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ResumenQ!La reducción del uso de aditivos químicos como el
Óxido de Zinc (ZnO) en la suplementación de dietas de lechones 
recientemente destetados, se ha convertido en uno de los objetivos 
perseguidos por los productores, debido a las repercusiones 
negativas que éstos provocan al medio ambiente y  por la 
resistencia que desarrollan los patógenos intestinales.  El ZnO 
tiene un bajo porcentaje de asimilación en el organismo de los 
lechones, por lo que se excretan cantidades  considerables de zinc 
produciendo contaminación por metales pesados. El objetivo de 
este estudio fue analizar la efectividad del uso de probióticos 
como alternativa de suplementación en dietas en el rendimiento 
de los lechones. Este experimento incluyó a 18 lechones de 
distintas razas alimentados durante un período de 28 días. 
Durante el periodo de experimentación se suministró a los 
animales tres tratamientos que consistieron en 1) No adición de 
aditivos (Ctrl; solo 15 g de vehículo), 2) Suplementación de 
Probiótico (Cel; 3 g de Celmanax diluidos en 12 g de vehículo) y 
3) (ZnO; 2 g de Óxido de Zinc diluidos en 13 g de vehículo).!Los
primeros 14 días se proporcionó balanceado comercial pre-
destete y a partir del día 15 al 28 fueron alimentados con
balanceado comercial destete. Para todos los tratamientos los
cerdos fueron bloqueados por la madre y estratificados por el
peso vivo inicial dentro de cada madre. Se lotizaron tres animales
por bloque.  En cuanto al peso, en los días 7 y 14 no se
encontraron diferencias significativas entre tratamientos (P  ≥
0.252), sin embargo al día 21 y 28 los animales alimentados con
aditivos presentaron un peso superior (P < 0.021) comparados al
grupo control. En el periodo de 15 a 21,  y en el acumulado 1 a 28
se observaron diferencias significativas en la ganancia diaria de
peso (GDP), entre  tratamientos  (P  ≤  0.045).  Los  animales
tratados con aditivos presentaron un 23.84% más de GDP frente
a  los  que  no  fueron  suplementados  con  estos  (P  ≤  0.042).  En
cuanto a la eficiencia de la ganancia (EG) para el periodo 15 a 21
días, y el total, del día 1 al 28  la eficiencia fue estadísticamente
diferente  entre  tratamientos  (P  ≤  0.048);  donde  la  EG  de  los
animales suplementados con aditivos fue superior al  grupo
control  (P  ≤  0.043),  presentándose  hasta  un  23.52%  más  en
comparación con los lechones sin suplementación de aditivos. No
se encontraron diferencias estadísticas entre aditivos para
ninguno de los parámetros evaluados, como el peso final,
ganancia diaria de peso y eficiencia de la ganancia.  Los
resultados de la presente investigación sugieren que el uso de
celmanax generó la misma respuesta que el óxido de zinc,
convirtiéndose en una alternativa viable para ser usada en
lechones recientemente destetados.

Palabras clave- lechones;  destete;  aditivos;  rendimiento. 

Abstract – Alternatives to  Zinc Oxide supplementation in piglets
after weaning are required due to the controversy of its use on 
the enviromental impact, and resistence of intestinal pathogens 
for this compound. Zinc oxide is readely excreted, being a 
potential contaminant for soils and underground water, because 
of its nature.  The objective of this experiment was to determine 
the effect of feed additives supplementation on performance of 
piglets recently weaned. Eighteen crossbreeed piglets were fed 
during 28 days. Treatments included: 1) Control (Ctrl; no adition 
of feed additives); 2) Supplementation of a Prebiotic (Celmanax, 
Cel; 3 g); and 3) Supplementation of Zinc Oxide (ZnO; 2 g ZnO). 
Piglets were weaned and were fed during 14-d a commercial pre-
starter diet,  and from  d-15 to the end of the feeding period a 
starter diet. Piglets were blocked by body weight within three 
different sows. A Block consisted of three piglets individually fed. 
In terms of body weight, supplementation of feed additives did 
not have any effect on  d 7 and 14 (P  ≥  0.252). Nevertheless,
piglets receiving feed additives had higher body weights at d 21 
and 28, than control piglets (P < 0.021). During the period of day 
15 to 21, and overall (1 to 28), there were differences across 
treatments on average daily gain and gain efficiency (P ≤ 0.048).
Piglets fed feed additives had 23.8% higher rate of gain than 
control animals. Gain efficiency was improved by 23.5 % by 
animals fed feed additives than control animals. There were any 
differences between feed additives on any parameter evaluated. 
Results from this experiment suggest that Celmanax has the same 
effect that Zinc oxide, and could be viable alternative for 
inclusion in piglet diets.    
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0-()*51(*017(!$-%!5&)*#&'!$&'*2-'!$%1(01$*#5&()&!*#!'/&#-!4!
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A. Animales y Dietas

3*%*!/(!*2&0/*2-!5*(&,-!2&! #-'!*(15*#&'!2/%*()&!&#! &')/21-8!!
'&!/)1#1K7!#*!X/<*!2&!9/12*2-!4!I'-!2&!B(15*#&'!C-5N')10-'!
FYHA! D*! $%&'&()&! 1(>&')1;*017(! ./&! %&*#1K*2*! &(! &#! $#*()&#!
$-%01(-  2e  #*  J*01&(2a  Z"#  3%*2-[8  9*%%&%a  2&  =(;&(1&%ía 
B;%-$&0/*%1*\=B6B! =A! 3*%*! &')&! &')/21-! '&! /)1#1K*%-(! G]!
#&0J-(&'!2&')&)*2-'!0-(!/(!$&'-!$%-5&21-!2&!^A]S!_!GAYP!`;8!
$%->&(1&()&'! 2&#! $#*()&#! $-%0<0-#*! 4*! 5&(01-(*2-A! D-'!
#&0J-(&'! ./&%-(! 1(21>12/*#5&()&!*#15&()*2-'8! $-%!/(!$&%1-2-!
2&! P]! 2<*'A! C/%*()&! )-2-! &#! &O$&%15&()-! '&! 0-#-07! *! #-'!
#&0J-(&'! &(! ,*/#*'! 1(21>12/*#&'! abAPP! 5Pc8! $*%*! 0-()%-#*%! &#!
0-('/5-! 21*%1-! 2&! *#15&()-! 4! &>1)*%! #*! 1(.#/&(01*! 2&#!
J*01(*51&()-! &(! &#! 2&'*%%-##-! 2&! #-'! 51'5-'A! D*'! ,*/#*'!
0-()*+*(! 0-(! 1(')*#*017(! 2&! ! #Q5$*%*'! 2&! (1E/&#1(*! 0-5-!
./&()&!2&!0*#-%A!D-'!*(15*#&'!./&%-(!$%->1')-'!2&!*;/*!*!#1+%&!
21'$-'1017(8!4!*#15&()*2-'!/(*!>&K!$-%!2<*!a&(!#*!5*T*(*c!0-(!
+*#*(0&*2-! 0-5&%01*#8! $%&\! 2&')&)&! &(! #-'!$%15&%-'!GU!2<*'! 4!
#-'! '1;/1&()&'! ! J*')*! &#! 2<*! P]! 0-(! +*#*(0&*2-! 0-5&%01*#!
2&')&)&!a:*+#*!GAc!

:BdD"!=A! 9MV3M6=9=ef! fI:?=9=MfBD! C"D! dBDBf9"BCM!
9MV"?9=BD!I6BCM!"f!"D!"g3"?=V"f:MA!

Componentes Pre-Destete Destete 
D*0)-'*!a5<(Ac! GY!h! ]!h!
D1'1(*!:-)*#!
a5<(Ac!

GAi!h! GAY!h!

3%-)&<(*!9%/2*!
a5<(Ac!

Pb!h! Gj!h!

X%*'*!a5<(Ac! Y!h! U!h!
k1+%*!0%/2*!a5QOAc! U!h! S!h!
9&(1K*'!a5QOAc! ^!h! i!h!
l/5&2*2!a5QOAc! Gbh! Gb!h!

9*2*!`1#-;%*5-!2&!&')&!*#15&()-!./&!&(%1E/&012-!0-(m!!
n1)*51(*!B! I=! ^bbbbbb! Ybbbbbb!
n1)*51(*!CS! I=! Sbbbbb! PYbbbb!
n1)*51(*!"! I=! ibbbb! ibbbb!
n1)*51(*!oS! 5;! jbbb! ]bbb!
n1)*51(*!dG! 5;! GGbb! GYbb!
n1)*51(*!dP! 5;! Ubbb! Ubbb!
n1)*51(*!di! 5;! PPbb! PPbb!
n1)*51(*!dGP! 5;! UY! Ub!

p012-!3*()-)N(10-! 5;! PPbbb! PPbbb!
p012-!f10-)<(10-! 5;! SSbbb! SSbbb!
p012-!k7#10-! 5;! Sbb! Sbb!
d1-)1(*! 5;! PSb! Pbb!

V*(;*(&'-! 5;! Pbbbb! Pbbbb!
L1(0! 5;! GPYbbb! GPYbbb!
l1&%%-!! 5;! Gbbbbb! Gbbbbb!
6&#&(1-! 5;! Sbb! Sbb!
9-+%&! 5;! Gbbbb! Gbbbb!

k/&()&m!d*#*(0&*2-!9-5&%01*#!d1-*#15&()*%!
!
!
!

B. Diseño Experimental y Desarrollo del Ensayo
6&! /'7! )%&'! )%*)*51&()-'! #-'! 0/*#&'! 0-('1')1&%-(! &(m! Gc! f-!
*21017(! 2&! *21)1>-'! a9)%#R! '-#-! GY! ;! 2&! >&J<0/#-c8! Pc!
6/$#&5&()*017(!2&!3%-+17)10-!a9&#R!S!;!2&!9&#5*(*O!21#/12-'!
&(!GP!;!2&!>&J<0/#-c!4!Sc!aL(MR!P!;!2&!eO12-!2&!L1(0!21#/12-'!
&(!GS!;!2&!>&J<0/#-cA!"#!>&J<0/#-!./&!&#!+*#*(0&*2-!/)1#1K*2-!&(!
&#! $#*()&#! $-%0<0-#*A! C/%*()&! )-2-! &#! &O$&%15&()-! '&!
'/$#&5&()*%-(! PiS^AU! $$5! 2&! L1(0! &(! )-)*#! *! )-2-'! #-'!
*(15*#&'! )%*)*2-'A! 6&! /)1#1K7! /(! C1'&T-! "O$&%15&()*#! 2&!
+#-E/&'! 0-5$#&)*5&()&! *#! *K*%8! 0-(! G]! /(12*2&'!
&O$&%15&()*#&'8! $*%*! )-2-'! #-'! )%*)*51&()-'! #-'! 0&%2-'! ./&%-(!
+#-E/&*2-'! $-%! #*! 5*2%&! 4! &')%*)1.10*2-'! $-%! &#! $&'-! >1>-!
1(101*#! 2&()%-! 2&! 0*2*! 5*2%&A! 6&! #-)1K*%-(! )%&'! *(15*#&'! $-%!
0*2*! +#-E/&A! B! 0*2*! '&1'! *(15*#&'! '&! #&'! *'1;(-! /(-! 2&! #-'!
)%*)*51&()-'A! ! D-'! $&'-'! 2&! #-'! *(15*#&'! '&! )-5*%-(! ! 0*2*! ^!
2<*'! ab8! ^8! GU8! PG8! P]c! 2/%*()&! /(! $&%1-2-! 2&! P]! 2<*'A! D-'!
*(15*#&'! ./&%-(! $&'*2-'! &(! /(*! +Q'0/#*! 21;1)*#! aV&))#&%!
:-#&2-8!X69!_!bAG!`;c!*!#*'!b^mbb!*58!*()&'!2&!'/51(1')%*%#&'!
&#!*#15&()-!21*%1-A!

C. Análisis Estadistico
D-'!2*)-'!./&%-(!*(*#1K*2-'!/)1#1K*(2-!&#!$%-0&2151&()-!51O)-!
2&! 6B6A! "#! 5-2&#-! 1(0#/4-! #-'! &.&0)-'! .1,-'! 2&! 5*2%&8!
)%*)*51&()-8!4!5*2%&!O!)%*)*51&()-8!0-(!+#-E/&!*(12*2-!2&()%-!
2&!#*!5*2%&!0-5-!&.&0)-'!%*(2-5A!C-'!0-()%*')&'!-%)-;-(*#&'!
./&%-(!/)1#1K*2-'!$*%*!&>*#/*%!#*'!%&'$/&')*'!2&!)%*)*51&()-m!Gc!
9-()%-#!>'!&#!$%-5&21-!2&! #-'!2-'!*21)1>-'8!4!Pc!9&#5*(*O!>'!
MO12-!2&!L1(0A!!
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".&0)-'!2&!#*! 1(0#/'17(!2&!*21)1>-'!&(!#&0G-(&'!%&01&()&5&()&!
2&')&)*2-'!&(!$*%H5&)%-'!$%-2/0)1>-'!'&!1(210*!&(!#*!:*+#*!IA!
"#! $&'-! 1(101*#! 4! &#! $&'-! *#! 2<*!J!4!KL!(-!5-')%7!21.&%&(01*'!
'1;(1.10*)1>as &()%e )%*)*51&()-' M3 N OAIPIQA "l $&'- al 2ía IK 
4!*#!.1(*#!G*')*!&#!2<*!IR!./&!1(0%&5&()*2-!&(!!#-'!*(15*#&'!S/&!
%&01+1&%-(!'/$#&5&()*017(!2&!*21)1>-'!M3!T!OAOIKQ!0-5$*%*2-'!
*! #-'! *(15*#&'! 2&#! ;%/$-! 0-()%-#A! ! "(! ;&(&%*#! *(15*#&'! S/&!
./&%-(! '/$#&5&()*2-'! 0-(! 9&#5*(*U! /! VU12-! 2&! W1(0!
$%&'&()*%-(! /(! XY!5H'! 2&! $&'-! 0-(! %&#*017(! *! #-'! *(15*#&'!
0-()%-#A! Z-! '&! 2&)&0)7! /(! &.&0)-! 2&#! )1$-! 2&! *21)1>-! M1A&A!
9&#5*(*U  >'  VU12-  2e  W1(08  3  N  OAL[IQA  61(  &5+*%;- 
*(15*#&'! S/&! 0-('/51&%-(! 9&#5*(*U! &U$&%15&()*%-(!
(/5\%10*5&()&!/(!1(0%&5&()-!2&!$&'-!.1(*#!2&#!!]Y!4!2&#!KKY!
0-5$*%*2-!*!VU12-!2&!W1(0!4!9-()%-#8!%&'$&0)1>*5&()&A!!

D-'! *(15*#&'! 0-('/51&%-(! #*! 51'5*! 0*()12*2! 2&! *#15&()-8!
1(2&$&(21&()&5&()&! 2&#! )%*)*51&()-! *#! S/&! ./&%-(! '-5&)12-'A!
"#!0-('/5-!2&!*#15&()-!&(!5*)&%1*!'&0*!M9^6Q!$%-5&21-!2&#!
2<*!O!*#!2<*!J!./&!2&!O8IR]O!_;`#&0G7(!a2<*8!9^6!2&#!2<*!J!*#!
2<*!KL!./&!2&!O8]PKO!_;`#&0G7(!a2<*8!9^6!2&#!2<*!KP!*#!2<*!IK!
./&!2&!O8[KJO!_;`#&0G7(!a2<*!4!9^6!2&#!2<*!II!*#!2<*!IR!./&!2&!
K8OO]O!_;`#&0G7(!a2<*A!

"(! 0/*()-! *! #*! ;*(*(01*! 21*%1*! 2&! $&'-! MbC3Q! (-! '&!
&(0-()%*%-(!21.&%&(01*'!'1;(1.10*)1>*'!&()%&!)%*)*51&()-'!&(!#-'!
2ías K  a KL8 II  * IR  M3 N OAKOXQA "(  #-' 2ías KP  a IK8   4  &# 
*0/5/#*2-! K! *! IR! '&! -+'&%>7! '1;(1.10*(01*! &(! bC3! M3! ≤ 
OAOLPQA! D-'! *(15*#&'! )%*)*2-'! 0-(! *21)1>-'! $%&'&()*%-(! /(!
I]ARLY!5H'!2&!bC3!.%&()&!*!#-'!S/&!(-!./&%-(!'/$#&5&()*2-'!
0-( &')-' M3 c OAOLIQA Z- 'e -+)/>- 21.&%&(01*' &()%e *21)1>-' 
M3  N  O8IKKQ8  *  $&'*%  2e  &')-  #-'  #&0G-(es  )%*)*2-'  0-( 
9&#5*(*U!(/5\%10*5&()&!$%&'&()*%-(!/(!RALY!!5H'!2&!bC3!
S/&!#-'!'/$#&5&()*2-'!0-(!VU12-!2&!W1(0!4!/(!KRALOY!S/&!&#!
;%/$-!9-()%-#A!

D*!&.101&(01*!2&!;*(*(01*!2&!$&'-!&(!+*'&!'&0*!$*%*!#-'!2<*'!K!
*! J8! R! *! KL8! II! *! IR! (-! )/>-! 21.&%&(01*'! '1;(1.10*)1>*'! &()%&!
)%*)*51&()-'  M3 N OAKKLIQA!3*%*! &#! $&%1-2-!KP! *!IK!2<*'8! 4! &#!
;&(&%*#8!2&#!2<*!K!*#!IR!!#*!&.101&(01*!&(!;*(*(01*!2&!$&'-!./&!
&')*2<')10*5&(te 21.&%&()&  &()%e  )%*)*51&()-'  M3 c OAOLRQA "( 
;&(&%*#! #*! ! &.101&(01*! 2&! ;*(*(01*! 2&! $&'-! &(! #-'! *(15*#&'!
'/$#&5&()*2-'!0-(!*21)1>-'!./e '/$&%1-% al  ;%/$- 0-()%-l MP c 
OAOL]Q8! $%&'&()H(2-'&! &')*8! &(! G*')*! /(! I]APIY! 5H'! &(!
0-5$*%*017(!0-(!#-'!#&0G-(&'!'1(!'/$#&5&()*017(!2&!*21)1>-'A!
Z-!'&!&(0-()%7!21.&%&(01*!&()%&! #*!/)1#1d*017(!2&!9&#5*(*U!/!
VU12- 2e W1(c M3 N OAIOPQ8!$&%-!(/5\%10*5&()&!'&!2&)&%51(7!
S/&! #-'! *(15*#&'! )%*)*2-'! 0-(! 9&#5*(*U! -+)/>1&%-(! 5*4-%!
&.101&(01*! 2&! ;*(*(01*! 2&! $&'-8! '1&(2-! 2&#! RARY! 5H'! S/&!
VU12-!2&!W1(0!4!KRAJLY!5H'!S/&!9-()%-#A!!

:BeD"!==A! "f"9:F6!C"!DB!6E3D"^"Z:B9=VZ!C"!BC=:=gF6!
"Z!3B?h^":?F6!WFF:i9Z=9F6!C"!D"9jFZ"6!?"9="Z:"^"Z:"!

C"6:":BCF6A!

Tratamiento ! 

Item Ctrl Cel ZnO ES" valor-P# 
3&'-!

=(101*#8!_;! JAJXKJ! JAPR]]! RAKK[J! OA[PPO! OA]OLL!

B#!2!J! RAXJPO! XAO]]]! XAP]]]! OA[IJJ! OAIPI]!

B#!2!KL! KKAOJOO! KKAO[[J! KKA[OOO! OA[XJR! OAIR]P!

B#!2!IK! K]AXPOO! KLAX[[J! KPAI]]]! OAXI[]! OAOKOO!

B#!2!IR! KJA]OOO! KXAIR]]! KRAJ]]]! KAILOJ! OAOP]L!

bC38!_;`2<*⁴!

2!K!*!J! OAKJOO! OAIOR]! OAIOKJ! OAOKLO! OAKOXI!

2!R!*!KL! OA]OOO! OAIRR]! OAIX[J! OAOIOP! OAXOX]!

2!KP!*!IK! OALKOO! OAPP[J! OAPIOO! OAOPI]! OAOKRP!

2!II!*!IR! OALJR]! OA[K[J! OAPO[J! OAO[RX! OAIXR[!

2!K!*!IR! OA]LOO! OALK[J! OA]RKJ! OAOIJ[! OAOLLR!

".101&(01*!2&!;*(*(01*8!bC3`9^6P!

2!K!*!J! OAPXJR! OAJ]IP! OAJKPJ! OAOLXJ! OAKKLI!

2!R!*!KL! OARPKP! OARI[J! OARLOI! OAOPRJ! OAXPKJ!
2!KP!*!IK! OA[[[R! OAXOIJ! OARLKO! OAORPL! OAOIOR!

2!II!*!IR! OALJJ]! OA[KPO! OAPOPR! OAO[XK! OA]OPL!

2!K!*!IR! OA[OIP! OAJLKP! OA[J[I! OAOLXX! OAOLR]!
K!D-'!)%*)*51&()-'!0-('1')1&%-(!&(!0-()%-#!M'1(!*21)1>-Q8!0&#5*(*U!M];`*(15*#Q8!
4 7U12- 2& d1(0 MI;`*(15*#QA "')-s fu&%-( '/51(1')%*2-s 2& 5*(&%* k)-$ 2%&ss” 

'-+%&!&#!*#15&()-!+*#*(0&*2-!2&!0*2*!#&0G7(A!
I!"%%-%!&')H(2*%!2&#!$%-5&21-!2&!#-'!)%*)*51&()-'8!(l![!*(15*#&'`)%*)*51&()-A!

]!Z1>&#!2&!'1;(1.10*(01*!-+'&%>*2-!$*%*!#*!21.&%&(01*!&()%&!)%*)*51&()-'A!
L!bC3l!;*(*(01*!21*%1*!2&!$&'-!

P!9^6l9-('/5-!21*%1-!2&!!5*)&%1*!'&0*!
[!9-()%-# >s a21)1>-s (P c OAOL]KQA!

=gA C=69E6=VZ
3%&>1*5&()&8! &(! /(! &('*4-! ! '&! &>*#/7! #*! &.10*01*! 2&#! /'-! 2&!
(1>&#&'!.*%5*0-#7;10-'!2&!W(F!'-+%&!&#!2&'&5$&m-!2&!0&%2-'8!
'&! /'*%-(! )%&'! (1>&#&'! 2&! d1(0! MIOO8! POO! 4! IPOO! $$5Q8! #-'!
%&'/#)*2-'!5-')%*%-(!S/&!*!$*%)1%!2&#!2<*!KO!G*')*!&#!2<*!]R!2&!
&U$&%15&()*017(8! &#! /'-! 2&! VU12-! 2&! d1(0! ! */5&()7! &#!
0-('/5-!2&!5*)&%1*!'&0*!4!#*!;*(*(01*!21*%1*!2&!$&'-A!B2&5H'!
2&#!2<*!O!*!KO!#-'!0&%2-'!0-(!)%*)*51&()-!2&!IPOO$$5!2&!7U12-!
2&!d1(0! )/>1&%-(!5*4-%!;*(*(01*!21*%1*!2&!$&'-n! '1&(2-!&')-'!
%&'/#)*2-'!'151#*%&'!*!#-'!-+)&(12-'!&(!&#!$%&'&()&!&('*4-!o[pA!

"#!/'-!.*%5*0-#7;10-!2&!7U12-!2&!d1(0!$/&2&!+&(&.101*%!*!#-'!
#&0G-(&'!2&'$/\'!2&#!2&')&)&8!$&%-!2&!*0/&%2-!0-(!&#!9-('&,-!
Z*01-(*#! 2&! =(>&')1;*017(! oJp! &(!"')*2-'!E(12-'8! \')&!$/&2&!
*.&0)*%! #*! '*#/2!2&! #-'! #&0G-(&'!'1! '&! /)1#1d*! 2/%*()&!/(! #*%;-!
$&%<-2-A! "#! &.&0)-! (&;*)1>-! 2&! *#)*'! 2-'1'! 2&! W(F!
'/51(1')%*2*'! 2/%*()&! /(! $&%1-2-! $%-#-(;*2-! &(! #&0G-(&'8!
%*210*! &(! S/&! *! 5H'! 2&! $%-2/01%! 0-()*51(*017(! *5+1&()*#8!
.*>-%&0&!&#!2&'*%%-##-!2&!#*!%&'1')&(01*!+*0)&%1*(*!&(!&#!*(15*#A!

"(! #-'! @#)15-'! *m-'! '&! G*(! %&*#1d*2-! (/5&%-'*'!
1(>&')1;*01-(&'8! 0-(! %&'/#)*2-'! >*%1*+#&'8! '-+%&! &#! /'-! 2&!
$%-+17)10-'! 0-5-! '/$#&5&()-'! %&&5$#*d*()&'! 2&! #-'!
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!"#!$%&'&()&! )%*+*,-!./&!$*)%-01(*2-!$-%!&#!3%-4&0)-!3%-5&)&-!2&!#*!6&0%&)*%1*!2&!"2/0*017(!6/$&%1-%8!91&(01*8!:&0(-#-;<*!&!=((->*017(!2&!#*!?&$@+#10*!2&#!
"0/*2-%A!B;%*2&0&5-'!2&!5*(&%*!&'$&01*#!*!C15/(&!6AB!$-%!#*!2-(*017(!2&#!$%&+17)10-A!B2101-(*#5&()&8!*;%*2&0&5-'!*!D/1'!:*1$&!$-%!&#!0/12*2-!2*2-!*!#-'!
*(15*#&'!2/%*()&!#*!1(>&')1;*017(A!!

!!

*()1+17)10-'! E/&! F*(! '12-! /)1#1G*2-'! 0-5-! $%-5-)-%&'! 2&!
0%&0151&()-A! D-'! $%-+17)10-'! '&! 0*%*0)&%1G*(! $-%! 0-()&(&%!
510%--%;*(1'5-'!+&(H.10-'!0-5-!+*0)&%1*'!I012-J! #I0)10*'!4K-!
#&>*2/%*'!0-5-!9&#5*(*L8!E/&!0-('1')&!&(!/(*!$%&$*%*017(!2&!
0/#)1>-! 2&'&0*2-8! F12%-#1G*2-! 4! &L)%*0)-! 2&! #&>*2/%*'!
MSaccharomyces cerevisiaeNA! "#! &.&0)-! 2&! &')&! )1$-! 2&!
$%-+17)10-'!%*210*!&(!#*!5&,-%*!2&!#*!;*(*(01*!2&!$&'-!>1>-!4!#*!
&.101&(01*! 2&! 0-(>&%'17(! *#15&()101*! 2&+12-! *#! */5&()-! &(! #*!
21'$-(1+1#12*2!2&!*51(-I012-'!4! #*!5&,-%!21;&')1+1#12*2!2&! #*'!
./&()&'!$%-)&10*'!4!&(&%;H)10*'8!*'<!0-5-!#*!21;&')1+1#12*2!2&!#*!
.1+%*A! ! "')/21-'! 2&5/&')%*(!E/&!2/%*()&! #*! .*'&!$-'2&')&)&!2&!
0&%2-'8! '&! .-%)*#&0&! '/! '1')&5*! 1(5/(&! 4! #*'! $H%212*'! '-(!
5&(-%&'! OPQA! ! "(! /(! &('*4-8! &>*#/*%-(! ! &#! 0%&0151&()-! 4!
&(;-%2&! 2&! 0&%2-'! '1(! &(0-()%*%! 21.&%&(01*'! *)%1+/1+#&'! *! #-'!
$%-+17)10-'! &(! $&'-! >1>-! 4! ;*(*(01*! 21*%1*! 2&! $&'-! .%&()&! *!
-)%-'!*21)1>-'A!B#!1;/*#!E/&!&(!&')&!&L$&%15&()-8!&#!%&(2151&()-!
(-!./&!'/$&%1-%!*!#-'!*()1+17)10-'8!'1(!&5+*%;-!'1!'&!&(0-()%*%-(!
21.&%&(01*'!2&#!RRS!&(!$&'-8!TC3!4!&.101&(01*!2&! #*!;*(*(01*!
&(! %&#*017(! *#! )&')1;-A! 3-%! &##-! &#! /'-! 2&! $%-+17)10-'! 0-5-!
*21)1>-'! &(! #*! *#15&()*017(! 2&! 0&%2-'! &'! /(*! *#)&%(*)1>*! E/&!
$/&2&!'&%!/'*2*!$-%!#-'!$%-2/0)-%&'!$*%*!5&,-%*%!&#!2&'&5$&U-!
2&! #-'! #&0F-(&'8! '1(! E/&! &')-! *0*%&&! $&%,/101-'! *#! *(15*#! -! *#!
5&21-!*5+1&()&A!OVQ!!!

WA 9XY9DZ6=XY"6!!!
!
D-'! *(15*#&'! '/$#&5&()*2-'! 0-(! 9&#5*(*L! /! [L12-! 2&!

\1(0! $%&'&()*%-(! %&(2151&()-'! '/$&%1-%&'! &(! $&'-8! T3C! 4!
&.101&(01*!2&!;*(*(01*8! 0-5$*%*2-'!*! #-'!*(15*#&'! &(! #-'!E/&!
(-! '&!*$#107!(1(;@(! )1$-!2&! *21)1>-A!Y-!&L1')1&%-(!21.&%&(01*'!
'1;(1.10*)1>*'! &()%&! #-'! *21)1>-'! &>*#/*2-'8! #-!E/&! ./(2*5&()*!
&#! 0-(0&$)-! 2&! E/&! &#! /'-! 2&! $%-+17)10-'! 0-5-! 9&#5*(*L!
%&'/#)*! '&%! /(*! *#)&%(*)1>*! >1*+#&! E/&! ;&(&%*! %&'/#)*2-'!
'151#*%&'! -! (/5H%10*5&()&! '/$&%1-%&'! *! #-'! *()1+17)10-'!

-5@(5&()&!/)1#1G*2-'!0-5-!&#![L12-!2&!\1(0]!2&!.-%5*!(*)/%*#!
4!'1(!$%-2/01%!0-()*51(*017(!*5+1&()*#A!!!

?"^"?"Y9=B6!
!

ORQ B##&&8! TA8! :-/0F&))&A8! _`RRA! ".&0)-'! 2&! #*! (/)%1017(! '-+%&! #*! '*#/2!
1()&')1(*#!4!&#!0%&0151&()-!2&!#&0F-(&'A!aW!9/%'-!2&!"'$&01*#1G*017(!b!
9-#/5+1*A! C1'$-(1+#&! &(c!
F))$cKKdddA/0-A&'K'&%>101-'K(1%'K.&2(*K0*$1)/#-'Kee9B3VA$2.A!
M9-('/#)*2-!&#!_V!2&!(->1&5+%&!_`RfNA!

O_Q g-#1')8!^A!?A8!C*>1(A!_``_A!Z)1#1G*017(!2&![L12-!2&!\1(0! &(! #&0F-(&'A!
C1'$-(1+#&! &(c!
F))$cKK*#+&1)*%A$-%)*#>&)&%1(*%1*A0-5K(-)101*KRReh_KB%)10/#-'J
$-%01(-KZ)1#1G*01-(J2&#J-L12-J2&J01(0J&(J#&0F-(&'J$*%*J&#J0-()%-#J2&J
#*J21*%%&*J$-'2&')&)&AF)5#A!M9-('/#)*2-!&#!_R2&!&(&%-!2&!_`RiNA!

OjQ ^&%(I(2&G8!BA8! _`R`A!Z'-! 2&![L12-! 2&! \1(0! &(0*$'/#*2-! &(! $-%01(-'A!
C1'$-(1+#&! &(! F))$cKK*;%1(&d'A&'K_`RfK`_KRPK/'-J2&J51(&%*#&'J
1(-%;*(10-'J&(0*$'/#*2-'J&(J$-%01(-KA! M9-('/#)*2-! &#! R`! 2&! 5*%G-! 2&!
_`RiNA!

OfQ k/1()&%-8!BA8! l/&%)*8!gA8! ReeVA!Z'-! 2&! $%-+17)10-'! &(! #*! (/)%1017(! 2&!
0&%2-'A! Z(*! %&>1'17(A! C1'$-(1+#&! &(c!
F))$cKKdddA'*+&%A/#*A>&K+1)')%&*5KR_jfiVhPeK_VeViK_K*%)10/#-RA$2.A!
M9-('/#)*2-!&#!RR!2&!5*%G-!2&!_`RiNA!

OiQ ^B668! _`R`A! T/12&! .-%! )F&! 0*%&! *(2! Z'&! -.! B;%10/#)/%*#! B(15*#'! 1(!
?&'&*%0F! *(2! :&*0F1(;A! :F1%2! %&>AA! &2A! 9F*5$*1;(8! =#A! ^&2&%*)1-(! -.!
B(15*#!601&(0&!6-01&)1&'A!

OVQ C*>1'8!gA"A8! CA9A8!m%-d(8! 9AWA!g*Ld&##8! \AmA! n-F('-(8! "AmA!o&;#&4!
*(2! ?ABA! C>-%*FA! _``jA! "..&0)! -.! $F-'$F-%4#*)&2! 5*((*('! *(2!
$F*%5*0-#-;10*#! *221)1-('! -.! G1(0! -L12&! -(! ;%-d)F! *(2!
155/(-0-5$&)&(0&!-.!d&*(#1(;!$1;'A!nA!B(15A!601A!_``fA!P_ciPRbiPhA!

OhQ Y?9A!ReePA!Y/)%1&()!?&E/1%&5&()'!-.!6d1(&A! R`)F! %&>! &2A!Y*)#A!B0*2A!
3%&''8!p*'F1(;)-(8!C9A!

OPQ k/1()&%-8!BA8!l/&%)*8!gA8!ReeVA!".&0)-!2&!#-'!$%-+17)10-'!4!&#!'&L-!'-+%&!
&#!0%&0151&()-!4!#*'!0*%*0)&%<')10*'!2&!#*!0*(*#!2&!#-'!0&%2-'A!^9WJDZ\A!
W-#A!W=8!YqR8!iJR_A!ReeVA!!
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