~· tt.!'!"'sc:c. )~ =· 0.4S. 

.. l.. ,v, .. ;::';:.~·_:~' •. - -

wilh 

Somc typicnl trnccr cu~:t~~i~f:,r}~~:;·j~':¡~_¡¿~1i';~i1' .techniquc. nrc 
prcscntcd in tcrn1s of lhc n~Fª":l~lize_d._,_cX_it:.~\g~·.'(ti~tl-ihútio1~ ftincti_on 
CE. l and thc l"cduccd l"csidence':·time: (lll CF.igs}.',s".: .. 7)·;· Sevc·r..{1 niudcls 
can be u~cd to dc$crihe thC .. ~\iX_i1í_~~~~-/~o~V)~;\t~.C~~~~·.~·.i_thi.n .thC mili: .. 
In thc 5 litcr n1ill th·e tn:1c~r:.ct~~rvc_·mn.ic_hcs·\\·é1~ .V.:·hh~a· ~~íitin.uó~1s 
stirrcd-tank reactor <CSTRr;ri~se.i-ics 'niódcl. thc cqiuitión',for.'\Yhich 
is · · · · · · · -··.· :.. . . . 

jJ.(JJ-i.e-J,. 
Eo (j _ I)! (3) 

and \.vhcre in this case 1 he nun1bcr l"IÍ CSTRc; · ( .i) is found to be nvc 
< Fig . .5). Thc 5- lilcr n1ill consisl$ of fivc in1pcllcrs. thcrcínrc the 
C~"tllCcpl OÍ :.1n ilnpetJcr fnrtning a SÍll.l!IC CS"rR g.Í\.'1..•s ·a s:.tlisíaclory 
p1c1urc oí thc no'\\.' pallci-ns in lhc niill. Sin1ilar lral·cr proíilcs "'Cl"C 
Clbl;tincd f<"r bClth ru.'llyurcthnne and stainlcss·slccl bladcs opcnlling 
at tip spccdc; of 10 n1/.scc. ""frnccr studics al hig.hcr lip specds ".,;re 
nc.'\l possihlc º""ÍOJ:? to thc appcnrancc t"'lf cnllnid:.il glass in thc 011tlet 
trnccr san1plcs. · 

Thc traccr curves obtnincd in thc 0.6 litcr n1ill ( í-"igs. 6 and 7) do 
nc."'t C(1J-rcspnnd to a fnur c..·sTR in-scrics 1nodcl. ;1lthough this 1nill 
consisls uf four i1npcllc1·s. Thc peak pc1silinn ( n"' l n1ay he usccJ ln 
char:lctcrizc •• norn1ali7.C'd cxit ag.c distrihutiun curve.." in tcr1ns nf an 
cquivalcn1 nun1¡,C'r oí CS-rRs in c;crics." As shn'\\.'n in #rahlc 111 thc 

JllCill·SPH.F.J> ll~'°'n Mll.I. F<ll~ C"HLI. Rl11"TL1RE. 
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Reduced til'l'e, 6 

Fig. !\. ·rracc:r !<oU111ic.,.-continin•11.,, n,1\\.·thrr•11µh ~ lílt:r mill. 11, = 10 m·,.cc. {! 
= fi4 x 10-" m:Ysc:c: (•"'> pol~·urcth::1nc irnrcllcr ... : l•l o.;t:1i11kso;; ~lccl impcllcn: 1--l 
1hcurc1icnl curve rnr 4 l"STJto;. in ... cric .. : 1- - - .) thc.•nrctic:il cur,·c ít1r ~ CSTRo;; in 
!iCric:~: (---1 thcnn!ticnl curv'-• rur Íl C"STR"' in c;.e1ic'°. 

0.6 litcr mill niay be rcrircc;;cnlcú as a serie"' nf hct"vccn onc .and 
l\VO CS#rRs for lhc rang.c uf fin\.\' n1IC.._ :11u.J Ínlpcllcr lip 'Pt:Cc.1"
studicd (cnlculalinn uf thc cqui,·alcnt nu1nhcr of CSTH.s ha~cd nn 
varinncc of thc <.li,trihution curves Í'.'=; not rc1ic1l.,1c for thcc;;c ,,·idt..· 
distributiuns). Rcasonnhlc agrcc1ncnt hct\\.'ccn n1casurcd and cal
culatcd traccr distribu1inr1 curves is obtnincd u"ing n cs·rR in-<cdc~ 
n1odcl \.vhcre j is not an intcµcr• and aho u"inc a n1odcl ha"cd on 
thc d.ispcrsion· nun1bcr 1·rahlc 111) for· a clo"cd \.:c~scl. 7 

A rnudcl thHl givcs a hettcr physical picturc oí lhc now paltcrnc.. 
in thc n1ill is hascd on partial hacknnv.· fronl nny onc CSTR to thq 
prcvious cs·rR in thc se rice; ( Fig:.. 8). -l"his vicw i" supportcd h5·-t 
c:<r>crimcnts \.vhcrc thc traccr \vac; inicctcd bcl\.vccn thc fir~t and 
sccond Ílnpcllcrs. B;1cknnw of traccr.tn lhc rcginn of thc fina irn
pcllcr \.\'as ohservcd. Thc tn1ccr curve fo¡- this ffil"'dcl Í"i givcn bv tlu· 
follo\ving. rclationshir: 11 - 11 • 

E:,,=~ p(i)·!: •-e-11.-
1 .... 1 T 1"(1 - 1 )! 

.,.. = l/jCI.+ 2h/Ql 



= 

l.lMC)~-1..\SO~ E"l~ Al •• 

ñed uced tir:"I e. ~ 

Fi~ r.. Tr01cc1· !'otud1c,.-contínu...,11 .. 01"'"'·-thr<"l1p:h 0.'1 litcr mili '"·ith .. t:iinlc...,o;,-~tccl 
imrt:llcro;,; '.a.' Q = t .00 x 10·'" m"/ir;cc: <ol Q ,... J .~O x tn ·" m:.: .. cc: e ·~l Q = ~.R7 

.... 1n "'m".'o;,ec. ,,, """ lfl rnf~ec: f•l Q = t.~O x 10-• n'l"i.;;ec. ,,, = I:" rnf..,cc: c--l Ir/ 
(}""' 5.0: f-.-J /1/Q = 1.0; C- - - - -l /./(!=O: •111fr,r4 CSTR._ in .. e1ie~. 

\.Vh~TC ¡"1(i) is thC probability tif apf'Cill":tllCC' tlÍ tr:u.:cr in thc ClllllC:l 

..:trc:un 01ftcr pa.,.c;.i11g. throu~h i cs-rRs. ·rh:..; rn1h&1hility funclion 
t.!t:'pcnd~ Cln thc ratio t.'lf 1:-ackíl\.H\' hcl"'-"ccn CSTR' ( />) to the ovcndl 
flt.n'· r;1tc thn.iu~h thc 111il1 (Q). Thc prnl.,;11.,ilit~· uf tran.,.fcr of traccr 
fro:~1 a CSl-R to :innthcr CSTH. or thc u11ti1.·1 ~11·c;11n is ,µoverncd by 
!"cvc1·a! c0n<lition"-: fnr cxan1plc, tr:1cc1· can only nHlVC: di1·cctly fron1 
a CSTR to an i.H.ljaccnt cs1·1;;:.: ratC'' or tr;1ct..·r Jll(l'\"CUH.!lll :trc dcter
niincd ry rclativc fhnv ratcs '\Vithin thc 111ill: tnti..·cr cntcrs thc outlct 
stn:;un itTcvcr.i;;ibly an<l "'-,nly front thc last CSTR in thc series. and 
aJJ thc trace:· ini!i:!lly ~ta1·tc; in thc first CSTR ClÍ thc se rice;; .... 

Ft.'1. thc ca.;;,c '" hi:re thc: ti1nc CPn:->.t;liHS (1·ati11 tlÍ vcdt1111c or YC'Ssel 
to thc h'i.;tl ílt.nv throup.h 1 hat .... ~, ... el that ét.''ll1lp1·isc ... part "''f thc hcad 
rniII 1·cact0r 1111..,dcl) :u·c thc :"Oan1c. R::tallick!1 i::i,·c, :i 'irnplc. appnlx
in1atc proh:1l.,ilistic n1ctl11..,d for calculatini; ¡>{i). This ha"> bcen dc
vch . .,pcd ;nto :1 rnon.: ~cncral rnatrix. nicthod by Bufn1:un et aL 10 In 

lllCiH-Sl'EED nE,\I> f\111 1 nu~ CHLl. RlJl"rtJRE 

thc hcuU n1ill. ho\.vcvcr. thc tirnc con,1:11'1"' fnr ihc end vc""·"c)c,;. are 
nnt thc snn1c ª"" fo1· thc 111iddlc vc ... .::.c+ .... hut thc ahovc 1n0dcls n1;.n: 
be ¡tpp·li('d \Vith rca.::.nn:dllc :1Cl."tll :1..:y rn1· h.'\\\" h/Q '•:th1c .... HufOi:u~• 
and Krnphollc1· 11 havc ~ho ... vn h<Y\V lhc gcnc1·al 111:1trix 1ncthod naay 
be n1ndificd lo thc ca<.;c "·hcn~· 1i1nc conc;t:uu~ varv throuch thc 
overall reactor vcsscl an<l thi~ is thc 111cthu<l u.:;.cd fu;- rnodcting. Ú1c 
fin\\' p;,ttcrns in thc hcad 1nill. 

H.ctainin!! thc.~ C(lnccpt nf ;111 imru .... Jlcr fnnninµ a sinµ.lc CSTR 
( J = 4) anti u-.;ing. lhc pc:1k pnsitinn (o.,, l :1!" thc 111ajor pararnetc1· 
f<.11" fitting thc thcorctical curve to thc cxpcriJncntal pl1intc;;.. it ""'ª""' 
found that h/Q varics fr0n1 ·I to 5 for thc slainlc .... s-stccl intp<.:lh:r..;. 
nnd fro111 2.5 to 8 ÍOI" the pcllyt1rcÚ1;1nc Írnpcllcrc;;. both Ítnpclicrs 
opcrating at 10 and 15 11v·scc. 1·c.c;.pcc-1ively. The curvcc;; c;.hcnv very 
goo<l a!!rccmcn~ '""ith cxperiincntnl VHlllc' < P'igs. 6 and 7). 

r:ig. 7. Trncer cotudic .. -cunlirmou .. no\V-th11u1;..:h n.r. lilcr mili .. \'ith r.ol:-u1e1h;ir.C' 
in1rclh~r .. : ( •l Q =- 0.75 x 10-• 01'1/ .. cc: 1•_.:l (J ::"'" l .c'11 ,.: tn "tn •:,e,:: t.:.> Q = 6.00 
x 10-n m!'l/~cc. "' = JO 1n' .. cc: C•> Q...,.. 1 .90 ..,, In "n1'":c;,~c. ,,, = 15 rn•,cc: t--} h/ 
Q =~.O:(--) h/Q,,., 2.:": f. - - ~ - l f,/Q ..... O: al1 for .4 CSTih in o,;.c11c ... 
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,.,.\01.H 111 
llead !\.1ill Trnccr Studics ----------------·---------

Th,p1.µ!1..,11t. lmrc1h:r tir 
t.' ~rcc,1. 11, ro.;i1inn No. of CSTR . .., 

(m ... ~ccl fm:·c;.cc) Vnri:1ncc- !"n. 1n •• i J=l/<1-n,.l 
~------~ 

n.~ litcr mill Stninf,.,,_,,,.,.¡ i1u1•••llr·rs 

!'.f\(, ,.. 10-t; 'º 0.36 n.2.' } 1.EO >< l(l·• 10 n • .s-' º·-'º o.~ 2.0 
1.on " 10-"' 'º o.~IJ 0.:!(1 
1.FO X (('1-'1 I~ 0.6l o.:-~ ·O,:?!' 1.3 

r,•/yurrt/i,1111• ;,,,,.,.11,·r.fi 

t=..r.n " 10-" 10 0.!'4 v .. :r. l ! .9~1 X l{l_ .. 10 O.:C-4 0.-15 J 0.:l!' 1.5 
0.15 X 10-" 10 n.!'7 0.50 

1.'~º " 10-• 1~ n.7o o.~4 ll.15 1.2 

!- litcrmill Stain/r'.o;.o;.._.o;trr/ burrÚc·r.o; 

~4.~ " 10-· 10 o.:~ 1>:13} 
.C5.0 " 10-'- lll n.~o 0.1:? º·" $.O 
55.0 .... 10-"" 10 o.~:t. O.l:t 

/'r•h·111rtl1i111r in1p1.'//('r.fi 

5~. I >< 10- ... 10 0.1'1 0.11 º·" s.o 
... Vi!<-C<.~...,¡1i..::"' urc 1.n x 10-:1 N "-CC/m: cxccpt fnr lhi!lj; 1nc:t!';urcmc;.n1 ''"hcrc the 

vio;.Cllc.ity w;1s inCI"C:l!';C'-t to (<.,6 x 111-:t N !';Cclm 2• 

Co11tit1uo11." /)i.,·r1tptir>11 of l"'t"a.•il 

For a fi1·~t-on..Jcr rcactinn and a CS,.R in-series n10del. ccll dis
ruptiun ¡, c.lcsc:rihcd hy thc follo\ving cquntion: 

D= R.., =(l+ÁT).1 
R-" - R J 

(5) 

"·hcrc T is thc 1nc:.tn rcsidcncc tin1c in thc 1nill (total votun1e.oí thc 
n1il1. \'. dividcd by thc total thn . .,ughf'llll Q) and j is thc nun1bCr of 

lllGll·Sl'EEn llEAD Mll.1. FOR cm.t. RUPTURI! 7!>7 

cs·rRs in series: this i11ay i:icludc frnctions oí CS,ºRs. ~ The l'e
n1aining. tcrnis k. ·n.,1 • R, and /J are as dclined for eq. ( l). 

·rhc cxtcnsion of this CSTR in-series ntodcl to incorporntc °í'ncJ..
no"" rnay he solvccJ by cnn1plcting_ 1nns<> t'talances acro~s thc inc..L
vh.Iuat- rcnctnrs: · 

n-• R.., - R 
= ----¡¡-;;--

and 

= {p"(2p - I)/[::• _e 2(1 .- p):" +. (1 - p)(I - 4p): 2 

+ "\p( 1 '."" p)':;:; ¿- p 2 ( 1 - p)' - p(I 

1 + -rk. "= 1 + b/Q 
1 + 2h/Q 

V/Q 
T = 4(1+1./J/Q) 

p")]l 

(li) 

-~ . 

v.·hcre h/Q is thc ratio oí backno\V hct\1o.·ccn CSTRo;; to thc ovcr:ill 
ncHV rntc (Q). J=irst-<irdcr rate constnnt:-.. Uc1ivcd fn1n1 tht: h:1tch 
studics CFig. 2) hn\'c hccn aso;;un1cd 10 apply to thc c<.1ntinut.l\1C.. 
disruption proce~s in 1hc 0.6 litcr r11ill. Good agrccincnt ic;; noteJ 
bct\VCcn calcul;1tcd nnd cxpcrin1cntnlly 1nc:1surcd yicld.:;, of soluhlc 
protcin (T~hle lV). Cnlc11lntcd yicldc;;. tnnt givcn in this p:1pl!r) ba ... cJ 
On the dispcrsion n1C'\clcl. 12 lhc CSTR in-c-.L·ric~ 111odcl (incorpon\ting 
fraction~ of CSTRo.;).R nnd by !11lcg1·atio11 Pf thc coinhincd íirc-.t-<."nlcr 
clisruption eq. <2) and lhc c:-~pcrimcnlal ti::t.:cr curve-=- ali c.ho\.v n:;1-
sonably good 01grccn1cnt \.VÍth cxpcl'irncntal valucs. 

-rhc fina set of studics on t he S litc1· nH1c-hi11c in volved thc uo..;c <.-.f 
n 45~· by \vcig.ht packcd ycac,;;t c,;;11c...r1:11 ... iPn at rh1·ou~hputc-. <'f 1r, :"., 

. Jo-0-100 x io-r. n1:11~cc :111d íccd t•.:111pcr:itt11·c Pf S'C. :\~ with h;1tc:1 
sttulics it \Vas not pns,iblc to 1ncac-.111c rn;1xi1nun1 protcin yic:d .... 
EquatiCln <S) \\.'~S solvcd by altcring hPth U.,, and k unti: a 111inir:111rn 
variancc fnirn thc lhcorc1ica1 "11·ai~l11 linc ""'ª ... achicvcd. Thc R ,, • 
val u es obtainccl \Vcr·c con .... i,tcnl l"(•r cach in1pc:lc1· giving U. H' := 

0.105 = 0.005 kg. protcin rclca.;;,cd/:...;1 r:ic.-kcd yc;1..;.t ft,r <..{;1in!c ....... -...icc:1 
i1npcllcrs .:111d U,,1 ' = O.OYO :!:' 0.005 kµ p1·01cin rclt:a"'cd:k.f.! packc~I · 
ycast for polyurctlHtllC irnpcllcro.;. ·rhc dio..;n1ptin11 dat:i are '-ho ... vn in 
Fi!!ttrc 9. 1~hc rc,ult.;;; <1l"Lainccl at in1pcl1t:r· tir "'f'l!c-ds or 10 n1/:c;;cc arz 
cc"no;oi~tcnl \VÍth thc cquiv.alcnt h:itt:h ~tudh.:c;,, { Fiµ. _1.). 

Thc sccond sel of dic;;r11plinn c.xpcl'ir11c..•n1 .... 11-...ing lile~ lilcr rnachin:.: 
invnlvc..:d variations in thc c.li~n1pti'1n 1ncd!11•11 frorn i~ tn 7:-,r_.·; hv 
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TAl\LH l\' 
l°l•n1in11pu .. Di .. nrrlil>n t•Í Yc.;1 ... l in 01 n.ir, 1 ih.·1 :".1il1 \'ith 
S101inh:t;"'-Srcci lmrc.·lk1.,.: t"1•1111,:ui .. 1•11 1•f l'1c1li(;tccl anti 

~1c-a"'11rcc.I ('unv..:r~i1•11"i·º 

t' 
fnt:./.,.ccl 

u, ""' 10 n1:._C'C 

t.00 X 1n-• 
::?.'J.1 X 10-fli 

.;.(l•J -o 10-• 
7.0.l; X 10-• 
9.t.7 X ¡o-e 

l::?.00 " 1c1-• 
l.!'( .. X 10-• 

:!.'):! X 10-• 
7.:?:? X 10-• 

I:?.:!:? X 10-• 

'" = l~ n1'.,,ec 
-----

1.Sf"> X 10-• 
:?.'J:? 10·11. 

7.:?:? "' 10-• 

'J.~~ X 10- 11111 

1::.::: "' 1n-• 

R 
lll\.":1o;.urcd 

O.:g;k1,n 
k = O.OJ,R4 ""t:c-•'" 

0.1:0 
0.10!" 
0.091 
O.O<•S 
O.Otic8 
o.o~,; 

0.1 llJ 
O. lll'J. 
(1.070 

O.O!'h 

J.. - 0.0544 scc-• b 

0.120 
0.114 
0.094 
O.OR7 
0.074 

·------------· . R., ~ n.1~n::: o.no~ kp.'kp.. 
h Scc !-=i~Ul"C' l. 

p1c<.Ht:lc:d 
lkg.'kp.) 

l-inckOnw mnclc:I 
(CCJ. t6)J 
/J/(} = 1 

0.117 
0.107 
<U1117 
0.01'.5 
n.u7.i 
n.ur,7 
11.117 
n.111 
o.u::-;7 
U.OhR 

l>/Q - s 
0.117 
0.111 
0.092 
O.OS4 
0.()7(1 

'"L·ight rackcd ycast dispcrsinn. AJI thc tria1s \vcrc cnrricd out u:c:oing. 
a ú:cd tc1npcraturc llf 5<='C. in1pcllcr tip ~peed of 10 m/scc. nnd 
thr0ughputs ranf!ing fn.,111 lfl. x 10-r. lo ion ~ 10-n m 3/scc. For 
rackcd yc-a~t concc11tn1tinns of 30:'.'·í- by ''-'cight or grcatcr, thc samc 
u". "vatucs \VCl"C obtaincd ª" in pi-evious tria Is ( Fig. 9). bul rnr 
packcd YC:t='l conecntration~ of 15S-ñ by "\VCighl thc R,.,' valuc <lb
t:dncU ·w;i' 1nuch lO\\"C«. The rcsults using thcsc R"'' vatucs are 
p!1.'lllec.I in Figure 10. 

/~11.::._i~111<• R<•f,•tt.,,. 

·rile di'.'ntptinn of ycast i~ aiso of intcrcst in prnccsscs for tl~c 

ex 11·ai.:tiC't11 l,f cn.J:.yn1cs. Thc ntte of rclcasc of an c_nz.ynic niüy dcpcnü 
nn it:-:. location "''ithin a ccll. "' r-or a ..,.oluhlc cytoplasniic c117yn1c 
~uch as ;1lcohc.."'ll dchyc..ln.lgcna"\! CADHl. cnzyn1c relcasc s_h<"'lllld di-

lllGJJ.SPEHD BEAI> ~111.1. FOJ~ CEl.1- Rt.IPTURF. 

n~ctly parallcl "t he n:lca'c nr sultihh: prn1cin. ·rhis assun1c!'<o thnt thcrc 
i:-;. nn Jos-.. nfcn7.ytnc activily duc l<"'I 1,.lvcd1cn1in!! l"'lr shcnr. Sin1ilnr-1y. 
usinf: thc s:.unc a~!-it1n1r1i1t11c.;. an t1n;u11higuons R.lr valuc for thc
cn;r.y111c 111ay be. nH.:a<ourcd. Jf cn;:.ytnl.! dan1;igc occurs~ a kinctic 
111ndcl i!" necdcd tn dc.c:.<..~r·ibc: both thc r:1tc of rclcase and thc ratc of 
inac.:tivath'n of thc c11z.yn1c. 14• 1 "' 

·rhc conlinuous rclc:.1sc of ¡\DI l fn.1111 thc vcast '\vas folln""'c<l in 
thc 5 lit~r n1ill using st:.linlcss-stccl ittlf'lcllcrs ~lpcrating :1t 15 m.'sc1..:. 
Nn cnz.Ynic in.activation "·as cvidcnt frnni thc extended disru{"')tk'n 

'ºº 

10 

.. 

" 1 2 1 3 t 4 1 5 ,, 20 2 3 

( 1 + 1"5~) 

Fig.. 9. Conlinuo11' tli~n1p1iun nf yca't irs n :" litcr mil!. eírect of irnr-ellcr tir "'r'<=é-4 
( )º .... 0.4$. 1' =~~e). S1aintc ......... 1ecl i111pcllc1·<;.. u..,· -:- O. JO."i k:.:,·lq:: ('.)} "' = R O\."'-:"C. 

I• = 0.0113 scc· 1: r·:·t 11 1 ~ 10 rn''"=C. J. - n.otq.' .. t.·c ': ,.-., ": = J~ m'ir..C'c. l..= o.r.:.'~ 
._ec- 1: (f'.)) tt1 ...,.. 20 O\/o;t,.~C. l.. :- 0.0:!í>7 "'C'C 1• l'nh •11c:ll:;1nc irnp~llc:·.-.. {?..," = 0 09'1 k.i;.:. 
k~: (•) 11 1 = ft m/ .. ec. l.;...,... f"l.0.l~l1 ce= 1 : t•1 ,,, ·= JO !"n· .. ~.:. J. :.-: fl O..lr;R '"=C ': f.a.t "• 

= I~ rn/scc, k = 0.(1-19.t ,.ce·': I•} 11, ...., :!11 n1: ... ..-c. l:.,,, 11.11.u.r, "CC :: t- ·-·- l the,1retic;il 
linc for S cqu;:1l·VC'lit1mc c;s·1 R' in 'Ct ie ... 
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(1 + -~l 
Fi~. tn. Cllnlinla~u .. di .. 1up:inr~ ,,r y1..•a..,t in a :O litcr n1ill; C'ffccl uf yen.,l conr:cn-

1<;•'itn1 l!t. = 10 n'\: .. cc. r = :-·c1. Staink· ........ 1ccl imrcltc ... ~.: ,,,, ,. ~ 0.15. RA," ~ 
O."'l!--1 }.~ k·~. L: = o.o::t.:i .. ce 1; Vd 1· = t1.:io. R.,1 • = n.105 l..µ.'kµ. k =- 0.0179 !"cc:- 1 ~ 
; ·\ }".,...; o . .i~. R

1
,' = O.ltl.c; \.:.g.'lq:. J..= 0.f'llR:\ !-cc- 1 : (O) 1• = U.7!>. /~,.~·,,. 0.105 Y:µ/ 

'k.c.. L. = 0.0161 .;.c:c- 1 • Pohun:1h,1nc impclicr .. · l•l }' = 0.1!'. RM' = 0.076 k,.;./klt• k 
..;,, n.or • .i-; .;.::-e ': <A.l 1· = ci.:.n. u .. ,· = n.oQo k~:/kg. J..= n.nfü1fl: scc:- 1

; l•) Y....., 0.4!'. 
Uu' = 0.1Wok~:..1óq:.. t..= O.O.if\~.;.c::·· 1 :l•l l' = 0.75. R,f-=- fl.O?Cl\.:¡:/kp.. k - 0.03.SO 
.. cc-1. \--1 Thct.uctkal tinc f1..'r 5 cquai-'1•olume C.STH..;. in ""ene-.;.. 

nin,. Thc r::1lc of soluble protcin rclcagc t Fi~. Q) 'vas uscd as a hasis 
f"·u- a n'\o...ic1 oí/\ OH relcase as sho-wn in C:if!ua·c 11: thc cxpedn1ental 
data ::l.nd 5 CS'l'R kinctic n1odc\ !:!ive g<.'l~'l<.I ng.n:c1ncnt. 

J:;\·alu<Ztit>ll <!( Ki11etic- /)utcl 

,-h~ (11·0:..t·ordcr ratc C\'IOs.t;1nts n1cnsurcd íor protcin rclc:isc using 
thc 0.6 n1· :. litc1· :'\'\ill are sunln'\nrizcd in Figure 12. ·rhc· kinclics uf 

lllCilt.~PF.EI> HF.r\11 Mlf.l. F<lR CHt.L 1.?UPTURH 7F>I 

ycac;.t <.li-..ruptiun in thc 0.<1 litcr 111ill sh"o'"' IH'\ vnri:'\tior1 ,,.i!h thc- typt: 
«.'f i111pcllcr us·cd ( Fi,l!. 2). ·rhis is in cuntrast to thc rcsults ,:ibtnincd 
t;sínJ.! thc 5 litcr 1nill. '''hcrc cnn..,istc.."n1ly hi).!11l:r ré1tcs t'f c..li..,ruptinn 
(but lnwcr valucs of n1nxinu1111 rch.';ic;:;.;iblc prutcin> \.VCrc achicvcd 
"''hcn ll'">Íllp. pnlyurcthanc in1pcllcrc; ac;;. <'Jll"H'"cd to st01inlc,~-stccl 
in1pc..•llcrs. 

·rhcst: ubscrvatinn~ raisc thc <1ucc;otin11 uf thc n1odc of n'lixing. in 
thc 5 lilc1· tnill. Rntation of thc in1pc-llc.."r<;. ,,·nJ cauo;;c rnu,,.cn1cnt "'r 
thc bcads about thc ccntn1l axis of thc 1nill. Thcl'cfnrc ncar thc
inipcllcr thcre is n rcgion of high shc-nr. Thc farthcr a·way fn,nt thc 

'ºº 

'º 

• 

" 1 2 1' 1 4 1 !> 

(1 + ~'-l 

.. 

Fig.. t t. Ct'IOlinuuu .. rclca.;.c ur :11cohnl dchvc1roµ<.-n•t .. e frurn }'C":1<.t 11"-ina.: :1 ."' :itcr 
n1ill with !<>lninlcs..,.,;.tccl intpc11cr..,: u,..,,.. 1.!'i m' .. l'c. 1· ~- 0.45. Uu....,. 250 unil .. ,\111{ 
kJ! ,.,nckt"tl yema. Q ~ 16 x 10 "-10() >< 10 "'m"'t .. cc: <---> thl'mc1k;1l linc f~11 ~ 

cqual·VC'tlumc CSTJt .. in serie.,. and k = n.0:?'.\8 "-CC 1
• 

·-----· 
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lmceller tip spced {m sec- 1) 

í-"i¡:. I:?. \"arhitinn in 1hc rah: Cl111 .. 1anl (k) wi1h <.!i .. ruption cnndili"ons: n.r1 1iter 
miil <t;tinlco;.,.,1cc1 11r rol) urcthnnc im!"'cllcr..,: , ,..., hntch. ~ Ji ter mill i;;;totinlcs~-i;;;teel 

1mrclkr,.,: r,_,l t->atch: l•I ct•nlinrn·•u!->. ~ litcr n1ill pnly11rc1hanc impcllcr..,: f"Vl hatch: 
e •1 cC"'lntinu1•11°'· 

iniric11cr. thc sIO\.\."Cr '"'·i11 1""c thc niotion of thc bcac..ls. 1·11c n1ore open 
~\n1cturc llf thc p<.."'llyun:rh;,nc irnpcllcrs '-"Íll prornutc :.1 grcatcr dc
g.r~-c of·agitath.""n at a <fi..;.tanc:c fron1 the i1npcllc1·. but conscqucntly 
rhcrc \.vill he: n.~1ativcly hl\..- ~111..":11" 1·ntcs in thc vicinity of thc impellcr. 
C.~t'nvcrc;.cly. \.vith thc ... tainlt.:'"'-stccl in1pcl1crs thcrc \.vill be a hig.h 
c..lc~rcc nr .. hc:ar ncar thc irl1pcllcr. r:1pidly c..lying. nut in thc disruptinn 
nicdiurn due tti thc lowcr lcvc1 of c..lispcrsion. 

Tht:·.;.c hi~ht:r shcar n1tc.;; cxrericnccd "'Ílh lhc stainlc;:;.s-!"tccl in1-
pi..·lli:rs \\'l"'IU)tl cxplain lhc hig.hcr n1aximun1 yic..·ld"' nf protcin .. \vhilc 
thc grc;1tcr dl .. J;!.l'CC: oí niixing cxpcrit.:1H.:cd with poly11rctha11c in1pcll
c1· .. \.Vl'ulU cxrlain thc inc1·cascd ratcs oí disn1ption. CJ\ving. tu lhc 
!_!1c;1tcr 1n1n1bc.:1· ''Í bh.ulcs pcr unit ,·olu1nc- in thc 0.<1 litcr niill. lhis 
cffcct t"'lf diffcrcnt nii~ing p;¡ttcrn-.. on thc c.li ... ruprion kinctics is not 
"'ii:nificant. 

Thc cffcct l"'lf initiat ycns1 cnnccntn1tinn on thc ratc c..1f disruption 
;, "'11n1n1;u·i7cd in Fil!11rc IJ'. For a lir~l-ordcr rc;,ction 11ic rate 
C<'ll"'l;111t siu,til'-~ he in~h:*pcnc.lcnt oí c.:cll c.."'1l1C:l"lll1·:11ion tcq. ( 1 )). This 
¡ .. ;u.:hicvc:d f•""I" !'l:1inlcss-stccl in1¡-,cllcrs at hi~hcr yca't cnnccntra
tion" ( )º ~ 0.30) hut fl"1r thc pt'llytircth:i.11c irnpc.."'llcrc;. thc.."" ratc c:on-..tant 
..:onti1111uuo;,,ly dccrc-:1.;c~ \.\'ith incrc;1..,,ing ycac;.t CllllC:Cntrations. 

·rhc.. ... r<."fnn: thc rhcnlog.y nr thc n1c:di11111 dirc:ctly affcct<; the kinclic..· ... 
or disruption. 

Thc 1·hcology ora \\!hlllC ye-ar.a di-.;.p.:1 ... ion ¡, N~\\"tnnian. thc Vi"-
co ... iÍy "va1·ying rn11n 2.::! ;.~ 10 ·:I i': st.•c-'1n:! al L"~r hy \\"Ciµht pacJ...c..·J 
);casi lu apprnxi1natcJy tri-,.,: lll ª N "-C.."C•111:! at 7~":1- hy \vcig.ht pa~k,·J. 
yca,t. Disruptcd yt.!a't suspcnsion' 'hca\· psc..•t1<.ll1rl:.ic:;tic l""chavinr. '" 
·rhc no\.\.. pl"llflCrlÍCS of íl highly c.Jif.\l'llplcd 45r::;. by \.Vcig.ht ycac:;I 
disrlcr~inn nü1y he Ucscrihcd 11c.;ing n po\.vcr l:nv rciutinn~hip bc:t\v<,.•t:·n 
thc- shcnr -stress(;') and shcar· C.Y>: 

-r' = J.. •.:¡n.1o12 (7) 
whcrc 

/..' =- cnn~i.;tcnc).· i11dcx 
= J9.J7 N c:;cc n.A:?/111 2 

and 
y = 0-400 scc-• 

Thc visc;{l'iity J"ll"illl' lo dic.;ruptinn rora 45r;;.. hy \.\Cip.ht ~·cac;.t di ... pcr
sion· is <1.<1 x 10 -=1 N ~ce/in::. A-.;s11111inµ that cq. (7) can be C"'(tt":1rn

latccl to high shcar ntte~ (such a"> ''"'''Hlld occur in a bcac..I 111il11. thco 
·~ 
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00">· '· 
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~iµ. 1:1. Vnrintiun in 1h~ 1.arc con .. t:inl rJ. t .._,·11h ~c-:1'-t c"ncent1,1tit•n. cnnt1n11nt1"
cli .. ruptiun in .S litcr mill: f•,) ..,,1;1inlc-. ..... 1ccl imp1..•l:l..I'• Uu· =O.OH) kc."kµ 1 )"""""="O)~). 
ll.," =O.JO~ k1tlki.: 1 )" -.• n.:tfl\: fl'.J ruJ..,.1nrth:1111..· imrrllci... fiw" .,._ tl.O":-r, J..L! J..J.? 1 )" 

....,. n.151. n 0 • = o.u9oki.:.'kµ, >··. º·'º .. 



it nl:.1,• he secn that thc apr•1rcn1 vio.;.co~ity < T'fi·> ''"il1 be ap('lroxi
rnatcl~· thc ... an1c as thL1t for thc u.ndi..;n1rt1..'""d y~a..;t in thc <:.hcar n1tc 
r;l1H!C. tll'- 10:·, ~cc- 1 • Therc.:-fnrc t.h1ri11!! cli .... n1ptk1n in hi!!h shcar rc
cio1;s thc1·c '\Vill be nn nprwcciah1c ch01np.c in thc :'ppan:nt vi<:.ccy·.;ity 
~f lhc n1ct.liu1n. 

.t\o;;. thc vcnsl conccntratic,n and lhc- vic;.cn~ity. ¡, i•H.:rcn~cd. this in 
turn '\vi11 ~int.-rca<:.c thc ratc al \vhich lhc 1nixinµ ¡.., datnpcd nut al 
íinitc dii;tancc~ frc."llll thc: in1rcllc1·. ºl"hcn:fnn: thc 1·atc or disruptinn 
,..,-¡11 dccrc:t""C. At }P\V yt.."ao;t t.•t,nL·cntrati<,no::. ( )" = 0.15) a vcry lc.n.v 
n1:.1xin1un1 yic1U nf rn,tcin tRu ·l '':as ohst.:1·vcd. In a low vio;cc..,~ity 
n1cdiun1 thc cncrg.y fron1 thc in1pcllcr \\"iil l""'c c . .li~~ipatcd ver.Y n1p1dly 
thn .. ,uc.h thc n1cdi:.1n1. thcrchy di111inic.;.hing. thc rcgion oí h1gh ~hcar 
ncar ihc in1pc1Jcr. ·rhus nt low yc~1st .conccntrations. a1tiHHtgh hi17h 
rntc~ L'f disruptic."ln are notc:U. thcrc are poor yiclds llÍ soluble protc1n 
c!'-pccinlly ~t l<.l\v throughputs nr hig.h rcc;;idcnc.:<: tin1es l r:·¡g. 14). 
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?ac\t.ed yeast concen'ta\io:>n 

t"ii:. 1-1. Flfccl '"'r '°'-"ª'' .,..,.,nccn11:iií""" nn rn1tcin 1c1~:i..,cfl (/~\ - u,""" 10 nti,..cc. 
~ liter 0 ,¡¡i. St:unlc, .. -.,,tci..·1 in.,rc1kn•: l.."\1 (} ..,. 20 x to • 1n·v-..cc: 1 •l Q = HKl 'I< lll "' 
m,'o:::c.•c. Pt..,lyu1clh:u1c hnrc1Jcr..;.: IC"l Q ._ 20 X ¡o-• m"'lo;,cc: C•) Q = 100 X to·" 111=-J 

lllCill·SPEE.r> llEAP Mll.I HlU: C"E1.I. ltUPTllRE 

f)nc othcr \vay ·nf alh.:rinJ! th~ vi"'"L"uc.;.ity nf the c.lic;;ruption n1cLli11rn 
i~ hy varying. its tcn1pcratun.". ·rhc rL""'"lt"" prc ... cnh.·d in Fiµ.tll'c: 4 
shc.nv th~1t. fur thc snrnc nh:an rc~idcncc titnc in thc niilL llll'll'C 
pn.,tdn is rdca~cc.1 at a hn.vcr 1c111pcraturc :1nd hcncc a highcr vis
c.:osity C<1J-, x 10·-:1 N scc/rn 2 at 5~c.·1 than at a highcr tc.:n1("L"Tat11n."' 
Cthc viscosity drnps ,,, ~ x 10-:i N sc~· .. 111 2 at -.10 .. C). Thc \."ariath'll in 
R u' \'alucs \Vas not n1c-ac;-,urcd for dilTc.:1·cnt <lisntption tc1npc1·atu1 c:o;;.. 
Ir thc- lo\\·cr U,,( \.•alucs ohtaincd frnrn thc disr11ption ,,f 15" hy 
"·ci!!hl ~ .. t:asl slurdcs are assun1cd ''' arply to lhc highcr tcn1per:lllln: 
c...lhiruptinn !i'tudicc;;. thcn it is.fnund that sin1ilar trcndc; in thc ratc<:. 
llt" disn1(")tinn are fc.,und for "dilTcrcnt vic.;.cnsitics. \.vhcthcr varicd l:ly 
tcn1pcrnturc or ycasl conccn1ratit1n. 
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Fig. I~. Eíícct ní imrcllcr lypc. lií'. !»r(.·cd. Hnd h..,·;n: 1ndl cap;11..íty i1n pou.er 

con~unll"'linn: }" ·= 0.4S. r = 5 C: t•I pnlyurc.-1h:a11c.: unpr!lcr"; (.Lt .. tainl.: ..... ~lct.."I 
impcllcr!IO. 
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l~f./ic·il'nry ,~( J>i...-ruption 

·rhc rnaJor "-nurcc uf ["C"l\vcr C"ons11n1ptinn ní thc rnill is in thc drivc 
tll thc irnpc11cr..,. ·rhc cfícct oí inipcllcr iip sp~cd on po\\·cr i11p11I í<~r 

both n1ill..:;. ¡,.., pl'C"-C'ntcd in Fig111l.· 15. 
For a ccr1ain throughrut {}. in1rC'lh:r tip 'PC<..'d "' and yca~t 

cnnccntn:itinn )". it is pns~ihh: 1n calc.:111;,¡tc thc arnnunl nf protC"in 
rclca.,.cd pcr kg pa1...·kcd yca ... t (Ul t'ln thc ha.,.is of rhc kinctic data 
"-t11nn1ari7cd in Figure 1:2. Thc t:ffic.:i~nc.:~ of thc r11i1J is givcn hy 

Err = R l"Q/P (8) 

Plot' of cflic:icncy vc1·"-11'> yicld ;u·c pn:.,.cntcd in Pig.urCs 16-18: 
thc'c rClationc:;hipo;; 'vill he cvaluatcd in ·1hl." follcn,·int: ~cc.:th.,n. 

1t $hnuld he 111.H'-."d that thc f"'O\VCJ" C:01l'1111lpfÍPll for thC 0.6 litcr 
n1ill '""ª" n1cn"11rC"d 'vith nn anunctcr. This rnc:th('ld '"vcrcstin1;itc~ 
thC' pc1\vcr consun1p1iun hut this dt"cr.; nn.t affcct thc distinctions 
1--ict\vccn thc cffick·ncics c.'lf thc l\\'n n1achincs. ·rruc valucs nf lhc 
pc.1-..,·cr consu111ptin11 fnr thc !' litl .. r 1nill 'ver~ n1casurcd using n \vat(. 
tnctcr. 
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Fig. 17. 
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. <. ~~ (t<g fW·Q~éin. -releas!d I K~ pocked yef.l-;t) 

Efficic:~c~ ·.~:;: ~:·;~¡cr.'~t~-iÚ .rtrern1ing '"ºith "'1ainlc ........ ,t."c:J imric:llcrc;. 

l>ISC.:l tSSll >N 

¡· ~ 

Thc cnntinuuus di"Gn1p1 inn uf ycast in a high-c;,pccd b~ad rni11 has 
hccn nc.lcquatcly rcrirc,,.cnlcd hy a íin~1-t.'lrdcr rfftH:c~c; occurring in 
a Series or C<.ltllinuous stirrcd-tank n.":IC1l1rs. Each irnpcllcr in thc 
n1ill fnrrns thc hasis of :i single reactor. In thc 0.(, litcr· rnill :1 
signinc:1nl dcgrcc uf hacklhnv o<.:c11r..; hL·t \\'Ccn <.:t.lll~ccutivc rcactnr~ 
rcclucing thc n111nbcr ofcífcl.·tivc ("STR..,. In lhc 5 litcr niill 1..,acklln'v 
is ncg.ligihlc. prc!"un1:1hly d11c In thc gr c:;1lcr r·clati,·c c;;p;11.:ing oí thc 
bl:idcs. Thc ratc oí disruption of yc;i ... t ;111d thc niaxirnurn yicld t.lf 
soluble protcin n1·c hoth dt.·pcndl.'.111 llll i n1pL~llc1· !!Con1ctry f anti ro~
sibly thc material of cnn'>lrt1t.·ti<.111). irnpcllcr tip 'peed. ycac;;t con
ccnlratinn. anU thc nun1hcr of impcllc1·, pt:r 11nit volun1c ní thc 111ill. 
Othé:r f"actors that ;:1ffccl thc J...inl·tic~ pf t.1i,..n1ption. b111 \.vhich have 
not bccn cxtcnsivcly :...ludicd in thi<.> p;1pcr. are tcn1pc1·aturc. \'Í<..t.:o<.>
ity. and hcad si7.c and \\:cight.1.•.r:" Bcfnrc di ... c11s ... it111 nf lile cffcc:t 
oí rnill charactcrstics on ccll dbn1plion i" poc.. ... ihlc. an untkr.;.tanding 
of thc 1ncchani~n1 nf protcin rcic.."&i~c ¡ ... r ... ·quin.:d. '"'ith p:u-ti<.·ular 
rcfcrcncc to thc tcrn1 rnaxi1n11111 yic·Jd oí ~t1luhh: prntcin (Ru ). 

·rhc qucstiun ariscs ao; lo \vhat ¡ ... thc rnaxin111n1 arnount t1í relea"'--
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Fi~. IP.. Erricicncy of0.6 litcr mill wÚh .. tainie!"-.- .. lccl impcllcr~. }" = 0.45. 

:iblc f'r<"tcin? In yca!'>t honH"!!Cnizatinn ~ludies. 1-lcthcringlon et al. 5 

rcrortcd n1axin1u111 yiclds {"lf U.096 kg ¡irotcin/kg rackcd ycast. \.Vhilc 
vatncs varying frn1n 0.090 h . .l 0.120 kg protcin/kg. packcd ycnst hnvc 
!.,ccn rcpnrh:d in lhi . ..::. pa¡,cr. Frc~h p:u.:kcd ycast \Vas uscd fnr atl 
thc dis1·uptit1n trh1l~. Thi:o:o ycac;t 'vill cc.,,n<:oist nf a narro""' ccll ~iz..: 
LJio;;tributic.in rilthouc:h thcrc niay he a cnnsidt."rab1c variation in thc: 
\li.'all thicknc<o~ 0f lhc cclJc;;, Thc nia "in111n1 c;.Jil.":11· stress.es applicd 
within lhc mili are pnihal.,ly \Vcll ahovl.."' lhc cdl \vall yicld .stress. 
thcrcforc thc n1cch:inisn1 uf ycast disruptinn '>hould folhnv a 
~l .. aif:hlf"'rwan.1 first-\.irdcr n ... lati ... lti~hip: i.c .. thc 1·atc nf hrcakag.c uf 
cclls is dircctly p1T'r0rtional h ..... thi:: nur:il.,cr of 11nhn1kcn ccl15. This 
of c0tu·o;;c assu1nc.s that thc rcka~c uf lhc l."Cll l."l"ntcnts dncs not 
affcct thc di .. n1ptic•n n1c1.:h:111i:-.n1. 1\ sinµl1: fr:H.'lllrc t"'lf thc ccll wall 
\;.·jU n.:lca..;.c ali ti1c cytt-\ptn ... 111ic pnHcin and lhis ,.,,.¡IJ <:onstilutc 1nnst 
of thc tl"t:ti rc1ca~a1 .. lc pn.itcln. <Jn~ pos .... ihll.' C."Xplanatic1n for chan1',!c~ 
in R ... 1 valucs is lhc t"Ch .... a~c Llf ino;;oluhlc t."c."1nplt.·'c.."d pi otcin a tul nthcr 
I·"<1lin-ptisi1ivc n1a1criíll ~uc.:h :1~ pt..."ptidc .. glyt.."tlpL•plidc. and ~uninn 
;.u:ic.Js by niica·,ini;,,atio.n of thc c.:c11 dcl,rio;;. Di..,111ption tdals ·111"'11 re. 

i _J ____ _ 

111011.srrn~n f\El\J) '.\.tll.1. FnR cr:LL H.UPTLIH.E 

porh:d her..:- havc shn,vn .thc n.:lcnsc nf 0.150 kg cquivalcnt pn .. tcin 
( Folin·pn,itivc."" n1atcriHllik·~ packcd VCil"''- 11 n111c;;t be ~trc..;c;.ed that 
c;;nrnc uf thi' inc1·ca~!.!d yicld 1na~ he nn11pr,,tcin;\ccouc;;. 

Thc niicrnniz.ation nf cc·il dchd..,. i"' ;i~ain rrobnhly :i first-on.lcr 
proccss. Fc.w ali purposc .... af"11.•r a rctaqvcly "'hort pcriod t..1f di,rup
tinn thc ccll dchris cnntcnt tnay he "ªid to he conc;tant ft"lr a .,.,·icJc 
rangc OÍ lhC lllCnll rco;idcncc IÍl11C~ U'-Cd. "l"hcrCfC"lrC. thc fOIJO'\Vinp. 
cqu:1tinns. rcprc.o;;cnt a .c;,irnrilc c.li.,.n1ptinn an<l rnicrnni7<11inn prcicco;.o:;.: 

Í.·1 
'''holc cclls - p1:n1cin + ccll tlcbric;; 

ccll .~t~) ... r_i.c; ~_ín_lin~puo;ith.·c_ !11atcrial + ccll c.lcbrio;;; 

dR -¡¡¡,_,= k,¡,i:1iolc ccll«J + ko(ccll dchrisJ 

= k,t~,~h<~Jc'cclls] + k 2 C 

,\•hcrc· c.·i~-i~-.: c~~~l1's.Úit-ll~·:··:nnc.(:-J.~ is thc total Fnli:i-pnsitivc niatcrial 
releas,;d;·:RC:li1liíif(:·t1~CSC,' qiillntitics hac:k to thc c.Ji~ruption kinctic.,;, 
fnr !he r_clénse of,í;ohihlé ·pri•t<"in ccq. r l ll: 

' ,,, / :Cií( ~ k[R - R] + k
2 

C 
:; - c/t .- -- 1 . ,\(A ".f 

V..·hcrc R.~1A' :¡~·t·l;·~.-·~1~l.~~al··nnic.1unt oí rrntcin rclcac.;cc.J from a cc!I by 
a single íracturc--Ctl~i~ ,shnuld he :1 c:.on::;;tnnt ínr nll hcad niill condi
tinns) 

dR = k,[R., Rl 
dt . " 

whcrc R;.·,~,. is thc n1cnc;urcd R,., val u e 

Thcrcíorc thc 111casurcd R.,.., valucs rcp.-cscnt thc a1nount of ca~ily 
acccssihlc protcin plu" thc rclativc..' r:itc ,,f rctca'c uf Folin-ro~ith·~
niatcrial by micronizntion nf thc c.:c.."11 dc.-h1·ii;;. Fnr thc purpo<..c.,. ,lf 
cytoplasri1ic pl"otcin or c.."'t17YIHC: 1·cll."ns1,.• i11\.','CJ" f? ... r vali:c.:.._ than thn''-... 
prcscntcú \Vill be n1orc 1·cprcscntativc nf 1 he kinctico;; of thc rrucc ... ". 
On lhc bnsis uf yca'>t hon1ogcni.1:1tion n .. ·-..u!t<.;. '.vbcrc lit tic ccll dchd' 
n1icruniz:ation ha~ hccn hro11ght ahClllt. 'hcrc i:i-. prl1h;1hly O.OlU, k!! 
cytopl:t.c;n1ic.prnlcin !\.t~.i!• v.:hih."-1h~rc i" •1ppro:..:irnatcly 0.1:!0 kg. h'ltal 
pn"'llcin/kg. packcd yc:1'l. 20 
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Thc cipcn dcsign nf the pu\yurcthnnc in1pc1lcrc; pro1notcs 1no1·c 
n1i:\.ill{! nnd hcncc highcr ratee;; of cli.,.r11ptinn_ "J"hico c1ct..i,;n is c;.uíla_~-,Jc 
fnr thc ,.,urpt."ICOC uf siniplc hrcnkdn\Vll l'Í \Vhl1l<.• t.·ctl'"- onu.I prnhahly 
"'-("IUld l..,e ideal ínr thc rn"llh1i.:1ic.'n of cn7_y1nc"". lf thc ain1 nf u 
prt.lC:C""" ¡""to produceª' 11111ch ~oluhlc pn,tcin ª"' pnc;,.,.ihlc .. lhcn raph.J 
di .... ruption hy puly111·clhanc irnpcllcr~ rol1cl\s.•c<l hy n1icrunizatiu11 
uc;;ing "t:1inlcco~-stccl inirH~11crc;; <cvcn in thc o.;.:1n1c 1naL·hincl niny Jc::td 
t<' an in1pnn:cc.l 1nil1 pcrf{.Jrrnancc. Chan~cs in thc nunihcr and -;ur
facc of thc hladcc;; and thc bcad sizc and typc 1nay alsu provc 
advant:1gcous. - . 

Thc 0.6 nnd 5 litcr niil1~ are not sc;1lcd cquivnlt.·nts. thcrefnrc. 11 
je;; intcrc~tinc ll' ~tudv thc diffcrcncc~ in. 1nixing. patlcnis nnd clisn1p
tÍon kinctlc; <"l..,tainc

0

d ""'ith thc t""'º niill, .. ·\n inc:rcasc in the !onp.i
tudinal Ji.:;pcr..-.ion ur h:u.:klll""v and cnnsC"qttcntly a dccrcasc in thc 
nunil..,cr l'lf cffectivc (.'"STRs in thc n1ill ,,·ill· lcad to a dccrcasl! in thc 
vich.1 of thc niill and hcm.:c it-c;; cfllciency cspccinlly al In'"' thrnug.h
Puts or ll'ng rc"iidencc tin1c.:;. This ohvic.'u~ly s11pposC!1 that: the 
fw.:tC'lr' lcadinc to i11c1·ca,cd di.:;pcr<:>ion do not incrcasc the ratc of 
di"iruption. ln-thc 0.í, litcr 111ill t hcrc is a shaq"I decline in thc pl'n ... er 
cfficicncy \.Vilh dcc1·ca,ini;. thn:Ht!!hput ( Fig. 18). lncrcasing impc11cr 
tip ~pcec.l!i' lc;.1d to in...:rcacocd ratcs or dio;ruption. but any in1provc
n1cnt in yieh.l can be partially ur lully ncg.atcd hy the incrcased 
di~rcrsion. This ¡, 1no:·c ;tpparcnt in thc cac;;c of thc 5 litcr n~ill u .... ing 
pl""lyurethnne irnpcllci-s. Thc ratc constant k rcachcs e~ nlax1mun.1 :~t 
inircllcr tip ,peed" 0f 10 111/scc CFig.. 12.l. 1\..t !;l'Cettcr t1p spccds 1t 1s. 
likC'l'\' th~1t thc actunl r;.1le con..;,tant fl'lr c.lisruption is incre:1s.i11g but 
sin11¡ltancouslv thcrc is an incrca!->Cd lcvcl of dispcn;ion. thcsc l\.VO 
cffects acting ·in oppC"t.-.ition. ·rhc clccrca'c in thc :1prarcnt r:itc Cl"ltl
~tanl al thc highc"t tip c;pccd (u, = 20 ni/scc) 1nay he a real rihc
n0r.1cnQn \.\·hcrc thc effecl of increascc.l lonf!,iludinal di<ipcrsion ic;, 
prcdon1inant. ln a 5 li:cr niill upcrating '\.'ith p1..,lyurcthanc i1nrcllcrs. 
nl., adyanta~c ¡~ g.ainc1...l by c.1i~n1pting. :\t tip spct:d" g.rcater. tha11 lll 
n1!cocc l Fic. 16). ln the 5 litcr r.1ill orcratinp. "'·ith c;;tninlcc;s-steel 
inipcllcr~ lhc ratc Cl."lnstant tent..I"' tn a 1naxin1.11111 valuc "'_ith. incrc:1s
inc. tip !i'pccc.l: a~ain c.li"'pcrsic.-.n and incrca~tn!! 1atco:o ol c.hsrup11un 
h¡;vinc CC'lllflÍC\Íll!.! effcCtS. ()\.ViO!=. 10 kn\·cr lcvcls C"lf di"'°perSÍOll. thc 
<lcpe;c.lcncc of cÍricicncy on thrnughput or dcg.1·.cc or cn~1vcr..,ion is 
not c;;;o sit:nificant as '\\"hcn uslng. polyurct hanc blallcs ( Ftgs. 16 ;u1d 
171. Thc1:c ¡, :tn optin1al in1rcllcr tip !i'pccc.l of 10-15 111/scc for yenst 
disruptilln "'"ith stainle~"'·!i'lccl irnp~ltcro.;.. 

f)isruptil"'n r;ltC cc.."""nstants as n1casurcd in ha1ch 3nc.I cuntinullUS 

_ _J __________ _ 
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studics on thc 0.6 litcr mill < Fi!!. I:!.) 1nay 1..,c st11nn1ari7-cd as fnllo\.\·c;.: 

k ¡= A.º11, 

·rhi~ direct relatinnship of ralc cllnc..tant \vith i1npcllcr tip "f'Ccc.l 
prohahty also npplics ln thc 5 lilc1 1nill. Trac..·cr "\1udic5 ¡trc rcquire<l 
at thc highcr inipcllcr tip ""rcc.."'-'" to an:tl)."7C lhc c.lcgrcc oí.dio;;pcrc;-,h,n. 
thcsc \vill be pu~"'ihlc onl)/ \vhcn lhc..· prohlcrn of thc ·rurn1ntilHl ,,f 
cnllnic.lal glass ha'-' hecn nvcrctHllc. 

In thc 0.6 litcr 111ill trac.·cr c;;tudicco ... howcd a c;;icnilic:ant incrca<:>c in 
dispcrsinn nr hnckll<'W ""hc1) u..;inp. poly11n:1h:11~c hl:u.lcc;;;. This tna). 
cithcr he c.luc tn thc 1nnrt:> open gco111ctry of thc in1pcllcr ,, .. the 
llcxihlc st1·11cll11"C oí thc f"'\l;idc e the poly111·L"'lh:ult.:"' t"tlac.lc .... fur thc Cl.ti 
litcr rnill dn 1101 hnvc a 1 i!!id <ilccl t:nrc ª"" in thc ~ litcr n1illl. 
r.:untinuous c.Jisnrpth'ln studics '-'-'ith puly11rclhanc bl:tdi:"'t in thc 0.6 
litcr mill gavc vcry high 111:1"\ir11111n yiclds nf Ft,lin-pno;.itive n10:1tcrial 
(Ru = 0.150 kg/kg.J ;111c.I furlhcr tdalo,; a1·c bcing ca1Tict.I out tn cx
an1inc this cffcct. ln lhc ~ litcr 1nill thc polyurcthant:- hl.i1c.IC~ p.avc 
~ignificantly hi!!hcr rclcnsc ratc..; h11t alt..o J,nvcr n1a"\irnurn viclds l"lf 
soluble protein. ºJ"hc..·"c rc~ult.:o havc :tlrc;:idv h..:-cn clic.;cuc;. ... ~lf in thc 
scction sur11n1<1ri7.ing. lhc kint:tic data. Bric:l-ly lhe nHll·e open c...truc
t11rc anc.l grc;1tcr \.Viclth nf the pnlyurcthanc hlac.lcc;, g:-tvc highcr dc
grccs OÍ dispcrsion b11l lo\.i..'cl" Ol:tXillHllll c;.hc:ll" n1tcc; than for thc 
n1orc clnc;;cc.l structurc nf thc stainlc~c;;-stccl ¡ ... Jades. 

Thc full analysis of the kinctic d:tta uht:1i111.:d at high inirellcr tir 
specc..ls in the 5 liter mili \\'ac; ru1t pns~ihlc owini; ll'> th~ inahility to 
CHIT}' nul lracer studicc.; in thico 1·egion. l lnwc....-er. it ..-.hnuld he Ol"lt.,:d 
thal only thc val u es of lhc ratc c.:onslanl k and IH't thc valuc..-. of R" • 
nrC c.Jcpcndcnl Otl the OlllllhCr ('lf ("S-rl~c,; ( _i 1 ll'"CcJ Ín evaluatin~ C4. 

(5). <>ne curious nspcct of thc rcsullc,; nol cxplaincd hy thc 111i:o...inl! 
n1odcl is the fnct that thc R."· voil11c~ for thc.· pnlyurethanc hladc ... 
e.lo nol approach thc valt1c.;, llhtaincd whcn u'ing thc 5tain!l."'"'·!'-lcc1 
Ílnpcllcr~. cvcn at thc hiJ,!hco.;.t tip "'J'ccds. Thico oh.,.crvation lc;u.f.., to 
lh!= conclusion thnt the U._,1 ' valucs rnay alo.;l., he contr·ollcd l..,y thc 
n:1lurc nf thc blac.lc surfacc. ·rhe ... 1ainlc..,..,·<:;l1.:L·I irnpcllt:r su1·facc" are 
n1nrc ahra~ivc nnd hiílrdcr lhan lile pnly11reth:1ne 'urí:1ccs. For lhc 
(l.6 lilL"'I" n1ill thc R.\I valuc ¡..., indcpcndcnt nf lhc ¡ ... Jade c;.urf:i.cc and 
typc. In this Case it is probable thal thc intcn..,ity of rni:\.in~ j.:; ""º 
hi1;h that nther factors. !-.Uch as hc:aJ·ln-bcad i1npact. control thc 
11nal R." value. 

()n<... .. furthi;:r arcél of intcrest je; thc oh'>c.:rved indcpcnclcni..:c of 
backnu\v ratio or lnn(!ituc.linal c.Jispcr.,,.ion with variations in thc ovcr-



:di n1i11 throu!!hpul. f)nly :1 n:u·n,,,. rangc..""" <'J" lhnn1µhput~ ""as cnvcrcd 
and thic;; '"·orJ.. nccc.ICi to he extended_ to 1ake f11ll adv;,nlagc uf thc 
varic.'ll"' cl1n1hinatic.1ns of nCl"" p;1ttcrns and c.li<ir11ptit,n ntlc cnnstanls 
ª""•lih1hlc. 

Thc final suhjcct rcquiring cu1nn1cnt je;;. thl" rclativc cftich.~ncico;; nf 
thc n.r, and 5 litcr niilJ~. ¡=,,.. cquivnlcnt n1can rcsidcncc tinH.·s in thc 
n1illc;; highcr cfficicncics <.,f diCiruptiun are uho:;cn:ccl in thc 0.6 litcr 
1ni1I: thi .... ¡.,. c<,ntrary to \vhat \\·nuld be cxpcctcd nn thc hasis 0f 
di,pcr .... ion .... ttu.Jic..,,. Thc tlHY"-l""likcly cxplanatinn i .. that thcrc is a 
nltll"C cff1i.:i1..·nt utili.T.ntion nf thc hcad-.; in thc srnallcr n1ill º"""in~ to 
thc gn:;1tc:· nun1hcr oí hladcc;; pcr unit. vnlurnc of thc disnqitinn 
~h:.1111\,1..~1·. Evidcntly scalc~up critcria f'-11· a hcad 1nill r·cqtairc a conl
rlc' l.:'l'nlpr<11ni'C: hct,VCCn ("'JP\.\'CI" Íllfllll pt.. .. I" llflil VllhlfllC Hllc..I tnill 
~\.!',,111ct1·y. Alsl' 1clcv;11lt to this problcn1 are so111c c.~r thc rcccnt 
dcvt:loprncnt' in hall n1ill dcsign 11 '-vhcrc lc'hl!!it111...linal dispcrsion or 
1-.ac.:J...lln"· ¡, ini:n .. ·a..;.c,:d by i1it.:orpl'fal ing hladcc;; n1ountccl obliqucly tn 
thc drivc- .... haft. Di:crcn.sing thc ang.lc of thc hl:u..lc tn tite shan givcs 
an app:n1..·nt J;n:atcr ratc of 1·1..·h:ao;c of prntein. l lcrc ag.ain lhcrc are 
pn,hHbly <:t'ntlictin~ faCh'lrs lhat contrihutc tn thc ovcr:1ll disruption 
n1odel. J")c1..·1·c:a't."d hladc an!!IC g.ivc!i' incrca~cd c.Ji,,.pcrsion. \VhiL·h 
''"ill h:ac.J In n:lativc. .. ly les ... dicornption in cnntirlla<ltt"' 11c.nv ..,tuc.lics. Hut 
thi .. j<o;, 1:\llllpt.•nsat~d ro:- 1-.y inl:rcasccl f"Hl\\'CI" tr;1n,,.fc-r lcl thc ycast 
!"ll'pcnsi1,n a1ul hcnc.·c !-!rcat<:r ratcs nf c.Ji<i1"llption. ·1-ht:rcfnrc. nl
lhntr!!h an ""·cr:1ll incrcast:"d ratc "f t.lisruptiun ¡.., achicvcc.1. thc pn,vcr 
cfficicncy 1nay be c1.:u1,idc:rably dccrca-.;L·c.I. espccially al hi!!h shaft 
'P1..·1..·dco. i\, ''" ith lht: pnlyun:thanc inlpcllcrs opcrati11g. at hi!!h spccds 
in thC' :O iitt..·r 111ill. f11rthc:1· i11crcasc nf di~pcp;.ilH1 Chy using cvc11 
... n1a1lcr l~J;:1d1..~ :1nf!:}C.,.l 1nay lcac.1 toan cn·c1·;.lll dccrcasc in thc apparcnt 
r:11c of di~r111,til'f:. 

Clnc c.if lhc: tnajnr l°'l"f.lhh:n1" in t.lpCr:Hing lhc lypc of hcall 111il1 
dc: .... ~ribcd in thi-.; papc:r is thc h:n1rcratun: control of thc disn1plion 
111cdiun:t. 1~1..'"c.:c..·nt i111p1·nv!.!llH.:11ts in thc <lcsign ,,f llu: Cf.'lnling jacket 
.. hPuld n:d111..·c lhi"' pl"llhlt..-111. JncotTHlra1ic.111 l'lf a c:,101ing systcnl in 
th1..· ;1~itat(1r ..;.h;1ft and hladc.,. h;1c;; L-.ccn rcrH'rtcd by l~..:h:ichck and 
Schnfcr. ::r·rhC' f,,rn1ati"'" nfcnlll1ida1 glass is p;11·tic11lady unc.lc-;i.-élhh! 
if thc pnH:c--.;.., ... 1rcan1 ¡..., tn he usc-d ª"" ;1 fon<I <:Plllponcnt. ·rta .. use 
,,f pi a ... tic nr ... 1ccl bcad.., and 1,hcir ctTcct ''" lhc On\v pattcrn' ··011Hl 
h.1111..·lil:-.. t.'f disn1pti1H1 are l-"lcinµ· furtJ1cr ... ttalicd by Lin1nn-l .a~o11. 

Thc ahility ll, apply nli,in!! :1nd kinctic.: 111ndcl' lo ycao:;t (1io;;.n1p.liun 
in a hi}!h- ... pccc.J \-.c;.1d n1ill ""ill :illo\\.· thc dl·vcll,p1~1c111 "11" st.'"alc-up 
crit1..·1·ia fur lhc dt:""'i~n uf 1-.l.•;1d rnilJo,;,. fc.1r this pua p11">e. Thc C'plin1i
Jath'n of thc running Cl1nc.Iitil1n" fClr a hcad n1i1I invol\'cs co1nplcx 

lllC111-SPHJHl llEAll ~111 l. FCll-t CEl.1. Rl,PTtTRF. 

cunsidcratinns or thc ncl\\" and rni-.;in,i pancna~ in thc niilt and thc 
nclual ralc constants.for thc.."' h1·1..'"akal!c oí tllC.: n1iC:1n11rgnni..,.n1. ·¡ h_c 
rangcs nf llo\v ralcs. vi"icositic .... :uic.I tiri ~pccdCi u~cc.I to c.lcvcloR 
n<l\v tnndcls in thc n1ill ª" dcscrihCd in thi~ ra¡-,cr .. nrc nnt suffh:icnt 
fura cn111plctc cvaluatinn or thc O.í-l.and 5 litcr 1nillo;;.. ·rhc f'll"C"-Cl"ll. 
study e.loes indicatc thc: dt.•'-'i¡.;,n nnd ''pcrating. factur ... tu \vhich par
ticulnr atlcntion should he J!Ívcn in lhc futurc. 

¡, 
/) 

i':nn1c.•nc.·lat11r<.• 

bm:kl1nw l"Cl\'1.-"Cl.'ll (";.;,TR .. 1n1,· ...... ·c..·l 
(fnu:lh•n "f unrcll""a.;,ctl p1nrci111 ' - /l,, 11/l,, - RI f /)" 
- lll] 

T:.",. cxil ni:c dis1Jih111iull hrnf."ti11n 
E 11 clTicicnc:y ní 1nill n..µ r1 l'lt.•in 1clrao,;c.•cl•.,<..·c..· \\"1 
j numhcr uf CSTI~ ... in .. cl"ic .. 
k nr .... l·o1dcr r:11c cnn ... tant 1-..cc·•• 
/

1 rn·wcr inp11t--i1npcllcr th ivt• only t \.\'J 

(l VC'lumclric lh1u11)!hp11I cni:ot,l"CI 

R •• ··an .. · 

R nnlllllnl uí pn1tdn 01· c>n,y1nc tt.·lca.,c..•d tkJ.! rn•tcin-kg r:11.:l.<.."d ;.. t..•a<.ll 
/l,,, lllCH .. Ul"f.0 d lllaXillllllU yjl•hl t1f .;.eoful•ll.• pn1lcin l S..c rn•lci11"'-J.! r:1<:\..t.•d ~1,.·a .. t I 

n..,• cxlraí'nlalf.•tl Uu vah1l~ h:1'•l.'d un l•t·-..1 til of a íi1·.;,1.,,1dc1· rc;t1;:1it•n 11..c 

J"''lcin:ki: pacl..r1I :.-c~1 .. 11 
t .-c ... idcncc..• lime l'Cl"I 
1· tcn1pcral111"c c-c·i 
111 impcllcr lil'l .. pcc..•tl tnv ... cc..-1 
\' dio;;ruptiun vuh11nf.• f'\·1•lt1111c 11f cli ... r11r1inn t:hnrnhcr - ... cad '\c•lurnl·l 1 n1·•1 
)" ""'ci¡:ht Clf p:1ckc.•d vcao,;t."11ni1 volunir 1l.,.:•n1:t1 
o... rcnk rn•!'iliun 11r lh•rrn:ili;t.·d <..'"il aj!c cli .... 11ihutic•n l."111"'-C 
f1 norrnali7c..•t.I 1cd11c..·cd linto.: 

mean rc.,idcnc..·l· ti111c ju 111i1I = \'/(} ,.,cc..-1 

Thc nuthor.._ wish tn lh;ink Di-. 1 .. <iihil.:1111 f,,, hi.,, '\·:1l11ahlc ;1dvkc in lla• tfc'-c..·I· 
orn1cnt and nnnlysis c•f lhc 1c::u:tc11· 1nc1tlcl., rr{" .. '-"nlcd ir1 1hi.,, p;1pc1. 
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Los resu1 tad-Ós''' -a'icanzados 

1a ·_cie~~i~4:~~:i;~C:-~dú' puede 

en esta investigación muestr:in. como 

orientarse a la so1uci6~~d~~~~~~1e-. : .. :- ~: ·~,:-_ - _.. - ... ·- ~ , __ 

mas •¿e c:i'.~;ri2i~·b5.;;ica' y proveer a esa _ú1• __ t ____ i_'_1n ___ a ___ -_-·_;_d __ e __ -_:.~_-•~_-_·_'_e_·-•t_··-_._º __ -_d·o--_i_ogías 
-. ' -.- -- ·" · ~~~-~~~ ~n ~J~j~~·~~6~:tÓ;io . . - - - ,, .. ·e•. "-·- -- - .- • .. ·- -

::i~:~i··:;'~ ver Vichido··~~~~L; · i978;;D~!i·i~~~~~~·~~;:~~~ .. :~~:t'~i~::!; 
Humme1t y Mora, 1980 a· y b'; ;Lara e~ 'ci~_. ~198__zJ;' . 

"·. ,/:< ~-::---~~,::<~::~- ./:--" - .--,~:~~'·_:;·_o ··---r,_..>··-
-:~~<~ - ·r·>· : .. - ' -., .. -.-, -~: :-;~:(--_,_ .. _ .. -,·;~;'.·º· 

Es interesante en este '.PtiJ1:6:' ~e1::i:t~r tj_üec en<E; C.o.C.-l. crecida en 

:::::;;~:;t~~~it,~li~~~f ~~~~ii~Y~ig~i~~i~i~~: :::::i::d 
especifica:•de'·'·crec1m1ento·~,¡;(µ)·0>0¡;es•1.':otamb:i:én"";:func16n de la re1~ 

ciÓ~ •... :~ ~{{'. g[~~i¡¡-lf,.j?'.l<!ét.~.~-:.i.n .. ~.:_'_,_i~ª;··.,_,.•., .•. :.•._-_._ .. ~.~-~'e'.n~_,_l'.¡.,·~N'.:_~.:e:;:u'~.=o··.:_·_:·~-'.t!;.~.'.:.•o;•.'e.~;·~·'·'.t.:~~s ;: ::: :: d ~: n :: na 

busc~~~~'. ~ . '" ~ J '"~ para 10 cual se 

podríaié a1imcntado 'expo1~encia1 operando en 

e1<.:~:~~ies.t ·con 10 que sería posible 

'::.~~~~.1~_ta~_;_'_,.;.~ein~z-irm~_:ª .. ~·r·~-·· i~:::. :r:::::·:. d:p::::~:: 
mas.~ci~; ~ 

fijar va lores 

contínuo,. y medir 

de las dos for-

·.,ri{~¡·-,,~,.,,¡--· 

Puede dec:i'T:se· que- en este trabajo, se ha. visunlizndo el sistc 

ma. de como un reactor pnra transformación de sustr~ 

to en biomasn. 10 que hn permitido esiudiar algunos aspectos 

de las relaciones participantes. Esta visualizac;_6n es el pr.:!, 
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mer paso a 1a e1aboración de un .. mode1o • que en este caso se 

queda a un' nivé1 c~ri.c6pti.íaJ..· .• :Lo-;rnismo, p~ede, decirse. de _una 

segun da •;~1?{~~~~i~~f~m~~~~~:~i[.,1~;¡;.;~·~"j~.~-i.~·;~~·~\(.t-t:_:;~¿\;;:•Z•~~t~0~:~:t:i•z ~e i ón 
de ia .; g1ucosa•:·.;::i:someras·a·~·a•,;materin1es·•,:de•,cintercambi·o•;.ionico· 

~:~~i;f~efW!~~~W~~::i~~~1!1f~~~iltf f {~!1::::s 
·.m ~~i::f ~~~~J;., 
fusiona·11 

dei~·~.~1rr 

me z e 1 adf~·/f1;; 
comportami·en.to 

-~~ -"·:· :..<•'.'ó.:· .'::_:~·;:;~-~ 

;{utL1izando'•para\e11o·."mode1os •mate 

tc1(~e~e~~:;s·:f:¡~;6.·_:-_ •. :se; ~1'td········.··;········eª· .•. -.·-.. ~P;.·.·.··tº•.·_:y'i_:_-.·.·.·.in0• __ :· .•.. ~.:.'. .• ~.·~~~~ón di; ~)~:~:~,1~:de;:~:~"· .. , siri -. ,' de"'.·un mo-
· ,·. ,- · .. · ... ,._.:. 

rea.étor· 

';:»(~:~-~--· .- ·- .... ">". 

se .. describe un 

· 1'a des integra -

de reactor 

1a desinte

.déscribe un 

íni·J.::1)•'.:ccinio un reactor 

;~~i~i~g~(~~-áma ras eón retr.2_ 

que describen ~u 

y su eficiencia. 

La 
.-:< ,. ;~:~~~~:>)~~~:~~;_~!;~(~~;: -~:~,;¿\f,;~~~i~. ·;. }:;-. 'i ~~~...-·: 

siguiente:,;inves~~i'gt1cióri pretendió ya 1a elabornción de 

un modeÍo.'~,b~:~:~·i_~:i~~-¡·~-o- que fuera la base de unn simulación 
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por computadora del proceso en cuestión. Para ello se mode16 
' - , .. ·-- ' 

. el reactcn:''''dc;.;isom'erizaci:ón contínua(dc :giucosn á fructosa 

::~~~~~l~~!il~~~i~fai&~~~~~i~~ii~~~!~~~%~t:~:: ~=::::~º 
Sociedad:'·Mcxicana:~'de•.,::.BJ.'.qquimi ., I•I-I,·:,Co'ngreso Nacional 

~~t;~~~ll.f ll!ll~!!gti1Ji~if~~~~~:=~~~~:~;~=~~ 
de 1 modélo; :< ,:.'.: :·· ·· ::.'( '.{ "o'\ :~· '': .. '\ . 

• :_: ·-·~ -~1:> ' • , ·:·.::;.:~ ::.: <: < -
.. ·; . -.. ::.'~- -~<,'.";·-. 

Por otro lado >~_:c~h~,i~~e. <~~?~~i'z:r una simula-

ción se _ésta ;facilita 

de cos 

tos y aplic~r lleva a 

su ,, científico. 

En 

de 

la 

:.-/~_:' 

it::'"'>}·l;2~;biii,~i,6nde un modelo 
,--;.;¡_r -r -"";..__.-= ~, • .~ • • ·-

conocida 

como "racc'\;,_ny"'·':ci:>ITÍó'~iunfr,rea:e;'tor;ffdC'~~·flú'j o):,'contínuo cerra do pn -
--__ :,: ·. -~:-~. -.<'.~o,:: __ .>:::::-<~t~~:- ·:~-~~r:.--::~ I~ i~S~~t:.~;í~~:;Lf:~f,~i:f::;~~-~~/\~ .~ ~~-~~·;) .;;,::.:¿.:_;: ... :~~ ::-~-~~: .- --

r n catalizndi:>r ... '(péccs.):·"·''"i'en·cs'.cJ:~;~·que·c·se:.',convierte sustrato en 

biomas ~~;.'." -~~'.¿~· ~J~:hd_~it,W~~:x~;f~~~:~~'.;~:g''·IG~ :~~~ º es pe ci ª 1 de cu 1 -

t:i:vo n1imd~~a'd~ de vci1ii1n.;"ii -:(:ri'ns:tÜntc en el que la tasa de 

desnpnrición de sustrato :~ ~ds/~t) sí es sign:Lficativa y en 
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el que se supone que el paso limitante es el consumo. de oxíg~ 

.no cnurró\./s x:,.C::hcno,:.réth, 197,o): en una'reacci6n:•,cata1izada 

::r q::z:f :~~·iJ~li~~~~~~i~~!l~~i:uí:.,~··: .. ~.~.;_•· .. ·.-.. :·:·1

,;·· .. ;.··_:r.~ .. ·.•.~.·.·.~ ..•.. t·.·,,··.······ ... ~ ... ruc·'····:·.:.;n .. '.' .•. ;_.º.:d:.:.r.=ª·.···,:n-:e• ;n\'~t:o·::c:o:nª :e· 
1

e-~ 
Cl(~if~~~fü)~~?•·q~~t . ,;< . ·:.;: = 
tual ·de:· :; ·:11ística tipo Monte 

' 
m

C·.··'ª:L:··.'.···nr·; ... lÍ·:···.·-· .•. º.·S,···.··':···.·:··· .• ··t·:··.~-•.; .. 
1
•.••• .•. ·.'1·_'.•.:.:'.t.''.·.~-:·.·.;·· .. ••• " a•'íCOn ·mode 1 OS de te.E_ 

- -· \i~~~[f;'.~t.J;:7.~:;~~1:~:~~~}~· .. ' -,. . . -·~,· '·1. '· ' 

. .. ue'.~:asumen\'Jdi.fer.entes .arores··;.•·;cy'·que ·rinden una 
,. .. -·: < ... i-\;~~~~~ij.}@.::f i,H}:;.~~ ;'.~t~~){.'-; ¿;~~::--_ ·.c .. · .. ~~:S:.:· ·'./:~~-;:.~;:;·;,Í~f ;.;'.·t4f8~~,~1Jt;i~;~ ~ ::'~f1fN! ~~~-~f ~\Q~~ ~~: ·:.-.._ >; . · . 

famili'a;¿ae·:;•;resultados»;•s'obre·:,;;los>ó:cua'les:"'pueden hacerse inferen 

:~~~~~~i~!~~:~~==~-· mfo~~~f !~~~~~:~~'f (:::::::m~':. m:::::n •:::-
introduCidos. 

,, 
. . ~ -

Este D}odelo, y ,la ··simi.l~a6±6n de,i pro~es-o~ 

;;f ;t~z~r~~¡~~tI~~~~~;~itii!}~~~;~:::::::v:: 
• ")~ ~ •• ·' .¡ -.:.· •. ~·:}: :: •• -. ::~\; ,': :~- -~ ': ~~-~. :,,'>-:: :. '_·:-;•' . ' . 

se utilizarán para 

de un sistema 

una estaci6n in 

~- ·:: ·-::.:~" . -,:, ~-:·· < .~ . -'~:~e . -
De ~0JC>:::'.íg~_'{'~'f~~-~}6f~}f~-_,,.J?,u?·cl~ .conc1Uir que 1as técnicas de cr~ 
cim¡é;n1::6:· regulado' contr:l:buyen notablemente a incrementar nues 

·;:. '" é ~-""' -~ 

y qt1e este conoci 

m:l:ento puccic: em"picár'se vcntaj os-amente en aplicaciones úti 1.cs 

al hombre. 
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