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! "#$%&'# ($)#'*# (+"%,-./+( '0# ($)#'0-$1# 23'1+-4 +#1 5(,(01+-4 0%3 

5(6"%,1+%& 7#,("1'0/µ*%3 8./,9, '0# ":#*'1# 06, #"#10-'(6, 0%3 µ(0#"03;1#+%& 

"$%)$<µµ#0%4 '"%3=9, 0%3 5(,1+%& >µ-µ#0%4. 

?3;#$1'09 0% =<'+#:@ µ%3 +#./)/0- +. !:*# !:1@"%3:% )1# 0% .Aµ# 0/4 

µ(:A0/4 µ%3, )1# 0/, +#.%=-)/'- 0%3 '0/, ("1'0/µ%,1+- "$%'A))1'/ #::< +#1 '( @:# 0# 

'0<=1# 0/4 ($)#'*#4 #"@ 0% ($(3,/01+@ µA$%4 +#1 0%, 0$@"% =1(B#)6)-4 06, "(1$#µ<06, 

A64 0/ =1#µ@$C6'/ 0%3 +(1µA,%3, #C-,%,0<4 µ%3 "<,0# ;9$% '0/, #,<"03B/ 

"$60%D%3:*#4. 51# 0/ =1#$+- '3µ"#$<'0#'/, 0/, (,.<$$3,'/ +#1 0/, (µ"1'0%'&,/ "%3 

µ%3 A=(1B(. 51#0* µ(0#:#µ"#=(&(1 0/, #)<"/ )1# A$(3,# +#1 )1# #,#E-0/'/ ),9'/4 +#1 

)1# 0%, +#.%$1'01+@ 0%3 $@:% '0/, ",(3µ#01+- µ%3 +#::1A$)(1#. F(6$9 0%, (#30@ µ%3 

03;($@ )1# 0/, (3+#1$*# 0/4 '3,($)#'*#4 µ#E* 0%3. 

?3;#$1'09 0%, ("*+%3$% +#./)/0- +. G6,'0#,0*,% H"(.<,/ )1# 0/ 

'3µ"#$<'0#'/, 0/ '3,(;- (,.<$$3,'/, 0/, +#.%=-)/'/ +#1 0/, (µ"1'0%'&,/ "%3 µ%3 

A=(1B(, #::< +#1 )1# 0/ D%-.(1< 0%3 '0/, +$3'0#::%)$#C*#, 0/, "$%.3µ*# 0%3 )1# <µ('/ 

("*:3'/ %"%1%3=-"%0( "$%D:-µ#0%4 +#1 #, "#$%3'1#E@0#, +#1 )1#0* -0#, "<,0# 

=1#.A'1µ%4 ,# "$%'CA$(1 0/ D%-.(1< 0%3 µ( (3;#$*'0/'/.  

?3;#$1'09 0%, +#./)/0- +. 8.#,<'1% I%&,0# J1(3.3,0- 0%3 ($)#'0/$*%3 

23'1+-4 )1# 0/ =3,#0@0/0# "%3 µ%3 A=6'( ,# "#$#+%:%3.-'6 0% µ(0#"03;1#+@ 

"$@)$#µµ# '"%3=9,, )1# 014 +#*$1(4 =1%$.9'(14 0%3 ("* 0%3 +(1µA,%3, 014 =1(3+$1,*'(14 

0%3 +#1 )1# 0/, /$(µ*# "%3 #"%",A(1, "%3 µ%3 -0#, "%:&01µ/. 

F# -.(:# ,# (3;#$1'0-'6 0%, +#./)/0- +. H1;#-: K%3+< J1(3.3,0- 0%3 

($)#'0/$*%3 5(,(01+-4 )1# 0/, (µ"1'0%'&,/ "%3 µ%3 A=(1B( +#1 0/, #µA$1'0/ 

3"%'0-$1B- 0%3. 

F# -.(:# ,# (3;#$1'0-'6 0%, +. !:*# I$1'0%C%$*=/ )1# 0/ D%-.(1< 0%3 '0/, 

0A;,/ 0/4 +$3'0<::6'/4 #::< +#1 )1# 0% +#:@ +:*µ# '0% ($)#'0-$1% 23'1+-4L #"@ 0% 

($)#'0-$1% 5(,(01+-4 0/, +. 8*):/ 7#"#.#,#'%"%&:%3 )1# 0/ '3µ"#$<'0#'/, #::< +#1 

0/, "%:&01µ/ D%-.(1< 0/4 +#1 0%, +. M*+% 7#"#,=$A%3 A,#, <$1'0% ("1'0-µ%,# "%3 

"<,0# "$@.3µ# µ%3 "$%'AC($( µ1# <µ('/ :&'/ '( E/0-µ#0# D1%":/$%C%$1+-4. 

F# -.(:# ,# (3;#$1'0-'6 @:% 0% "$%'6"1+@ '0% ($)#'0-$1% 23'1+-4 )1# 0/ 

C1:1+- 0%34 #,01µ(09"1'/, )1# 014 6$#*(4 '01)µA4 '0% ($)#'0-$1% 5(,(01+-4 0/ N*::3 

8,=$%30'%"%&:%3 +#1 0%, ("*+%3$% +#./)/0- +. M*+% G%'µ*=/ @"64 +#1 )1# 0/ 

'3µ"#$<'0#'- 0%3 +#1 0/, +. JA'"%1,# K%3+< )1# 0/, #+%&$#'0/ C$%,0*=# 0/4. 
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! (-"#$%&'(#)*+,- ((-Lactoglobulin, BLG) .+,#) - /#')$0 1*2%.3,- %&4 &*&5 %&4 

67"#$%&8 %2, µ-*4$#'%)$9,, .,9 417*:.) '%& 67"# $#) 1&""9, 7""2, ;-"#'%)$9,, 

:2*+8 <µ28 ,# /*+'$.%#) '. <"# %# .+=-. ! (-"#$%&'(#)*+,- .+,#) µ+# %41)$0 ")1&$#"+,- 

1&4 >:.) µ.".%-;.+ =).?&=)$7 %# %.".4%#+# ./=&µ0,%# :*<,)#, µ. #1&%>".'µ# %-, 51#*?- 

µ.67"&4 <6$&4 /)/")&6*#(+#8 6)# %-, #6."#=),0 BLG. @.2*.+%#) <%) =.'µ.5.), 

1*&'%#%.5.) $#) µ.%#(>*.) µ)$*7 4=*<(&/# =)#%*&()$7 '-µ#,%)$7 µ<*)# #1< %- µ-%>*# 

'%& ,.&6,<. A=)#+%.*# µ.".%-µ>,- .+,#) - )$#,<%-%7 %-8 ,# =.'µ.5.) *.%),<"-. B) =&µ)$>8 

µ.">%.8 =.+:,&4, <%) - =>'µ.4'- µ#$*78 #"5'&4 ")1#*9, &?>2,, *.%),&.)=9, $#) 

'%.*&.)=9,, '%-, $&)"<%-%# =>'µ.4'-8 .?#*%7%#) #1< %)8 '4,;0$.8 %&4 1.*)/7""&,%&8 

%-8 1*2%.3,-8 (pH, '46$>,%*2'-, ;.*µ&$*#'+#). 

 ! 1#*&5'# .*6#'+# 1*&'1#;.+ ,# '4':.%+'.) %- =&µ0 $#) %- ".)%&4*6+# %-8 

1*2%.3,-8 '. >,# '4,=4#'µ< '%.*.&=&µ)$08 $#) 6.,.%)$08 #,7"4'-8, µ. .1+$.,%*& %-, 

$&)"<%-%# 1*<'=.'-8 4=*<(&/2, 41&'%*2µ7%2,. ! 6.,.%)$0 µ.">%- #,#=.)$,5.) %-, 

.?.")$%)$0 =)#(&*&1&+-'- %&4 ")1&$7"4$#, .,9 &) µ.">%.8 1*<'=.'-8 #,#=.)$,5&4, %)8 

.1)µ>*&48 #""-".1)=*7'.)8 #µ),&?>2, $#) 41&'%*9µ#%&8. C. <,%) #(&*7 %- 

".)%&4*6)$<%-%# %-8 (-"#$%&'(#)*+,-8 28 µ.%#(&*># 4=*<(&/2, µ&*+2, %# 

.,=)#(>*&,%# #µ),&?># .,%&1+D&,%#) '%-, $&)"<%-%# =>'µ.4'-8. E# #µ),&?)$7 $#%7"&)1# 

1&4 µ.%>:&4, '%-, $&)"<%-%# =>'µ.4'-8 #,0$&4, '. %*.)8 D9,.8. ! D9,- A /*+'$.%#) 

.'2%.*)$7 '%& /7;&8 %&4 $7"4$#, - D9,- AA .,=)7µ.'# $#) - D9,- AAA .?2%.*)$7.  

B #""-"<µ&*(&8 BLGA :*-')µ&1&).+%#) 6)# $*4'%7""2'- $#) 1*&'=)&*)'µ< %-8 

%*)'=)7'%#%-8 =&µ08 '. '4,;0$.8 pH 7,3. E# 1.)*7µ#%# $*4'%7""2'-8 

1*#6µ#%&1&)0;-$#, µ. #19%.*& '%<:& %&, 1*&'=)&*)'µ< %-8 =&µ08 µ. $*4'%#""&6*#(+# 

#$%+,2,-F. ! $*4'%7""2'- %-8 (4')$08 1*2%.3,-8 #1>=2'. $*4'%7""&48 $#%7""-"&48 

6)# %&, 1*&'=)&*)'µ< %-8 =&µ08 µ. $*4'%#""&6*#(+# #$%+,2,-F. G.=&µ>,# 1.*+;"#'-8 

#$%+,2,-F #1< '56:*&%*&,, >=.)?#, <%) & $*5'%#""&8 %-8 BLGA 1&4 1#*0:;.) '. pH 7,3, 

'$.=7D.) '%- =)#$*)%)$0 )$#,<%-%# %2, 1,96Å. Bµ7=# :9*&4 .+,#) - P3221, 1&4 #,0$.) 

'%& %*)62,)$< $*4'%#"")$< '5'%-µ#.  B) =)#'%7'.)8 %-8 µ&,#=)#+#8 $4H."+=#8 .+,#) 

a=b=53,16Å,  c= 112,28Å   #=/=90°, 6=120°. ! $*4'%#""&6*#()$0 µ.">%- %2, 

#""-"&µ<*(2, #""7 $#) %-8 (4')$08 1*2%.3,-8 µ. =)7(&*# 41&'%*9µ#%# &=-6.+ '%-, 

$#%#,<-'- %-8 ".)%&4*6+#8 #""7 $#) %-8 '4,7(.)#8 41&'%*2µ7%2, $#) (-"#$%&'(#)*+,-8.  



                                                                                                                                                              SUMMARY 

II 

 

 

“Genetics and structural studies of mammalian !-Lactoglobulin 

as a carrier of hydrophobic biomolecules” 

 

 

 

SUMMARY 

 

!-Lactoglobulin (BLG) is the major whey protein of ruminant species and is also 

present in the milk of many but not all mammal species. !-Lactoglobulin is a typical 

lipocalin that has been studied extensively over the past seventy years. !here is a vast 

literature upon bovine milk BLG. It binds, protects and transports nutritionally important 

small hydrophobic molecules from the mother to the infant. It has been particularly studied 

for its ability to bind retinol. The available structural and binding studies lead to the 

conclusion that the ligand binding site can accommodate long-chain fatty acids, retinoids, 

and steroids, under various physiological conditions (pH, concentration, temperature).  

The present study tries to correlate the structure and functionality of the protein 

using a combination of conformational and genetics analyses primarily for the hydrophobic 

ligand binding site. Genetic studies reveal the evolutionary differentiation of the binding 

cavity and binding studies reveal the interactions among cavity amino acids and ligands. 

Regarding the functionality of !-lactogl"bulin as a carrier of hydrophobic molecules, 

important amino acid positions characterise the binding site. The amino acid residues 

forming the calyx of the protein are placed in three virtual rings (inside at the depth of the 

calyx, intermediate, and externally). 

The allele BLGA is used for crystallisation and three-dimensional structure 

determination at pH 7.3. The crystallisation experiments were made with a view to 

determine the protein’s structure using X-ray crystallography. Crystallisation trials of 

BLGA at p# 7.3 have produced crystals capable of diffracting X-rays at 1.96Å resolution 

on  an  X-ray  synchrotron  source.  Crystals  of  native  BLGA  are  of  the  trigonal  form 

(space group P3221) (average unit cell a=b=53.16Å,  c=112.28Å   $=%=90°, &=120°). 

Crystallographic analysis of alleles at the species level and also the native protein complex 

with various ligands may point to a possible physiological function and a further 

understanding of the functionality of this protein in mammals.  
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1. !"#$%&%' 
 

 

1.1   %()*  

 

!"µ#$%& µ' ()* +),-./')* (,* '00,%)1.* µ23404-5&* &67 (42* &89&542* /2--8&#'5*, 

4 :5&*, -)& %& 9&85/') /(4 %'4-;%%,(4 -)4 (42 <8&10. (,% &3&%&/5&, ;68'6' %& 

1&(483=/') %& 3,0>/') (4 µ$87 µ5& 3'>. ?)’&2(7 µ)/4µ;32/' (,% @8& 1&) 7(&% '1'5%, 

&6414)µ.3,1', (4643;(,/' (4 A8;#4* /(4 /(.34* (,*. B <8&10.* 3.0&/' &81'(>, µ& , 

3'> &%()0.#3,1' (,% 1&(>/(&/, 1&) 1&3=* /,1=3,1' &67(4µ& 1&) 48-)/µ;%&, C;#2-' 

->0& 1&) ()%>9(,1' µ&18)>. D67 ()* /(&-7%'* 642 ;6'/&% /(, -,, -'%%.3,1&% (& 185%& 

1&) &67 (4 ->0& 642 6.-' E,0> /(4% 428&%7 +,µ)428-.3,1' 4 ?&0&C5&*. !(,% '00,%)1. 

µ23404-5& – /"µ#$%& µ' µ5& '1+49. – A85/1'(&) 1&) , 68=(, &%&#48> +)&(84#.* µ' 

->0& µ,821&/()14"F 7(&% (4 %'4-;%%,(4 :5& ;182E' , µ,(;8& (42 (G;&) /(& +"/A&(& 

A42%> (,* H8.(,*, -)& %& (4% 684#20>C') &67 (4% 6&(;8& (42 (H87%4) 1&) (4% ;(8'#' µ' 

(4 ->0& (,* , 1&(/51& Dµ>03')&. 

B 784* ->0& &%&#;8'(&) /(4 684I7% A)404-)1.* ;118)/,* (42 J&/()14" &+;%& 

($% 3,0&/()1=%, 642 684485K'(&) -)& (, +)&(84#. (42 %'4-;%%,(42 -)& (4 46454 

&64('0'5 (, J4%&+)1. (84#. J;98) J5& 48)/J;%, ,0)15&. ?)& (4% >%38$64 7J$*, (4 ->0& 

'C&140423'5 %& &64('0'5 J;84* (,* 1&3,J'8)%.* +5&)(>* (42 '5(' &2(4"/)4, '5(' J' (, 

J48#. -&0&1(414J)1=% 684I7%($% ((28)>, A4"(284, -)&4"8()&) -)& 70, (, +)>81')& 

K$.* (42.  

< &6L '23'5&* µ'(&#48> (42 ->0&1(4* &67 (42* µ&/(4"* /(4 6'6()17 /"/(,µ& 

($% %'4-%=% µ;/$ (42 3,0&/µ4", &64('0'5 (4 µ)187('84 1"10$µ& 6&8&-$-.* - 

1&(&%>0$/,* 642 /,µ')=%'(&) /(, #"/,.  
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1.1.1  !"#$%µ&$'() (&$*$&+% ,%-&#$'(./   

 
!" #$%"&'()* )"'"'*&&+,'"( -. /01.: 

• 23()4*'/(" Domain: 0"(*1"& Eukaryota Whittaker & Margulis,1978   

• 5"&6%/(+ Kingdom: 2.& Animalia Linnaeus, 1758   

• 73+8"&6%/(+ Subkingdom: 0"µ3$*45& Bilateria (Hatschek, 1888) Cavalier-

Smith, 1983   

•   73/4&9,+µ+'"06" Branch: 63"$317#$8µ'& Deuterostomia Grobben, 1908   

•   :9,+µ+'"06" Phylum: 971:5$* Chordata Bateson, 1885   

•  73+&9,+µ+'"06" Subphylum: !;7/:"-5$*  Vertebrata Cuvier, 1812   

•    ;,#93+&9,+µ+'"06" Infraphylum: </&,7#$8µ&$& Gnathostomata 

Auct. - Jawed  

! <µ+'"06" Class: =%-&#$'(* Mammalia C. Linnaeus, 1758  

:'$ &9&'$µ"'()1 '"0(,=µ$&$ ")+%+9#/6 $ !*0$ (Order). (http://zipcodezoo.com, 2004-

2009, the BayScience Foundation, Inc). :'" #$%"&'()* 3/4(%"µ8*,/( /,>/()'()*: !*0$ 

>1$'7:*($"-& Artiodactyla (-?$49)"&'()*- 5++/(>1, @4=8"'", ;6A/., 2%*B(", 

C"µ1%/., 56&&+,/., D+64+( ).%.3.). !*0$ ?31'##7:*($"-& Perissodactyla  (E33+(, 

FG84/., H,+( ).%.3.). !*0$ !&1(7@*A& Carnivora (I*'/., :)J%+(, K(+,'*4(",LM)(/.    

                                                                          

 

 

 

 

 

 

 

 

 

 

 

 
!B)µ& 1.1 L9%+AG,/(" '-, #$%"&'()M,  
(1995, http://tolweb.org/Eutheria/15997) 
 

N"%*&&(+( %G+,'/., ).%.3.). !*0$ C%$.:% 

Cetacea (O/%B6,(", L*%"(,/., ).%.3). !*0$ 

D&A8µ71@& Lagomorpha (K"A+6, 

C+9,G%(" ).%.3.). !*0$ E15($'(* Rodentia   

(@+,'()+6, ;4+94"6+(, C*&'+4/., :)6+94+(, 

).%.3.). !*0$ ?15$3F7/$& Primates 

(P,#4-3+., I+46%"., ?3"µ3+96,+., 

<94"A)+'*A)+., D(µ3",'Q1. ).%.3.) 

(McKenna )"( Bell, 2000). :'+ #B)µ& 1.1  

>6,/'"( G," >/,>4=A4"µµ" '-, #$%"&'()M, 

(Tree of Life Web Project, 1997. Eutheria 

Placental Mammals, The University of Arizona 

College of Agriculture and Life Sciences and 

The University of Arizona Library).  
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1.1.2   !"#$%#& '()%*$+, 

 
 
! "#$%&"' ()* +,-./()0 1)* -.µ2,$&(.3 .14 53,6)7. &85' 1.7)*"3,9&3 µ&+,-&0 

53.6)7)1)3:"&30 (-./%*%, 1.1). ;) +,-. &8$.3 µ&8+µ. 53.647<$ )7+.$3/=$ )*"3=$ /.3 

.1)(&-&8(.3 /*78<0 .14 $&74, -81)0, 17<(&>$&0, *5.(,$%7./&0, ?$9*µ., ,-.(. /.3 

23(.µ8$&0. @3. 1.7,5&3+µ. "() .+&-.53$4 +,-. .$, 100mL 1&73?A)$(.3 &$5&3/(3/,, 

&$?7+&3. 66kcal : 275kJ, $&74 87,2g, 17<(&>$&0 3,4g, ",/A.7. (-./(49') 4,8g, 

A)-'"(&74-' 14mg, ."2?"(3) 120 mg, -31.7, 3,7g .14 (. )1)8., /)7&"µ?$. -31.7, 

)B?. 2,5g,  µ)$)./47&"(. -31.7, )B?. 1,1g, 1)-*./47&"(. -31.7, )B?. 0,1g. 

C$. .14 (. /#73. A.7./('73"(3/, ('0 %7&1(3/:0 /.(,"(."'0 /.(, (' $&)+$3/: 

1&78)5) "(. %'-."(3/, &8$.3 () +&+)$40 4(3 () +,-. .1)(&-&8 +3. ()$ .14+)$) (' 

µ)$.53/: 1'+: %7&1(3/=$ "*"(.(3/=$. C("3, "& (&-&)-)+3/: 2,"' µ1)7&8 $. &31<%&8 +3. 

(' "#$%&"' ()* +,-./()0 /,%& &85)*0 %'-."(3/)#, 4(3 .$(317)"<1&#&3 (' 2?-(3"(' 

"#$%&"' (<$ %7&1(3/=$ "*"(.(3/=$ 1)* .1.3()#$(.3 /.(, (' $&)+$3/: '-3/8. ()* 

&85)*0 .*()#. @3. 1.7,5&3+µ. () +,-. ()* 811)* /.3 () +,-. ()* 4$)* ?A)*$ (' 

A.µ'-4(&7' 1&73&/(3/4('(. "& -31.7,, &$= () +,-. ('0 6=/3.0 /.3 (<$ 6.-.3$=$ 

µ1)7&8 $. 1&73?A)*$ 1&73""4(&7) .14 50% -31.7,. DE'-: 1&73&/(3/4('(. "& -31.7, 

5&$ ?A&3 µ4$) () +,-. (<$ *57423<$ %'-."(3/=$. ;) +,-. (<$ A)87<$ ('0 @)*3$?.0 +3. 

1.7,5&3+µ. ?A&3 µ?"' 1&73&/(3/4('(. "& -31.7, 46%. F. 17?1&3 $. .$.6&7%&8 4(3 ' 

"#"(."' ()* +,-./()0 1)3/8--&3 .$,-)+. µ& () A74$) .14 ()$ ()/&(4, &$= 

"'µ&3=$)$(.3 /.3 &1)A3./?0 53./*µ,$"&30, 13%.$=0 "A&(394µ&$&0 µ& 53.(7)63/?0 

"*$:%&3&0 ()* 9=)*. (Hambraeus /.3 Lönnerdal, 2003) 
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!"#$%$& 1.1  !"#$%#& $'( )*+%,$'- %./ 01*2'3% 450& 6&+%#$1,78 (Hambraeus ,%1 
Lönnerdal, 2003). 

     '"()&   *+,%-#./012 ,34$%.)& (g $#3 100mL) 5+6µ7& $#38.+92& (µ-/:& 

,;$ (;84/1µ7 

<3/)+& ,:##=1:0&) 

 93:$4;8& <5.'- <%,$/=& Kcal 

93:$4"'8$% 
    >863:.'- 

 
0,9 

 
3,8 

 
7,0 

 
66 

 
120-180 

?&3(,%#$1,* 
    @)4+*0% 
    @5)% 
    A%µB+% 
    C*3%80'- 

 
3,4 
2,9 
3,7 

10,3 

 
3,7 
4,5 
4,2 

16,9 

 
4,8 
4,1 
4,1 
2,8 

 
66 
69 
69 

205 

 
30 
6 
 

10 

C3:,$1,* 
    @3'(3%5'- 

 
8,1 

 
8,8 

 
3,8 

 
127 

 
2 

9431##'0*,$(+% 
    D..'- 

 
1,9 

 
1,3 

 
6,9 

 
47 

 
13 

!%3,'2*)% 
    E*$% 

 
10,6 

 
10,8 

 
3,7 

 
154 

 
4 

F%+*##1% #%3,'2*)% 
    G7,1% 

 
10,2 

 
49,4 

 
0,1 

 
486 

 
5 

<%)/µ'32% 
    A'(8H+1 

 
10,3 

 
15,2 

 
1,8 

 
185 

 
4 

A&$70& 
    E%+*=1% 2*+%18% 

 
10,9 

 
42,3 

 
1,3 

 
430 

 
10 

?%3#1.'2/3% 
    A%),'(3/ 

 
4-10 

 
1-16 

 
5-0 

 
45-184 

 

 

 

 

 

 

1.1.3  !/0.:>#:& ,34$%.)& 

I.%3J& .3:$4;8&- K3H6&,4 #$' )*+% .'( HL41 %8%+(645 %./ /+% $% 450& µHL31 

$73%. M #(),H8$3:#& ,(µ%584$%1 µ4$%J" +1)/$43' %./ 1% H:- .431##/$43' %./ 10%. 

M .4314,$1,/$&$% #4 .3:$4;8& $'( )*+%,$'- $'( %8637.'( 458%1 & L%µ&+/$43& (0,9 g 

%8* 100 mL), 487 #4 045)µ%$% )*+%,$'- .'( +%µK*8'8$%1 %./ )*$%, ,'(8H+1, $*3%80', 

,%1 )%+*=1% 2*+%18%, & .4314,$1,/$&$% #4 .3:$4;8& µ.'345 8% 458%1 (N&+/$43& %./ 10% 

(958%,%- 1.1). O.*3L'(8 .'+" #&µ%8$1,H- .'1'$1,H- ,%1 .'#'$1,H- 01%2'3'.'1B#41- 

#$&8 4µ2*81#& .3:$4P878 #$' )*+% 01%2/3:8 41078. !(8B6:- '1 .3:$4;84- .'( 

(.*3L'(8 #$' )*+% (.'01%13'"8$%1 #4 0"' µ45='84- 'µ*04-, $1- %$?:>#:& (casein) ,%1 

$1- 8/0.:>#:& .)+ )/)@ .)+ ,34$%.)& B .+/),34$%.)& B µ2-%$?:A#;%7  3?0.)  

(whey  B serum proteins  B non- casein nitrogen). (Fox, 2003)  
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!"#$ %!"#$# 1.2 &'($#$"') "*++,-). /0-),. 1)'&#-*. '$2µ,+' +"# 324' "5. 

'3,421'. /') +"# 324' "#6 '$7-8%#6: 9 #4)/: +63/*$"-;+5 %-;",<$5., 5 '$'4#3(' 

#4)/#0 '=8"#6 /') µ5 %-;",>$)/#0 '=8"#6, 5 +?*+5 '=8"#6 /'=,<$5. µ, µ5 /'=,>$)/@ 

2=;"# /') "# %-#&(4 ";$ %-;",>$8$ +"# /42+µ' "5. /'=,<$5. /') +"# /42+µ' ";$ 

%-;",>$8$ "#6 #-#0 "#6 324'/"#.. A# '3,4'1)$@ 324' %,-)*?,) %,-(%#6 3,5% %-;",<$5, 

'%@ "5$ #%#(' 5 /'=,<$5 '%#",4,( %,-(%#6 "# 80% /') #) %-;",<$,. #-#0 "#6 324'/"#. 

"# 20%. (Hambraeus /') Lönnerdal, 2003) 

 

 

 

 

%!"#$#& 1.2 B-;",>$)/: +0$7,+5 '$7-8%)$#6 /') '3,4'1)$#0 324'/"#. (Hambraeus 
/') Lönnerdal, 2003). 

'()*#*+$, -./# #"01234( -./# #56/.7#& 

C4)/@ 2=;"# (gL-1) 1,8 5,3 
D5-%-;",>$)/@ 2=;"# (gL-1) 0,4 0,3 
8#96:"; (gL

-1
) 0,7 25 

% ,/"(µ5+5 ;.   
    's1-+'s2-/'=,<$5 E 54 
    F-/'=,<$5 >85 33 
    /-/'=,<$5 <15 13 
%1<*6:"6& 414= 5./#$*4& (gL

-1
) 5 6 

% ,/"(µ5+5 ;.   
   &-4'/"'4F#6µ($5 39 19 
   0-4'/"#+&')-($5 E 49 
   G$#+#+&')-($,. (#4)/@)  11 
   H//-)")/: IgA 13 I?$5 
                    IgG1 <2  
                    IgG2  <2  
    J6+#=0µ5 3 I?$5 
    G4F#6µ($5 "#6 #-#0 13 5 

 

 

 

 

 

1.1.4 %1<*6:"6& 414= 5./#$*4& !

C) %-;",<$,. #-#0 324'/"#. '$")%-#+;%,0#6$ "). %-;",<$,. (%#6 1,$ '$:/#6$ 

+"). /'=,<$,. /'78. /') /42+µ'"' ";$ /'=,>$8$) %#6 %'-'µ*$#6$ 1)'46"*. µ,"2 "5$ 

/'"'/-:µ$)+5 ";$ /'=,>$8$. K+"@+#, +:µ,-' # @-#. %-;",<$5 #-#0 324'/"#. %-*%,) 

$' ?-5+)µ#%#),("') µ@$# 6%@ µ(' 3,$)/: *$$#)' 3)' $' %,-)3-2L,) %-;",<$,. 324'/"#. 

1)'46"*. +, pH 4,6 /') 20°C. M$' '%@ "' ?'-'/"5-)+")/2 ";$ %-;",>$8$ "#6 #-#0 
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!"#$%&'( )*+$, - ./)&,%" /$µ-#0 1)2,)%&,%3&-&" &'4(, .) $25µ$&,%" $µ,+'67$ %$, ,8*5( 

&-( 9$,+4#$#$+*+-( %$, &-( &42'.*+-(. :"#$ $13 )*8- &-( &"6-( &5+ .$2%'9"!5+ 

;-#$.&,%<+ 1)2,7/), µ*$ .-µ$+&,%0 1'.3&-&$ 125&)=+<+ &'4 '2'> !"#$%&'( )+< &' 

!"#$ $13 )*8- %42*5( &25%&,%<+, 1)2,7/), 1'#> #,!3&)2-. (Fox, 2003). ?' 125&3!$#$ 

)µ9$+*@)&$, 1#'>.,' .) 125&)A+)( &'4 '2'> %$, )%&3( $13 &' .&"8,' &-( !$#$%&,%0( 

1)2,38'4, 7+$( $%3µ- 1$2"!'+&$(, 1'4 )1-2)"@), .-µ$+&,%" &-+ 1'.3&-&$ %$, &- 

.>.&$.- &'4 %#".µ$&'( &5+ 125&)=+<+ &'4 '2'>, )*+$, - 4!,),+0 %$&".&$.- &'4 

µ$.&'> (1./. >1$26- µ$.&*&,8$() (B+49$+&"%-(, 1994). 

C&,( 125&)A+)( '2'> !"#$%&'( 41"2/'4+ -  0-D$%&'.9$,2*+- (0-Lactoglobulin) 

%$, - &-D$%&$#E'4µ*+- (&-Lactalbumin), - $#E'4µ*+- &'4 '2'> (bovine serum albumin, 

BSA), B+'.'.9$,2*+)( (Immunoglobulins, Ig) (%42*5( IgG, IgM, IgA), 7+@4µ$ 315( - 

#4.'@>µ-, #,1".)(, 125&)".)(, 125&)3@)(-1)1&3+)( (proteose-peptones, PP), 125&)A+)( 

1'4 8).µ)>'4+ .*8-2' (iron-binding proteins) (lactoferrin %$, transferrin), 125&)A+)( 1'4 

8).µ)>'4+ E,&$µ*+)(, %.". (Fox, 2003). 

 

 

 

1.2  !"#$%&'()*+  

F, #,1'%$#*+)( (lipocalins) $1'&)#'>+ µ*$ )%&)&$µ7+- ',%'!7+),$ µ,%2<+ (160-

180 $µ,+'6,%" %$&"#',1$) )65%4&&"2,5+ 125&)=+<+, )4%$245&,%<+ $##" %$, 

12'%$245&,%<+ '2!$+,.µ<+. G '+'µ$.*$ &'4( 12'72/)&$, $13 &,( )##-+,%7( #76),( 

#*1'( %$, %"#4%$( #3!5 &'4 %',+'> /$2$%&-2,.&,%'> &-( ',%'!7+),$( &5+ #,1'%$#,+<+, 

1'4 )*+$, - 1$2'4.*$ )+3( .&$;)2'> %"#4%$ µ7.$ .&'+ '1'*' )!%#)*'+&$, 48239'E$ 

0/%$, /-µ,%" )4$*.;-&$ µ32,$ 315( E,&$µ*+)(, .&)2'),80 %$, 8)4&)2'!)+)*( µ)&$E'#*&)(, 

!,$ µ)&$9'2", $1';0%)4.-, 12'.&$.*$ 0 8-µ,'42!*$ ),8,%<+ .4+;-%<+. H/'4+ 7+$ )42> 

9".µ$ #),&'42!,<+ %$, 1)2,#$µE"+'4+ 125&)A+)( 87.µ)4.-( !)>.-( %$, '.µ0(, 7+@4µ$, 

!#4%'125&)A+)( ./)&,@3µ)+)( µ) $+'.'.9$,2*+)(, 95&'82$.&,%7( 125&)A+)(, /25µ'932$ 

%.". (Eliopoulos, 1996).  
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1.2.1 !"µ# $%&"'($%)*)   
 

!"#$ %&'()# "(* +,',&- ./,+01µ%$(* )",2 3,4(&.35$+2 "+67(*2 (1482) "(* 

+4,)"#µ($,&(6 4+0,(',&(6 Biochimica et Biophysica Acta "( 2000 (, Flower et al., 

)*$(859($".2 :0-/(*$: !+ +454+'( .µ,$(;,&<2 .&(3(*=5.2, (, 3,4(&.35$+2 

4.0(*),-9(*$ 7.µ#3< (µ(3(:5., µ,&0>"+0# "(* 20%. ?4-07(*$ 1)">)( µ,&0- 

)*$"#0#µ%$. .µ,$(;,&- µ("5@. 70<),µ. :,. "#$ ".*"(4(5#)# "1$ µ+3A$ "#2 

(,&(:%$+,.2. !"#$ .&(3(*=5. "1$ .4(&.3(6µ+$1$ kernel lipocalins *4-07(*$ "05. 

7.0.&"#0,)",&- µ("5@., ". (4(5. .$",)"(,7(6$ )+ "0+,2 '(µ,&- )*$"#0#µ%$+2 4+0,(7%2. 

B( 40A"( µ("5@( +5$., &(,$> :,. >3+2 ",2 3,4(&.35$+2 &., µ4(0+5 $. 70#),µ(4(,#=+5 :,. 

"#$ &."-".;# µ5.2 401"+C$#2 )"# )*:&+&0,µ%$# (,&(:%$+,.. D, 3,4(&.35$+2 )"#$ 

.µ,$(;,&< .&(3(*=5. "1$ (4(51$ '+$ +µ/.$59($"., &., ". "05. µ("5@. ($(µ-9($"., 

outlier lipocalins. D, 3,4(&.35$+2 4(* 4.0(*),-9(*$ +;.,0+",&< (µ(,>"#". µ+".;6 "(*2 

>)($ ./(0- )". )"(,7+5. '+*"+0(".:(62 '(µ<2 ($(µ-9($"., prototypic lipocalins. 

E$"5=+". µ+ "#$ 401"(".:< '(µ< "(*2, # µ+3%"# "#2 &0*)".33,&<2 '(µ<2 "(*2 

.4%'+,;+ >", (, 3,4(&.35$+2 ',.=%"(*$ %$. +;.,0+",&- )*$"#0#µ%$( '(µ,&> µ("5@( 

(+,#µ( 1.2). D&"A .$",4.0-33#3(, 0-&3A$(, )7#µ."59(*$ %$. 0-@.0%3, +33+,8(+,'(62 

',."(µ<2. F+".;6 "1$ 0-&3A$1$ E %12 G  4.0+µ@-33($"., 7 )"0(/%2 (AB, BC, CD, 

DE, EF, FG, GH) –4(* )"( -,#µ( 1.2  7.0.&"#059($"., 12 L1 %12 L7 .$",)"(5712– (, 

(4(5+2 +5$., )*$<=12 µ,&0%2 )*$'%)+,2 "64(* /(*0&%".2 (short 0-hairpins), +&">2 .4> 

"#$ L1 (µ+:-3# H )"0(/<). B( %$. -&0( "(* 0-@.0+3,(6 ()"0(/%2 L1, L3, L5 &., L7) 

.4("+3+5 "#$ +5)('( "#2 +)1"+0,&<2 4+0,(7<2 40>)'+)#2 (3,4>/,3(2 &-3*&.2) &., 

($(µ-9+"., .$(,&"> -&0( (Open End). B( -33( -&0( ()"0(/%2 L2, L4 &., L6) 

&.364"+"., .4> "# )*$"#0#µ%$# 310 %3,&. "(* .µ,$("+3,&(6 -&0(* "#2 4(3*4+4",',&<2 

.3*)5'.2 &., ($(µ-9+"., &3+,)"> -&0( (Closed End). F+".;6 "1$ 0-&3A$1$ H &., I 

*4-07+, 4-$". µ5. &-%3,&. (E1), "#2 (4(5.2 "( µ<&(2 &., # =%)# 12 40(2 "($ -;($. "(* 

0-@.0+3,(6 '+$ +5$., )*$"#0#µ%$.. H2 +;1&*""-0,+2 401"+C$+2, (, 3,4(&.35$+2 

',.=%"(*$ ',)(*3/,',&(62 '+)µ(62, (, (4(5(, '+$ /.5$+"., $. &.=(059(*$ "#$ "0,"(".:< 

'(µ< "(*2, .33- )*$+,)/%0(*$ )"# )".=+0>"#"- "(*2 )"( +;1&*""-0,( 4+0,@-33($.  
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!"#µ$ 1.2. !"#"$"%&'( )&*%+,µµ, (#"- #,+"-.&*/"01,& "& 0-'$20"& (A-I), 3 
,µ&0"14$&'5 310-6$&',, 3 ',+7"8-14$&'5 &-6$&', (A1) ',& "& .1+"96: (L1-L7). ;0, 
/4<%": )&*.1&'1=0 %+,µµ20 .-µ7"$>/4& 1"-: )4.µ"<: -)+"%(0"- µ41,8< 1=0 0-'$20=0. 
?3µ4&20"01,& 4#>.3: 1, 1µ5µ,1, 4'4>0, #"- ,#"14$"<0 1&: 1+4&: )"µ&'* .-013+3µ604: 
#4+&"@6: (Structurally Conserved Regions) SCR1, SCR2 ',& SCR3. (Flower, 1996) 

 
 

 

1.2.2 %&&'&()*+,-.(*/  

            
1.2.2.1 0'µ*12,34$ µ$5,1µ1,*$567  .2µ)&8597  (macromolecular 

complexation) 

 

A& $&#"',$>04: 6@"-0 130 &',0(131, 0, )3µ&"-+%"<0 .<µ#$"', (!"#µ$ 1.3.c) 

µ4 *$$4: -),1")&,$-16: #+=14B04:. C,+,'13+&.1&'* 4>0,& 1, #,+,)4>%µ,1, 13: RBP, 3 

"#">, )3µ&"-+%4> .<µ#$"'" µ4 130 transthyretin .1" #$*.µ, ',& 3 apolipoprotein (apo) 

D #"- .-0)641,& µ4 130 apoAII ',& 130 apoB-100. 

?1&: ,$$3$4#&)+*.4&: µ41,8< 1=0 #+=14D020 %&, 13 )3µ&"-+%>, 1=0 .-µ#$('=0 

.-µµ416@"-0 "& .1+"96: 1"- ,0"&'1"< *'+"- (Open End) 1=0 $&#"',$&020. A& )&,9"+6: 

.13 .<.1,.3 1=0 ,µ&0"86=0, .1" µ5'": ',& 13 )&,µ(+9=.3 1=0 .1+"920 #,>/"-0 

#+=14<"01, +($" .130 &.@-+5 ',& 4#&$4'1&'5 #+(.)4.3 )&,9"+41&'20 µ,'+"µ"+>=0. 

(Flower, 1996) 
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1.2.2.2 !"#$%&$' $&  ()*%*+&,- (receptor binding) 

!"#$%&'( ")*$+µ+,*-./ )(0)12)*/ 3,* &* 4*"&-+41()/ "$&50.(&(,+* 5) 

)2)*0*-)'µ.(&'/ )"*6+()*+-&7/ -',,+$*-&7/ '"&0&%)1/ (.+/µ0 1.3.d) "$&-)*µ.(&' (+ 

µ),+6.$&'( ,& '"35,$8µ# ,&'/, &$*5µ.()/ 6&$./ µ.58 )(0&-7,,859/ &43-49$&' ,&' 

5'µ"43-&'. :2)*0*-)'µ.(&* '"&0&%)1/ .%&'( "$&,+;)1 <*+ ,*/ 4*"&-+41()/:                     

+1-microglobulin, insecticyanin, glycodelin, retinol-binding protein, +1-acid glycoprotein, 

0-lactoglobulin -+* odorant-binding protein. =( -+* & µ9%+(*5µ3/ "$350)59/ 5,&'/ 

µ)µ>$+(*-&7/ '"&0&%)1/ 0)( .%)* +"&5+69(*5,)1 "4?$8/, 6+1(),+* 3,* ,+ ,µ?µ+,+ ,9/ 

0&µ?/ ,8( 4*"&-+4*(@( "&' 5'µµ),.%&'( 5’+',3( 0*+6.$&'( µ),+27 ,8( µ)4@( ,9/ 

&*-&<.()*+/. (Flower, 1996) 

 

1.2.2.3  12$µ&($' ()*$3"4µ5346  (ligand binding) 

A* 4*"&-+41()/ 0)5µ)7&'( .(+ µ)<#4& +$*;µ3 µ*-$@( '0$36&>8( -'$18/ 

'"&5,$8µ#,8( (.+/µ0 1.3.e). A 4*"36*4&/ -#4'-+/ .%)* 5'(?;8/ 59µ+(,*-# 

µ)<+47,)$& 3<-& +"3 ,+ "*;+(# '"&5,$@µ+,+, 0)( '615,+,+* 59µ+(,*-./ +44+<./ 5,9 

0*+µ3$685? ,&' -+,# ,9 0.5µ)'59 µ*-$@( µ&$18( -+* 5,9( )4)7;)$9 µ&$6? ,&' 

-+,+4+µ>#(),+* +"3 µ3$*+ ()$&7. 

B +µ*(&2*-? 575,+59, ,& µ.<);&/ -+* ,& 5%?µ+ ,&' 4*"36*4&' -#4'-+ "&' 

5%9µ+,1C),+* +"3 ,& 0->+$.4* -+* ,8( ,)55#$8( 5,$&6@( 5,9( )15&03 ,&' -+;&$1C&'( 

,+ %+$+-,9$*5,*-# ,9/ "$350)59/ 0*+6&$),*-@( '"&5,$8µ#,8(. D)$*-./ 4*"&-+41()/ 

0)5µ)7&'( µ*-$# '0$36&>+ µ3$*+ >+;*# 5,&( -#4'-# ,&'/, +"&µ&(@(&(,#/ ,+ "4?$8/ 

+"3 ,& 0*+47,9 (".%. MUP-6)$&µ3()/), )(@ #44)/ 0)5µ)7&'( µ)<+47,)$+ -+* 5%),*-# 

'0$36*4+ µ3$*+ 5) ")$*&%./ "$&5>#5*µ)/ +"3 ,& 0*+47,9 "&' 09µ*&'$<&7(,+* -'$18/ 

+"3 ,*/ 5,$&6./ (".%. BBP-Biliverdin IXc). B )"*4)-,*-3,9,+ ,9/ 0.5µ)'59/ 0*+6.$)* 

µ),+27 ,8( µ)4@( ,9/ &*-&<.()*+/. A$*5µ.()/ 4*"&-+41()/ "+$&'5*#C&'( 'E94? 

)2)*01-)'59 "$&/ 5'<-)-$*µ.(+ '"&5,$@µ+,+ (RBP - retinol, ApoD - progesterone -+* 

arachidonic acid, NGAL - Fe(III)-enterobactin), )(@ #44)/ 0)5µ)7&'( %8$1/ 

)"*4)-,*-3,9,+ .(+ "4?;&/ µ*-$@( µ&$18( (human Tlc - fatty acids, alcohols, 

phospholipids, glycolipids, cholesterol, retinol, arachidonic acid, lipid peroxidation 

products, microbial Fe(III)-siderophores -+* rifampin).  (Flower, 1996) 
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!"#µ$ 1.3. !"#µ$%&'( )&*+,$µµ$ %#- ).µ/- %01 2&3.'$2&141 '$& %01 
$22#253&),*6501 3.7 6"5%89.1%$& µ5 %&- &)&(%#%5- µ.,&$'/- $1$+14,&6#- (Flower, 
1996). a: :1$3$,*6%$6# %#- %,&6)&*6%$%#- ).µ/- %01 2&3.'$2&141. ; <=6# %.7 
2&3(>&2.7 '*27'$ 67µ?.2895%$& µ’ =1$ #µ&'@'2&.. b: :32.3.&#µ=1. )&*+,$µµ$ %#- 
).µ/- (3.7 )&$',81.1%$& . '*27'$- '$& =1$ 73.<5%&'( %µ/µ$ 3.7 3,.6)=15%$& 6%.7- 
73.)."58- (receptor binding patch). c: A#µ&.7,+8$ 67µ32('01 µ5 7)$%.)&$27%* 
µ$',.µ(,&$. A&$',81.1%$& .& 35,&3%465&- %#- µ# .µ.&.3.2&'/- 6@1)56#- (3.". RBP – 
transthyretin) '$& %#- .µ.&.3.2&'/- (3.". )&6.72>&)&'.8 )56µ.8 6%. 6@µ32.'. apoD – 
apolipoproteins) d: B,(6)56# 65 µ5µ?,$1&'.@- 73.)."58- µ=60 51(- 53&>$15&$'.@ 
%µ/µ$%.- %#- 2&3.'$281#- (3.". Purpurin) / %01 6%,.>41 %.7 $1.&'%.@ *',.7 (3.". 
RBP). e: A=6µ576# 73.6%,0µ*%01 6%. ?*<.- %.7 2&3(>&2.7 '*27'$ / 65 35,&."=- 
35,&66(%5,. 5'%5<5&µ=15- 6%. )&$2@%#.  
 

1.2.3 %&'()*+,-$ 

:1 '$& # 25&%.7,+8$ %01 35,&66(%5,01 2&3.'$2&141 )51 581$& 32/,0- 

"$,$'%#,&6µ=1#, 73*,".71 $7C$1(µ515- 51)58C5&- (%& .& 2&3.'$2815- 67µµ5%=".71 65 

3.&'825- ?&.2.+&'=- )&5,+$685- (30- # ,@<µ&6# %#- '7%%$,&'/- $@C#6#- '$& %.7 

µ5%$?.2&6µ.@ (apolipoprotein D, purpurin, $1-microglobulin '$& neutrophil gelatinase-

associated lipocalin), # ,@<µ&6# %#- $1.6.2.+&'/- $3(',&6#- ($1-microglobulin, 

glycodelin, '$& + chain of complement factor 8), # (6>,#6# (odorant-binding protein), # 

$1*3%7C# %01 &6%41 (lazarillo) '$& # 67µ35,&>.,* %01 9401 µ=60 ),*6#- >5,.µ.141 

($2-urinary globulin, major urinary protein) (Åkerstrom et al., 2000).  

A51 73*,"5& >76&.2.+&'(- µ#"$1&6µ(- +&$ %# 25&%.7,+&'/ )&$>.,.3.8#6# %01 

2&3.'$2&141, (30- +&$ 3$,*)5&+µ$ µ5 %# )#µ&.7,+8$ )&$>.,5%&'41 $1%&60µ*%01 '$%* 

%#1  $1.6.2.+&'/  $3(',&6#,  3.7  ?52%&6%.3.&/<#'$1  '$%*  %#1  5C=2&C#  3,.'5&µ=1.7 
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!" #$%&#'()*+! #,#%-%.#+µ(!#/ '#%&*+012#/. 32!"% $%4"!5! 5&% +$607*+! µ5!* -(." 

-%"8*0#&%.(/ '%$*."'2!#/ )&*! 6!409$* µ# -%".0%&(/ '#%&*+012#/, $*+ (7*+! *045'*1#/ 

$09&#:!#/ )# 6''" 4;'")&%.6 < )$*!-+'9&6. = RBP &*+ "!40>$*+ ."% &*+ 7*20*+ 1%" 

$"06-#%1µ" -%"8(0*+! µ5!* )# 12 "µ%!*,%.6 ."&6'*%$", $*+ ?02).*!&"% µ".0%6 "$5 &;! 

$#0%*7< $05)-#);/ &;/ 0#&%!5';/.  (Flower, 1996) 

 

1.3 !-!"#$%&'"()*+, 

 

= 0-'".&*)8"%02!; (0-Lactoglobulin, )+!&*µ*10"82":  ?lg, #!!"''".&%.6 

".09!@µ%": 0-Lg, ?Lac, BLG) (Akerstrom et al., 2000) #2!"% ; ?")%.< $09&#:!; &*+ 

*0*@ &*+ 16'".&*/ $*''>! 4;'")&%.>!. 32!"% µ2" µ;-1'+.*B+'%9µ(!; #,"%0#&%.6 

)&"4#0< '%$*."'2!; (kernel lipocalins prototypic).  

C$607*+! #!-#2,#%/ 5&% ; 0-'".&*)8"%02!; #+4@!#&"% #! µ(0#% 1%" &;! "''#012" 

&9! ?0#8>! )&* "1#'"-%!5 16'" (Sawyer, 2003). D 50*/ "''#012" )&* 16'" "1#'6-"/ 

"!"8(0#&"% )&%/ "!#$%4@µ;&#/ #.-;'>)#%/ $*+ $0*."'*@!&"% µ# &; µ#)*'6?;); 

"!*)*'*1%.>!  µ;7"!%)µ>! (!"!&% &9! $09&#E!>! &*+ "1#'"-%!*@ 16'".&*/.  

 

1.3.1 -"$"+%µ. $,/  !-0"#$%&'"()*+,/ &$" 1,0"&$(#2  

 
= BLG #2!"% ; ?")%.< $09&#:!; &*+ *0*@ &*+ 16'".&*/ &9! $#0%))5&#09! 

4;'")&%.>! ((9/ $#02$*+ 10% &;/ *'%.</ $09&#:!;/ < &* 50% $#02$*+, &9! $09&#E!>! 

*0*@ 16'".&*/). = BLG #2!"% ; .@0%" $09&#:!; &*+ *0*@ 16'".&*/ &9! µ;0+.")&%.>!. 

F&* "1#'"-%!5 16'" "!&%$0*)9$#@#% $#02$*+ &* 50% &9! $09&#E!>! &*+ *0*@ 16'".&*/. 

3$2);/, ?02).#&"% )&* 16'" µ*!*1")&0%.>! B>9! 7*20*/, 2$$*/, ).@'*/, 16&" ."% )# 

µ"0)%$*850", "''6 -#! (7#% "!%7!#+4#2 )&* 16'" "!40>$*+, &09.&%.>! < '"15µ*089!. 

F# "+&6 &" #2-;, ; &-'".&"'?*+µ2!; #2!"% ; .+02"07; $09&#:!; &*+ *0*@ 16'".&*/. =  

0-'".&*)8"%02!; -#! #2!"% "$*@)" "$5 5'" &" $09&#@*!&"G +$607*+! $09&#@*!&" $*+ 

(7*+! &; BLG )&* 16'" &*+/, 1%" $"06-#%1µ" * µ".6.*/ ."% * µ$"µ$*+2!*/. = 

"1#'"-%!< BLG #2!"% ; $%* µ#'#&;µ(!; $09&#:!; 16'".&*/ (Hambling et al. 1992, 

Sawyer 2003). F&*! 3*+"#" 1.3  $"0*+)%6B#&"% ; ."&"!*µ< &;/ BLG )&" 4;'")&%.6. 
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!"#$%$& 1.3 H !"#$%&'" ()* 0-+",($&-".#'/)* &($ 01+" 2."-3#4/ 5.26/ 
( !#$&2.$#.&µ3* ()* 7!"#8)* ()* !#4(59/)*, 2."&("%#4µ:/) "/(.2#"&(.,3()(", 
2.";:&.µ5* ,1!$.5* !+)#$-$#'5* "!3 ()/ ",$+$%;'" ()* !#4(59/)*) (Sawyer, 2003).                                                                                             

 

                       '"()&                          !$*)+,"$ -.&  !-/$%-),0$1*"#.&    
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1.3.2 !"#$%&'($) *)+ !-,-.*#$/-"01&)+ 

 
!" #$%"&' (%)*&+,&' *-. /012#*-' 3.µ(&%"12µ42,-µ5,6' *6'  0-12#*-372"%8,6', 

4"-3.,*89&*2" &,*:' *), &##%"*"#;, &("961"2#;, #.**0%), *), µ23*"#;, 2<5,), .(: 

*-, 51&/=- *6' (%-12#*8,6'. > (%--BLG 5=&" 180 2µ",-?52 µ&*0 *6 µ&*07%236 *-. 

mRNA (-. #)<"#-(-"&8 *6 BLG. @- (&(*8<"- -<6/:' &µ72,8A&*2" .B610 3.,*6%6µ5,- 

µ&*2?$ *), &"<;, #2" (&%"5=&" (-110 #.%8)' .<%:7-42 2µ",-?52. C&*0 *6, 2(-#-(D 

*-. (&(*"<8-. -<6/-$, 6 ;%"µ6 (%)*&+,6 µ(-%&8 ,2 .(-4169&8 3& µ&*2–µ&*27%23*"#D 

*%-(-(-8636 3*- 2<%: &,<-(123µ2*"#: <8#*.-, 2#-1-.9-$,  6 µ&*27-%0 3*- 3$3*6µ2 

Golgi #2" 6 &,3)µ0*)36 3*2 &##%"*"#0 #.3*8<"2 #2" *51-' 6 5##%"36 3*-, 2.1: *6' 

2<&,-#.B516', :(-. 3.33)%&$&*2" 3*- /012 #2" 2(-µ2#%$,&*2" µ& *- 96123µ:. 

(Vilotte et al., 2003) 

 

 

1.3.3 2#µ3 *)+ !-,-.*#$/-"01&)+ 

 

 
H 0-12#*-372"%8,6 5=&" 162 2µ",-?"#0 #2*01-"(2 ($43µ- 1.4) , µ-%"2#: 40%-' 

~18.000 Da, (µ-%"2#: 40%-' BLG A 18.363 Da), pI 5,3. > <&.*&%-*2/D' <-µD ($43µ- 

1.4) *6' BLG 2(-*&1&8*2" 2(: 15% &-51"#2, 50% 0–(*.=)*D &("70,&"2 #2" 15–20% 

3*%-7D (Creamer et al., 1983). > BLG 5=&" µ82 (-1$ 3.µ(2/D 372"%"#D <-µD. E09& 

µ-,-µ&%5' .(0%=&" (&%8(-. )' 3728%2 µ& <"0µ&*%- (&%8(-. 3,6 nm. > <-µD *6' ((".5&- 

1.1) &8,2" 0,)- #2" #0*)- 0-(*.=)*D &("70,&"2 D 42%51". K09& <"2<-="#:' 0-#1;,-' 

(%-3*89&*2" <8(12 3*-, (%-6/-$µ&,- #1;,-, 5)' :*-. - *&1&.*28-' #1;,-' ,2 3.,<&9&8 

µ53) <&3µ;, .<%-/:,-. µ& *-, (%;*- #1;,- #2" ,2 <6µ"-.%/69&8 *- 42%51". !" #1;,-" 

&8,2" 2,*"(2%01161-" #2" :1&' -" 3.,<53&"' &8,2" «7-.%#5*&'». F=&" <$- <"3-.17"<"#-$' 

<&3µ-$' (C66-C160, C106-C119) #2" µ82 &1&$9&%6 2110 µ6 &#*&9&"µ5,6 #.3*&+,6 

(C121). ! 5,2*-' 0-#1;,-', 2(-*&1&8 *- µ&/21$*&%- µ5%-' *6' &("70,&"2' <"&(27D' 3*- 

3=6µ2*"3µ: *-. <"µ&%-$' 3& -.<5*&%- pH. (Papiz et al. 1986,  Bewley et al. 1997,  

Brownlow et al.  1997) 
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!"#µ$ 1.4 !µ"#$%"&' ())*)$+,-( &(" .$/$)$0-( .*1 (02)(3"#'1 BLGB.  

                                                                                                 [   0-&)4#$1,    &-5)"&(,     3"6$+)7"3"&81 326µ81] 

 
 
 
 

 
%&'()$ 1.1 9,*µ(."&' (#(/(:;6.(6* .*1 0-)(&.$67(":-#*1, µ2 .$ /:80:(µµ( 
(/2"&8#"6*1 PyMOL (PDB ID: 1GX8) < 3$µ' 2-#(" ;#=- &(" &;.=- 0->(:5)". ?" 
(#."/(:;))*)$" 0-&)4#$" 6+6.:57$#.(" &(" &(µ/+)4#$#.(" 5.6" 46.2 * 3$µ' #( µ/$:2- 
2/-6*1 #( @2=:*@2- =1 3A$ 0-/.+,=.51 2/"7;#2"21 /$+ /(&2.;:$#.(" * µ-( (/5#(#." (/8 
.*# ;))*. (?" 3A$ 3"6$+)7"3"&$- 326µ$- ,:=µ(.-B$#.(" µ2 &-.:"#$)   
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! "#"$%"&"$'() *&µ( "+) ,%-"#./+) ,&01233#0 µ#"$45 µ&/&µ#%6/, *0µ#%6/ ( 

&30'&µ#%6/ #4$%"6µ#/+ $,7 "& pH, "+ 8#%µ&1%$92$ 1$0 "+/ 0&/"01( 09:5, µ# $;"( "&; 

*0µ#%&5) /$ #2/$0 + #,01%$"&59$ µ&%<( ;,7 <;90&3&'01=) 9;/8(1#) (Kumosinski 1$0 

Timasheff 1966,  McKenzie 1$0 Sawyer 1967, Gottschalk et al. 2003). >#'&/7), ,&; 

,08$/6) #2/$0 "& $,&"=3#9µ$ µ2$) #;$298+"+) 09&%%&,2$) µ#"$45 $33+3#,0*%?9#-/ 

;*%7<&@-/, +3#1"%&9"$"016/ 1$0 *#9µ6/ ;*%&'7/&; (Sakurai et al. 2001,  Sakurai 1$0 

Goto 2002).         

A%09*0?9"$"#) *&µ01=) ,3+%&<&%2#) '0$ µ2$ ,%-"#./+ µ,&%&5/ /$ 9;33#'&5/ 

,#0%$µ$"01? #2"# µ# 1%;9"$33&'%$<01( µ#3="+ $1"2/-/-B #2"# µ# <$9µ$"&91&,2$ 

,;%+/01&5 µ$'/+"01&5 9;/"&/09µ&5 (NMR), #/6 $/$,"599&/"$0 9;/#:6) µ=8&*&0 

,%7@3#C+) *&µ(). ! 1%;9"$33&'%$<2$ ,%-"#D/6/ $,&"#3#2 µ2$ 09:;%( "#:/01( µ# "+/ 

&,&2$ =:#0 ,%&9*0&%09"#2 + ,3#0&C+<2$ "-/ ,%-"#D/016/ *&µ6/ ,&; #2/$0 '/-9"=) -) 

9(µ#%$. (Sawyer et al., 2002) 

E$%73&, ,&; + 0-3$1"&9<$0%2/+ ("$/ µ2$ $,7 "0) ,%6"#) ,%-"#./#) -$,7 "& 

1968- ,&; $,&"=3#9# $/"01#2µ#/& 1%;9"$33&'%$<016/ µ#3#"6/ µ# $1"2/#)-B, + *&µ( 

"+) 0-3$1"&9<$0%2/+) $,7 "& $'#3$*0/7 '?3$ 1$8&%29"+1# 1%;9"$33&'%$<01? "& 1985 

$,7 "&;) Sawyer, Papiz, North 1$0 Eliopoulos. F0 #,0";:+µ=/#) 1%;9"$33&'%$<01=) 

µ#3="#) &*('+9$/ 9# 1%;9"?33-9+ "+) BLG 9# "%2$ *0$<&%#"01? 1%;9"$3301? 

,3='µ$"$ B, G 1$0 H 1$0 *2/&/"$0 9"&/ !"#$%$ 1.4 . I%;9"$33&'%$<01=) µ#3="#) 

µ,&%&5/ /$ ,%&9<=%&;/ ,3+%&<&%2#), $,’ "&;) 8#%µ01&5) ,$%?'&/"#) (79& µ#'$35"#%+ 

#2/$0 + "0µ(, "79& 30'7"#%& #/"&,09µ=/& ( "79& ,0& 8#%µ01? "$3$/"&5µ#/& #2/$0 "& 

?"&µ&), 9:#"01? µ# "+/ 10/+"017"+"$ ( "+/ #;1$µC2$ "+) 15%0$) 1$0 "-/ ,3#;%016/ 

,%-"#./016/ $3;92*-/. J"+ 0-3$1"&9<$0%2/+ µ#%01? "µ(µ$"$ "+) ,&3;,#,"0*01() 

$3;92*$) #µ<$/2K&;/ ;C+3&5) 8#%µ01&5) ,$%?'&/"#) 1$0 + $/"29"&0:+ +3#1"%&/01( 

,;1/7"+"$ #2/$0 30'7"#%& 1$8&%09µ=/+. (Sawyer, 2003) 
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   !"#$%$& 1.4 !" #$%&'())*+$(,"#-. µ/)-'/. '0.  0-)(#'*&,("$120. (Sawyer, 2003). 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

3%&"#*40µ"#-. µ/'$5&/". &'( '-)0 '0. 6/#(/'1(. '*% 1950 (Tanford #(" Nozaki 

1959, Tanford et al. 1959) -6/"7(2 '02 8($*%&1( µ1(. #($9*7%)"#5. *µ:6(. /2;. 

#('()*18*% µ/ (2<µ()( %=0)5 '"µ5 pKa 7,3. A$+;'/$( 6/14>0#/ ;'" 0 BLG %8;#/"'(" 

&/ '$/". /7($'0µ-2/. (8; '* pH &'/$/*6"('(#'"#-. ())(+-. µ/'(7? '@2 #('(&':&/@2  

N, Q, R, S,  8*% 8($*%&":A*2'(" &%2*8'"#: @.: 

Q ! N ! R " S 

B/'(7? pH 4 #(" 6 0 BLG %,1&'('(" '02 (2(&'$-="µ0 Q ! N µ/':9(&0. B/'(7? pH 

6,5 #(" 7,8 8($('0$/1'(" 0 6/?'/$0 (2(&'$-="µ0 &'/$/*6"('(#'"#5 ())(+5 (N ! R ) 

&%42: *2*µ(A;µ/20 µ/':9(&0 Tanford (Tanford transition). C '$1'0 µ0 (2(&'$-="µ0 

&'/$/*6"('(#'"#5 ())(+5 /12(" ()#()"#5 (8*6":'(70 '0. BLG. (Sawyer, 2003) D/ pH 

µ"#$;'/$* '*% 3,5 #(" µ/+()?'/$* '*% 7,5 0 BLG 6"(4@$1A/'(" &/ µ*2*µ/$5 '@2 ~18 

kDa. D/ pH µ/'(7? 5,5 #(" 7,5 0 (+/)(6"25 BLG &40µ('1A/" 6"µ/$5 µ*$"(#*? 9:$*%. 

~36 kDa. D/ pH µ/'(7? 3,5 #(" 5,2 /"6"#: &/ pH 4,6 0 BLG &40µ('1A/" *#'(µ/$5 

µ*$"(#*? 9:$*%. ~144 kDa. (Fox, 2003) C (2:)%&0 '0. 6*µ5. µ/ (#'12/.-E &/ '"µ-. 

'*% pH 8:2@ #(" #:'@ (8; (%'; '0. (8*#()*?µ/20.  µ/':9(&0. Tanford (Tanford 

transition) 8$*&6";$"&/ ;'" 0 EF &'$*,5 (#(':)*"8( 85-89), /8(2('*8*>/'/1'(" (2:)*+( 

µ/ '". µ/'(9*)-. '*% pH. D/ pH 6,2 0 &'$*,5 EF /12(" #)/"&'5 8:2@ (8; '02 #*$%,5 
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!"# $%&'()"*, «+,$"-!%.» !/ Glu89 (!" 0%&$"1#()02 "1* µ' !/- %-3µ%(/ pKa) 4!" 

'45!'&)02 !"# 0,(#0%. 6' pH 8,1, %#!7 / 4!&"87 '9-%) µ%0&), %:2 !" $%&;() ;!4) 34!' 

!" «+%µµ;-"» <("#!%µ)-)02 "1*, :"# :&"%-%8;&+/0', -% $&940'!%) '0!'+')µ;-". 

(Edwards et al., 2009) =:94/. / 0&#4!%(()07 µ"&)%07 >)'#+;!/4/ (crystal packing) 

!&":":")'9!%) %-,("<% µ' !" pH. =9-%) %1)"4/µ'95!" !" ?%&%0!/&)4!)02 !5- >"µ3- 4' 

?%µ/(2 pH,  !24" 4' 0&#4!%(("<&%8)0;. µ'(;!'. 24" 0%) 4' µ'(;!'. 8%4µ%!"40":9%. 

NMR, !/. ':%-%!":"+;!/4/. !/. EF 4!&"87. :,-5 %:2 !/- '94">" !"# 0,(#0%, ;!4) 

34!' %#!7 -% 'µ:">9@') !/- :&24$%4/ #:"4!&5µ,!5-. (Sawyer, 2003) 

A) :'&)442!'&'. µ'(;!'. !/. >"µ7. !/. %<'(%>)-7. BLG µ' ?&74/ 

8%4µ%!"40":9%. NMR ;?"#- :&%<µ%!":")/+'9 4' !)µ;. !"# pH µ'!%1* 2 0%) 3. B 

µ'(;!/ !/. >"µ7. µ' !/ ?&74/ 8%4µ%!"40":9%. NMR 4' #>%!)02 >),(#µ% 

:%&"#4),4!/0' %:2 !"#. Kuwata et al. (1999) 0%) %:2 !"#. Uhrínová et al. (2000) 0%) 

;?') µ9% <'-)07 "µ")2!/!% µ' '0'9-/ :"# :&"4>)"&94!/0' µ' 0&#4!%(("<&%8)07 µ'(;!/ 

%0!9-5--C 4' pH 6,2 :%&, !" 4/µ%-!)0, ?%µ/(2!'&" pH 0%) !/- !%#!2?&"-/ %*1/4/ 

!"# ':)8%-')%0"* 8"&!9"# !/. :&5!'D-/.. B EF 4!&"87 0('9-') :,-5 %:2 !" %-")?!2 

,0&" !"# 0-$%&'()"* 0%) / :('#&)07 %(#49>% !/., !" Glu89 «4*&!/.» 0%+94!%!%) 

%:&24)!" 4!" >)%(*!/ 2:5. 4!). 0&#4!%((">"µ;.. B µ'<%(*!'&/ >)%8"&,,  4' 4*<0&)4/ 

µ' !" :(;<µ% Z !/. >"µ7. !5- µ'('!3- µ' %0!9-'.-C 4' pH 6,2 (Qin et al., 1998a), '9-%) 

2!) ") !&').-4!&"8;. !/. &-;()0%. #)"+'!"*- µ9% >)%8"&'!)07 +;4/ 4' 4?;4/ µ' !" 0-

$%&;() (Uhrínová et al., 2000), '->'?"µ;-5. (2<5 !"# pH :"# :&"0%('9 %*1/4/ +'!)0o* 

8"&!9"# 4' %#!2 !" µ;&". !/. :&5!'E-)07. ':)8,-')%..  (Edwards et al., 2009) 

 

 
1.3.3.1 !"µ# $%&  BLGs '()  *++' ,-./ (+/&  $/0 '1,+*.'0 

 

H BLG !"# 9::"#, :"# :%&"#4),@') µ;<)4!/ "µ")2!/!% 58% µ' !/- %<'(%>)-7 

BLG, ;?') %:">')?+'9 2!) '9-%) µ"-"µ'&;. 4' ;-% '#&* 8,4µ% pH, '-3 / BLG !"# 

?"9&"#, / ":"9% :%&"#4),@') 63% "µ")2!/!% µ' !/- %<'(%>)-7 BLG, '9-%) >)µ'&;. 4'   

pH < 5 0%) µ"-"µ'&;. 4' pH F 5 (4' %-!9+'4/ µ' !/- %<'(%>)-7 BLG). 6' pH 7, !24" / 

BLG !"# 9::"# 24" 0%) / BLG !"# ?"9&"# '9-%) µ"-"µ'&7. (Edwards et al., 2009) 6' pH 

µ'!%1* 5,5 0%) 7,5 / BLG !"# ?"9&"# 0%) ,((5- ')>3- !% ":"9% >'- :'&);?"#- '('*+'&" 
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!"#$%&'()$&" '*+ !,-µ./)0"#+ '&µ*(1 .+ 2.& 3&4.+5 - .3"#!). /-6 "µ5'.6 /"# 

!"#$%&'(&$)"# '*+ !,*/)0*/.& .3*#4*).6 µ* /-+ .3"/#,). '&µ*(&!µ"7 (Fox, 2003). 

8 µ*$9/- /-6 2(#!/.$$&216 '"µ16 BLG ,")("# (Hoedemaeker et al., 2002), !* 

pH 3,2 9'*&:* !.%;6 '"µ1 '&µ*("76 3"# !,-µ./)0*/.& .3< *+.$$.=1 '"µ&2;+ *+"/1/>+ 

/>+ .µ&+"/*$&2;+ 3*(&",;+, µ). /*/.(/"/.=16 '"µ1 .(2*/5 '&.%"(*/&21 .3< .#/1 3"# 

3.(./-(14-2* =&. /-+ .=*$.'&+1 BLG. 8 EF !/("%1 #&"4*/*) /"+ 2$*&!/< !,-µ./&!µ< 

35+> .3< /"+ 25$#2., <3>6 *3)!-6 '&.3&!/;4-2* =&. /-+ .=*$.'&+1 BLG !* <:&+" pH, 

!7µ%>+. µ* /-+ 9++"&. </& - !#=2*2(&µ9+- !/("%1 $*&/"#(=*) >6 9+. 2.352& =&. /"+ 

25$#2.. ?!/<!", - 3(>/*@+- /"# ,")("# 9,*& 3"$7 $&=</*(" !/.4*(1 '&.µ<(%>!- !* 

<:&+" 3*(&A5$$"+ .3’ .#/1+ /-6 .=*$.'&+16 3(>/*@+-6 (Burova et al. 2002, Invernizzi et 

al. 2006), =*="+<6 3"# 9,*& "'-=1!*& !/-+ .µ%&!A1/-!- /"# (<$"# /-6 BLG >6 

µ*/.%"(9. #'(<%"A>+ µ"()>+ µ9!> /"# <:&+"# 3*(&A5$$"+/"6 /"# *+/9("# (Burova et 

al., 2002). 

8 '"µ1 /-6 BLG /"# /.(5+'"# !* pH 6,5 µ* '&.2(&/&2</-/. 2,1 B '-µ"!&*74-2* 

.3< /"#6 Oksanen et al. (2006). C<!" /" µ"+"µ*(96 /-6 /(&/"/.="76 '"µ16 <!" 2.& /" 

'&µ*(96 /-6 /*/.(/"/.="76 '"µ16 *)+.& 3"$7 3.(<µ"&. µ* *2*)+. /-6 .=*$.'&+16 BLG. 

D.(./-(*)/.& !* pH 6,5 - !/("%1 EF +. A()!2*/.& !/-+ 2$*&!/1 49!-. (Oksanen et al., 

2006) 

 

 
1.3.4 !"#"$%&' ()%&%*+$,$- 

 

8 3(>/*@+- 3"# .3"µ"+;4-2* .3< /"+ Palmer /" 1934 .3< =5$. .=*$5'.6 

*µ%5+&0* */*("=9+*&. 2./5 /-+ .+5$#!1 /-6 µ* 253"&*6 %#!&2",-µ&296 /*,+&296. 8 .&/). 

.+.2.$7%4-2* .3< /"#6 Aschaffenburg 2.& Drewry (1955) 2.& 1/.+ - 73.(:- '7" 

.$$-$"µ<(%>+, 3"# "+"µ5!/-2.+ BLG A 2.& BLG B. 8 3(;/- .µ&+":&21 .2"$"#4). 

/-6 BLG .+.%9(4-2* .3< /"#6 Braunitzer, Liberatory 2.& Kolde /" 1972 2.& .3< /</* "& 

.2"$"#4)*6 />+ BLGs .3< 3"$$5 µ-(#2.!/&25 2.4;6 2.& .3< 5$$. *)'- 9,"#+ 

2.4"(&!/*) 3$1(>6 (Sawyer, 2003). E/"+ ./#-&- 1.5  3.("#!&50"+/.& "& '&.%"(96 />+ 

.$$-$"µ<(%>+ /-6 BLG />+ µ-(#2.!/&2;+ !* !,9!- µ* /"+ .$$-$<µ"(%" BLG B /-6 

.=*$5'.6.  
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!" #"$ %&'() *#*(+,µ-($" *../.0µ$12$" +/3 *4-.*5"(63 BLG -7(*" $" BLG A 

8*" BLG B. 9 &#$8*+)%+*%/ +$& *%#*1+"8$: $;<$3 %+/ =<%/ 64 8*" +/3 >*.7(/3 %+/ 

=<%/ 118 +$& *../.$µ012$& ? *#0 +/ 4.&87(/ 8*" +/( *.*(7(/ *(+7%+$"'*, *#$+-.$:( 

+/ 5"*2$1) µ-+*;: +@( *../.$µ012@( ? 8*" A. B#$8*+)%+*%/ +/3 4.$&+*µ7(/3 %+/ 

=<%/ 59 +$& *../.$µ012$& A *#0 "%+"57(/ 57(-" +$( *../.0µ$12$ C, -(, +$ 

4.$&+*µ"("80 $;: %+/ =<%/ 45 +$& A *(+"8*=7%+*+*" *#0 4.$&+*µ7(/ %+$( *../.0µ$12$ 

D. 9 5"*2$1) +$& *../.$µ012$& Dr #$& <'-" #1$%5"$1"%+-7 %+/( *&%+1*."*(6 2&.6 +@( 

>$$-"5,( Dr$ughtmaster, -7(*" / 4.&8$C&."@µ<(/ *%#*1*47(/ %+/ =<%/ 28. ! 

*../.0µ$12$3 D, #$& *(*8*.:2=/8- %+$ 4).* +$& yak 5"*2<1-" *#0 +$( A %+/ =<%/ 

158 µ- +/( #*1$&%7* µ7*3 4.&87(/3, *(+7 +$& 4.$&+*µ"("8$: $;<$3 8*" *1'"8) -7'- 

$($µ*%+-7 Dyak. ! *../.0µ$12$3 D 2*7(-+*" (* #1$<1'-+*" *#0 +$( *../.0µ$12$ A. 9 

#.61/3 *../.$&'7* +@( *µ"($;<@( +/3 0-.*8+$%2*"17(/3  4"* +$&3 *../.$µ012$&3 F 

8*" G, $" $#$7$" #-1"$17C$(+*" %+"3 *4-.)5-3 Bali 5-( <'-" *80µ/ 8*=$1"%+-7 #.61@3. 

D(+$:+$"3, <'-" #1$+*=-7 4"* +$&3 F 8*" G 0+" 0#@3 %+$( D, <'$&( 4.&87(/ %+/ =<%/ 158 

#$& *(+"8*="%+) +$ 4.$&+*µ"("80 $;: #$& &#)1'-" %+$( *../.0µ$12$ A. ! G 

#*1$&%")C-" µ7* *80µ/ 5"*2$1), <'-" µ-=-"$(7(/ %+/ =<%/ 78 *(+7 +/3 "%$.-&87(/3 +$& 

A. D(, $ F 5"*2<1-" -#7%/3 %&481"(0µ-($3 µ- +$( *../.0µ$12$ A %+/( :#*1;/ %-17(/3 

*(+7 #1$.7(/3 %+/ =<%/ 50 8*" +&1$%7(/3 *(+7 *%#*1+"8$: $;<$3, -7+- %+/ =<%/ 129 6 

130. !" *81">-73 =<%-"3 +@( *µ"($;"8,( *(+"8*+*%+)%-@( +@( F 8*" G, 8*=,3 8*" +$& 

*../.$µ012$& 9 *#$µ<($&( (* -;*81">@=$:( µ- +$( #1$%5"$1"%µ0 +@( #1@+$+*4,( 

5$µ,( *&+,( +@( *../.$µ012@(. !" I 8*" J 5"*2<1$&( *#0 +$( A %+/ =<%/ 108 0#$& / 

4.&87(/ *(+"8*="%+) +$ 4.$&+*µ"("80 $;:  8*" %+/ =<%/ 126 0#$& / .-&87(/ *(+"8*="%+) 

+/( #1$.7(/, *(+7%+$"'*. 9 5"*2$1) µ-+*;: +@( B 8*" W (>1<=/8- µ0($ %- µ7* *4-.)5*) 

$2-7.-+*" %+/( *(+"8*+)%+*%/ +/3 "%$.-&87(/3 %+/ =<%/ 56 *#0 .-&87(/. (Ng-Kwai-

Hang 8*" Grosclaude 2003, Farell et al. 2004)  

!" 5:$ 8$"($7 *../.0µ$12$" +/3 0-.*8+$%2*"17(/3 BLGA 8*" BLGB, -7(*" 

#"=*(,3 #*48$%µ7@3 -;*#.@µ<($" @3 8$"($7 *../.0µ$12$" +@( #./=&%µ,( +@( 

>$$-"5,(. ! BLGB -7(*" 8&17*1'$3 *../.0µ$12$3 %- 0.$&3 +$&3 #./=&%µ$:3 +/3 

"(5"863 2&.63 Eebu 8*=,3 8*" %+$ 75% #-17#$& +@( #./=&%µ,( >$$-"5,( +/3 2&.63 

Faurine #$& <'$&( <@3 +,1* -1-&(/=-7. ! *../.0µ$12$3 BLGB -7(*" $ -#"81*+<%+-1$3 

4"* +* -75/ B(s taurus 8*" B(s indicus. ( Ng-Kwai-Hang 8*" Grosclaude, 2003)  
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!"#$% &'#()*#'*(+,- &#../0 12#.#$3-,0 BLGs ,*)4% &.5% µ5'$21(+*24%, #* 

#&#-,0 1&#2.-%#$% (5µ1%+*26 +7(# 1&7 +5% 1..5.#$"-1 +o$ 1..5.#µ7'8#$ BLG B +50 

19,.6)10 7(# 21* µ,+1:; +#$0. <#../0 ,&-(50 1&7 +*0 $&#21+1(+6(,*0 &#$ 

&1'1+5'#;%+1* ),% µ&#',- %1 /"#$% &'#2;=,* 1&7 (5µ,*12/0 µ,+1..6:,*0. ># 96.1 +?% 

µ5'$21(+*24% &,'*/",* +5 BLG 1&7 /%1 µ7%# 9#%-)*#, +# 96.1 1&7 +# (2;.#, +# "#-'#, 

+# ),.8-%*, +5 96+1, +#% -&&# 21* +#% 7%# &,'*/",* +# &'#@7% +50 /28'1(50 );# A (, 

#'*(µ/%,0 &,'*&+4(,*0 +'*4% (7&?0 # (2;.#0 21* 5 96+1) )*12'*+4% 9#%*)-?%. >1 

µ1'(*&#87'1, +1 µ#%#+'Aµ1+1 21* 26&#*1 &'?+,;#%+1 35.1(+*26 /"#$% /%1 9#%-)*#. >1 

B##,*)A /"#$% 21* /%1 =,$)#9#%-)*#. (Sawyer, 2003) ># 9#%-)*#/1 21* =,$)#9#%-)*# +50 

BLG B'-(2#%+1* (+# "'?µ7(?µ1 11 (+5% 19,.6)1 21* (+5% 1-91, (+# 3 (+# &'7B1+# 21* 

(+# 28 (+#% -&&#. C* &'?+,@%*2/0 12#.#$3-,0 +?% BLGs 7.?% +?% ,*)4% ,µ81%-D#$% 

$=5.A ($%+A'5(5 +50 &'?+,E%50 21+6 +5 )*6'2,*1 +50 ,:/.*:50. (Vilotte et al., 2003) C 

/%10 1..5.7µ#'8#0 BLG +50 96+10, +#$ -&&#$ 21* +#$ 7%#$ 81-%,+1* %1 ,-%1* &*# 

2#%+*%6 (",+*D7µ,%#* µ, +1 =,$)#9#%-)*1 +50 BLG &#$ &'#()*#'-(+521% (+5% 19,.6)1 

21* (+5% 1-91 (Edwards et al.,  2009).   

F,% /",* 1%18,'3,- µ/"'* (+*9µA0 5 ;&1':5 9,%,+*24% &#.$µ#'8*(µ4% (+5% 

1-91. G, 1%+-3,(5 µ, +5% &.,*#=58-1 +?% BLGs # 1..5.7µ#'8#0 +50 1-910 &,'*/",* µ-1 

$&#21+6(+1(5, 5 #&#-1 ),% µ&#',- %1 ,-%1* +# 1&#+/.,(µ1 µ-10 (5µ,*12A0 µ,+6..1:50, 

)5.1)A +# 1(&1'+*27 #:; (+5 3/(5 130 +#$ BLGB +50 19,.6)10 9-%,+1* .$(-%5 (+5 

BLG +50 1-910. (Sawyer, 2003) 

G+# &'7B1+# 1%18/'#%+1* +',*0 1..5.7µ#'8#* H, I 21* C. O H µ, +#% 

1..5.7µ#'8# I )*18/'#$% (+5 3/(5 20 (Tyr (+#% A, His (+#% 1..5.7µ#'8# B). O 

1..5.7µ#'8#0 H ,-%1* &*31%40 # ,&*2'1+/(+,'#0 +50 0-.12+#(81*'-%50 +?% &'#B6+?%. 

O C )*18/',* 1&7 +#% H µ7%# (, µ-1 3/(5 (Gln 9*1 Arg (+5 3/(5 148).  

G+# "#-'# ,&-(50 1%18/'#%+1* +',*0 1..5.7µ#'8#* H, I 21* C. O 1..5.7µ#'8#0 

H ,-%1* 2$'-1'"#0 (+5 8$.A Duroc 21* # I (+5 8$.A Yorkshire, 81-%,+1* %1 )*18/'#$% 

(, µ-1 3/(5 Ala (B)/Val (A). O C )*18/',* 1&7 +o% H, (, );# 3/(,*0 (Glu 9*1 Asp (+5 

3/(5 9 21* His 9*1 Gln (+5 3/(5 69). J1+6 +'7&# ,%)*18/'#%+1 # 1..5.7µ#'8#0 C 

,µ81%-D,* µ*1 &#(#+*2A µ,+1B#.A µ, &,'-&#$ +1 );# +'-+1 +?% ,+,'#D$9?+4% D4?% %1 

&1'#$(*6D#$% &#.; µ,*?µ/%# &#(7 +#$ C. (Ng-Kwai-Hang 21* Grosclaude, 2003) 
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!"#$%$& 1.5  !" #"$%&'() *+, $--.-&µ/'%+, *.) BLG *+, µ.'01$2*"13, 24 25(2. 
µ4 *&, $--.-/µ&'%& BLG B *.) $64-7#$) (Sawyer, 2003). 
 

 
 
 

 

 

 

1.3.5  '()*+,-."$ 

8 0--$1*&2%$"'9,. :4'"(54" /-$ *$ 20 $µ",&;($ 646&,/) :&0 *., 1$<"2*7 

:&-=*"µ. 6"$ *. <'4:*"1> *.) $;9$ (Hambraeus 1$" Lönnerdal, 2003). ?"&4,4'67 :4:*9#"$ 

:&0 :'&('5&,*$" $:/ *. BLG @'921&,*$" 2*& 2*7#"& 4,*$*"13, µ4-4*3,. A:&*4-49 

4;$"'4*"1> :.6> *(*&"+, :4:*"#9+, 6"$ *$ &:&9$ &" µ4-(*4) :'&*49,&0, (,$ 40'= %72µ$ 

@"&-&6"1>) #'72.), /:+) $,*"0:4'*$2"1>, $,*"µ"1'&@"$1>, $,*"&;4"#+*"1>, 

$,*"1$'1","1> 1$" $,&2&''0<µ"2*"1>. !" ('40,4) *+, -4"*&0'6"13, 1$" <'4:*"13, 

5$'$1*.'"2*"13, *.), $,$%('&0, :"<$,> 5'>2. *.) 24 @"&-4"*&0'6"17 *'/%"µ$ 1$" 6"$ 

@"&5.µ"1() 4%$'µ&6(). (Pandya 1$" Haenlein, 2009)  

  B$'7 *& µ467-& $'"<µ/ µ4-4*3, & %02"&-&6"1/) '/-&) *.) #4, 49,$" $1/µ. 

:->'+) 6,+2*/). C"7%&'$ (5&0, :'&*$<49 6"$ *. @"&-&6"1> -4"*&0'69$ $0*>) *.) 

$","6µ$*"1>) :'+*4D,.) *&0 67-$1*&) (Sawyer, 2003). A'5"17 &" Farrell 1$" Thompson 

(1971) :'/*4",$, /*" :"<$,7 :$9E4" '0<µ"2*"1/ '/-& 2*& µ4*$@&-"2µ/ *&0 %+2%/'&0 

2*& µ$2*"1&= $#(,$.  !" Papiz et al. (1986) :'/*4",$, /*" -4"*&0'649 +) µ9$ µ4*$%&'"1> 

:'+*4D,. '4*",&4"#3,, /:+) . @"*$µ9,. A, $:/ *. µ.*('$ 2*& ,4&6,/, 1$<3) µ:&'49 ,$ 

#42µ4=4" *. '4*",/-. 24 µ9$ 0#'/%&@. *2(:., :'&2*$*4=&,*7) *., $:/ *., &;49#+2. 

!"#$% 
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!"# $" %& µ'%"()*'# µ)+, %-. +%-µ/0-. +%- 1'2%3 )$%'*-, "23 32-. & *'%#$31& µ2-*'4 

$" µ'%"('*5'4 +%&$ 2*,%'6$& 7)+µ'.+&8 *'%#$31&8 µ' %&$ -2-4" & BLG )0'# 7-µ#!9 

-µ-#3%&%". :$; -# Pérez et al. (1989) 2*3%'#$"$ )$"$ '<'#7#!'.µ)$- *31- 2-. +.$7)'%"# 

µ' %& 7#'.!31.$+& %&8 2)=&8 %-. 142-.8 %-. >/1"!%-8 !"%/ %& 7#/*!'#" %&8 $'->$#!98 

2'*#37-. %,$ µ3+0,$, 7#'>'4*-$%"8 %& 7*/+& %&8 1#2/+&8 µ)+" "23 %&$ #!"$3%&%" %&8 

BLG $" 7'+µ'?'# 1#2"*/ -<)".  

@# µ-*#"!)8 #7#3%&%)8 %&8 #7#"4%'*" & "$5'!%#!3%&%/ %&8 +' -<? !"# 2'=4$& 

(Miranda !"# Pelissier 1983, McAlpine !"# Sawyer 1990, Guo el al. 1995) !"# & 

7)+µ'.+& .2-+%*,µ/%,$ -7&>-?$ +%&$ .235'+& 3%# .2/*0-.$ /11'8 2#- '<'#7#!'.µ)$'8 

1'#%-.*>4'8. A  0-1"!%-+("#*4$& B*)5&!' $" 7'+µ'?'# 1#2"*/ -<)", !"%/ %- 7#"0,*#+µ3 

%&8 .23 92#'8 +.$59!'8 (Diaz de Villegas et al. 1987, Pérez et al. 1989) !"# & 7)+µ'.+& 

%-. .2-+%*;µ"%-8 '40' ,8 "2-%)1'+µ" %&$ "?<&+& %&8 +%"5'*3%&%"8 %&8 2*,%'6$&8 

(Creamer 1995, Shimoyamada et al. 1996). C"*-.+#/D'#, 32,8 "$"()*5&!', 

'$%.2,+#"!9 -µ-#3%&%" +%&$ %*#%-%">9 7-µ9 µ' %&$ 2*,%'6$& 7)+µ'.+&8 *'%#$31&8 

(retinol-binding protein) 9 RBP. A RBP +.$%45'%"# +%" !?%%"*" %-. 2"*'>0?µ"%-8 %-. 

92"%-8, 7'+µ'?'# )$" µ3*#- *'%#$31&8 !"# '!!*4$'%"# +%- 21/+µ", 32-. 7&µ#-.*>'4 

+?µ21-!- µ' %&$ transthyretin. A *'%#$31& 2*-+%"%'?'%"# "23 %&$ -<'47,+& !"%/ %& 

µ'%"(-*/ %&8 "23 %- 92"* +%-.8 2'*#('*'#"!-?8 #+%-?8 "23 %- +?µ21-!- RBP-

transthyretin, %- µ)>'5-8 %-. -2-4-. "2-%*)2'# %&$ "2-µ/!*.$+9 %-. µ)+, %,$ $'(*;$. 

A "$">$;*#+& %&8 RBP "23 '<'#7#!'.µ)$-.8 µ'µB*"$#!-?8 .2-7-0'48 !"# & 

"2'1'.5)*,+& %&8 *'%#$31&8 +.$'2/>-$%"# %&$ "2;1'#" %&8 +.$/('#"8 %&8 RBP 2*-8 

%&$ transthyretin !"# %&$ "2-#!-73µ&+9 %&8. E%+# %45'%"# %- '*;%&µ", "$ 5" µ2-*-?+' 

$" 1'#%-.*>9+'# & BLG ,8 µ4" '<,!.%%"*#!9 2*,%'6$& 7)+µ'.+&8 1#2"*;$ -<),$, µ' 

%-$ 47#- %*32- 2-. 1'#%-.*>-?$ & RBP !"# & !.%%"*#!9 FABP (fatty acid binding 

protein, 2*,%'6$& 2*3+7'+&8 1#2"*;$ -<),$). F.%3 ("4$'%"# µ/11-$ "245"$- 7'7-µ)$-. 

3%# -?%' &  2*,%'6$& %-. 0-4*-. -?%' %,$ #22-'#7;$ 7'+µ'?'# 1#2"*/ -<)" 2"*31- 2-. & 

BLG 31,$ %,$ '#7;$ 7'+µ'?'# *'%#$31&. @# Papiz et al. (1986)  "$)('*"$ '#7#!-?8 

.2-7-0'48 +%- )$%'*- %-. $'->$-? µ3+0-. 2*-%'4$-$%"8 )$"$ 2#5"$3 *31- +%& µ'%"(-*/ 

9 2*3+1&=& *'%#$31&8. @# Wang et al. (1997) '2#+&µ"4$-.$ 3%# & B#%"µ4$& D2 

7'+µ'?'%"# #+0.*3%'*" "23 %& *'%#$31&. G+,8 )%+# $" >'$#!'?'%"# - *31-8 %&8 +%& 

7#'.!31.$+& 2*3+1&=&8 B#%"µ#$;$. :24+&8 )0'# 2*-%"5'4 µ4" >'$#!9 1'#%-.*>4" ,8 
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!"!#$!%$&'() *!+,-."$!), $+.*.*.&/$0) 0 1"&#23$0) 4+,#/) 1"56µ7" (Farrell '!& 

Thompson 1990, Pérez el al. 1992, 1995). 8#$(#. / 9+13"! -&! $/ %1&$.3+-:! $/) 

*+7$1;"/) #$. "1.-"( 1"4921$!& "! 1:"!& !*!$/%0, 4&($& / BLG 41" 1:"!& *!+.6#! #$. 

-,%! (%7" $7" 1&4<". =. 1+<$/µ! *.3 *+.'6*$1& 1:"!& !" / *+!-µ!$&'0 $/) %1&$.3+-:! 

#3"491$!& µ1 ',*.&! 4&!4&'!#:! #$/ µ/$9+!. >" '!& / BLG !*.3#&,51& !*( $. 

!"?+<*&". -,%!, 46. ,%%1) 1''+&$&'9) %&*.'!%:"1) *!+.3#&,5.3" *1+&.+&#µ9"/ 

.µ.&($/$! #$/" !'.%.3?:! $.3) !%%, '."$&"0 4.µ&'0 .µ.&($/$! µ1 $/" !-1%!4&"0 BLG. 

@ -%3'.41%:"/ (glycodelin), µ:! -%3'.53%&7µ9"/ %&*.'!%:"/ *.3 #21$:51$!& *&. #$1", 

1A1%&'$&', µ1 $/ 0-%!'$.#B!&+:"/ '!& 1&4&'($1+! µ1$, !*( B3%.-1"1$&'0 µ1%9$/ 

*+.'6*$1& ($& 1:"!& *&. #$1", #3#21$&#µ9"/ µ1 $/ 0-%!'$.#B!&+:"/ !*( $. -,%! 

µ*!µ*.3:".3. C21& *+.$!?1: ($& / BLG *+.9'3D1 !*( 4&*%!#&!#µ( $.3 -."&4:.3 $/) 

-%3'.41%:"/). @ -%3'.41%:"/ 1:"!& µ:! *+7$1;"/ *.3 41#µ161& +1$&"(%/ '!& 1'B+,51$!& 

'!$, $. *+<$. $+:µ/". $/) !"?+<*&"/) '6/#/) #$. 1"4.µ0$+&. 1"< / %1&$.3+-:! $/) 

*!+!µ9"1& !#!B0). @ +1$&"(%/ 1:"!& #/µ!"$&'() 4&!µ.+B7$0) $/) 4&!B.+.*.:/#/). 

C$#& ?! µ*.+.6#1 "! 3*.$1?1: ($& / 0-%!'$.#B!&+:"/ 921& 1A1%&2?1: !*( µ:! *+7$1;"/ 

$.3 1"4.µ/$+:.3 !*!+!:$/$/ #$/ µ/$9+! #$/" !+20 $/) 1-'3µ.#6"/), !%%, 3*,+21& 

#$/" 9''+&#/ $.3 µ!#$.6 %(-7 $/) ?+1*$&'0) $/) !A:!). (Sawyer '!& Kontopidis 2000, 

Sawyer 2003, Kontopidis el al. 2004) E.µ&'9) '!& %1&$.3+-&'9) µ1%9$1) 41:2".3" ($& / 

tear lipocalin, / '6+&! *+7$1;"/ #$! 4,'+3!, 41#µ161& 9"! 13+6 B,#µ! 34+(B.F7" 

µ.+:7" (*7) / BLG (Glasgow et al., 1995). GµB!":51$!& #/µ!"$&'0 / *:1#/ 1*&%.-0) -&! 

$/ 4&!$0+/#/ (2& µ(". $/) Glu89 #1 (%1) $&) !'.%.3?:1) $7" BLGs *.3 F+9?/'!" µ92+& 

#0µ1+!, !%%, '!& / !*( $. pH 1A!+$<µ1"/ 4&!µ(+B7#/ 4&!'(*$/ -&! $/" EF #$+.B0 

(%7" $7" BLGs ('!& µ,%&#$! '!& $/) tear lipocalin). >3$0 / 4&!$0+/#/ 41" #3",41& µ1 

9"!" !*.'%1&#$&'( ?+1*$&'( +(%. $/) BLG, !" '!& / '!$!-7-0 $.3 -."&4:.3 $/) BLG 

!*( $/ -%3'.41%:"/ *!+!µ9"1& µ:! 1"4&!B9+.3#! *&?!"($/$!. (Edwards et al., 2009)   
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1.3.6  !"#µ$%#& %'(#)*+µ,)+-   

! BLG "#$% &'( %)*(+&'&* (* ,$-µ$.$% µ$/012 *3%4µ+ µ%)35( µ2367( *( )*% ' 

4"-' 829 ,$-µ$.$&*% &2 98+-&37µ* -9($#6:$% (* 8*30/$% ,%*µ0#$;. <803#29( -&2%#$6* 

/%* &3$%; ,9('&%)0 4"-$%; ,"-µ$9-'; &'; BLG. ! )*(2(%)= 4"-' -&2 $-7&$3%)+ &29 

)019)*, *82&$1$6 &'( ).3%* 4"-' ,"-µ$9-';. >&'( $./0-1 1.2 ?*6($&*% ' ,"-µ$9-' 

&'; 3$&%(+1'; -&2 $-7&$3%)+ &29 )019)* &'; BLG. ! 4"-' ,"-µ$9-'; µ"-* -&2 @*3"1% 

&'; BLG *8*3&6:$&*% *8+ 9,3+?2@* )*&012%8* 829 8*3"#29( "(* 9,3+?2@2 8$3%@0112( 

/%* &2 9,3+?2@2 &µ=µ* &29 µ23629 &'; 3$&%(+1';. A2 "(* 0)32 &29 @*3$1%2. $6(*% 

*(2%)&+ -&2 ,%*1.&', $(5 &2 0112 0)32 $6(*% )1$%-&+ $B*%&6*; &29 -&$(2. 

8*)$&*36-µ*&2; &7( 81$93%)5( 2µ0,7(. C(* µ+3%2 3$&%(+1';, 832-,"($&*% -&2 

$-7&$3%)+ &29 @*3$1%2.. A2 9,3+?%12 0)32 &'; 3$&%(+1'; (µ6* 2930 D!) @36-)$&*% -&2 

*(2%)&+ 0)32 &29 @*3$1%2.. A2 9,3+?2@2 &µ=µ* &29 µ23629 &'; 3$&%(+1'; 8*)$&03$&*% 

-&2( 893=(* &29 @*3$1%2. µ*:6 µ$ 9,3+?2@$; 81$93%)"; 2µ0,$; *8+ &29;  0-)15(29;. 

E)+µ' *(*?"32(&*% µ6* ,$.&$3' 4"-' 829 -9µµ$&"#29( &* )*&012%8* Trp19, Tyr20, 

Tyr42, Glu44, Gln59, Gln68, Leu156, Glu157, Glu158 )*% His161 )*% µ6* &36&' 4"-' µ$ 

&' -9µµ$&2#= &7( )*&*12687( Tyr102, Leu104 )*% Asp129 (Edwards et al., 2009).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

2./0-1 1.2 ! ,"-µ$9-' &'; 3$&%(+1'; -&2 $-7&$3%)+ &29 )019)* &'; BLG. ! 4"-' 
,"-µ$9-'; µ"-* -&2 @*3"1% *8*3&6:$&*% *8+ 9,3+?2@* )*&012%8*. C(* µ+3%2 3$&%(+1'; 
()6&3%(2), 832-,"($&*% -&2 $-7&$3%)+ &29 @*3$1%2., µ$&*B. &7( ,.2 0-8&9#7&5( 
$8%?*($%5(, "&-% 5-&$ µ+(2 &2 9,3+?%12 &µ=µ* &'; (* @36-)$&*% -&'( $8%?0($%* &29 
µ23629, (' -#'µ*&%)= *(*8*30-&*-' &'; ,2µ=; $6(*% 6,%* µ$ *9&= &'; $%)+(*; 1.1). 
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! BLG "#$% µ$ &'( RBP )*+,µ-%* .-µ/, ,)01 *(*2"+3'4$ )%- )5(0. 6 

7.+,2-8-1 #*+*4&/+*1 &-7 45974* .%*&'+$:&*% *( 4*% ' *(&%4*&5;&*;' ;7<4$4+%µ"(0( 

4*&*9-:)0( &'1 RBP *), µ%4+,&$+* 7.+,2-8* 45($% &-( 45974* &'1 BLG 8*3=&$+- 

(Eliopoulos, 1996). >$&*?= &0( *99'9-µ,+20( @ 4*% A &'1 BLG ' *99*</ Val/Ala ;&' 

3";' 118 .$( )+-4*9$: 4*µ:* *(%#($=;%µ' &+-)-)-:';' ;&'( ;&$+$-.%5&*?', *995 "#$% 

01 *)-&$9";µ*&* - 7.+,2-8-1 )7+/(*1 &-7 *99'9-µ,+2-7 A (* $:(*% 9%<,&$+- 

;7µ)*</1 4*% µ)-+$: (* $73=($&*% <%* &' #*µ'9,&$+' 3$+µ%4/ ;&*3$+,&'&* &-7 

*99'9-µ,+2-7 A. ! *)-;&*3$+-)-:';' *7&/ ;&-( *99'9,µ-+2- A ;$ ;#";' µ$ &-( @ 

"#$% $4&%µ'3$: )$+:)-7 ;&* 5 kJ/mol )-7 $:(*% µ:* &%µ/ )-7 "#$% 8+$3$: 4*% *99-= <%* &'( 

*)B9$%* &0( .=- -µ5.0( µ$379:-7 (Qin et al. 1999, Sawyer 2003). ! BLG @ 

#*+*4&'+:C$&*% *), µ$<*9=&$+' $7$9%?:* ;$ ;#";' µ$ &' BLG A (Dong et al., 1996). 

D2*+µ,C-(&*1 &'( &$#(%4/ &-7 4749%4-= .%#+0%;µ-= (circular dichroism, CD) -% 

Creamer et al. (2000) ".$%?*( ;*2B1 <%* &'( *<$9*.%(/ BLG ,&% ' .";µ$7;' +$&%(,9'1 

4*% 9%)*+B( -?"0( ().#. )*9µ%&%4, -?= 4*% cis-parinaric acid), $:(*% *(&*<0(%;&%4/. 6% 

Ragona et al. (2003) #+';%µ-)-%B(&*1 "(* ;7(.7*;µ, '9$4&+-;&*&%4B( 7)-9-<%;µB(, 

)+-;-µ-%B;$0( $99%µ$(%;µ-= 4*% NMR µ$&+/;$0( .$:#(-7( ,&% ' pH-$?*+&Bµ$(' 

*99*</ &'1 EF ;&+-2/1 )-7 )+-49/3'4$ *), &'( )+0&-(:0;' &'1 Glu89 $:(*% 4-%(/ <%* 

,9$1 &%1 BLGs 4*% ,&% ' 3";' .";µ$7;'1 (&-7 )*9µ%&%4-= -?"-1) 4*3-+:C$&*% *), &- 

5(-%<µ* *7&/1 &'1 ;&+-2/1. D(B ;$ )+-'<-=µ$(' $+<*;:* µ$ 13C-;'µ*;µ"(- )*9µ%&%4, 

-?=, $:#*( .$:?$% ,&% &- 7),;&+0µ* $):;'1, 72:;&*&*% .-µ%4"1 *99*<"1 µ$ &'( *=?';' 

&-7 pH (Ragona et al., 2000). E+,;2*&$1 µ$9"&$1 NMR )-7 *2-+-=( &' .";µ$7;' &-7 

)*9µ%&%4-= -?"-1, ;&- .%µ$+"1 &'1 *<$9*.%(/1 BLG µ$ &' "2%9%4/" <%* NMR Ala34Cys 

µ$&599*?', ".$%?*( ,&% )*+,9- )-7 µ:* ;&*3$+/ ;=(.$;' .%*µ-+2B($&*% *), &'( 

)+0&$F(' <%* &- 7),;&+0µ* ;&- 45&0 µ"+-1 &-7 45974*, ' *99'9$):.+*;' ;&- *(-%4&, 

54+- (Open End) &-7 45974* $:(*% )%- .7(*µ%4/ (Konuma et al., 2007). @7&"1 -% 

)*+*&'+/;$%1 ;7µ)9'+B(-7( $4$:($1 &0( Ragona et al. (2003) 4*3B1 4*% &0( 

4+7;&*99-<+*2%4B( µ$9$&B( µ$ *4&:($1-G <%* &' .";µ$7;' 9%)*+B( -?"0( (Qin et al. 

1998b, Wu et al. 1999), )-7 ".$%?*( &'( 4*+8-?79%4/ -µ5.* &'1 4$2*9/1H (* $:(*% 

;'µ*(&%45 9%<,&$+- 4*95 .%*&$&*<µ"(', *), ,,&% ' 7.+,2-8' -7+5. I* *)-&$9";µ*&* 

&'1 µ$9"&'1 µ$ &' µ$&599*?' Ala34Cys )+-&$:(-7( ,&% $:(*% ' )9*;&%4,&'&* &-7 D-

49B(-7 4*% -% EF 4*% GH ;&+-2"1 )-7 $)%&+")-7( ;&' BLG (* 2%9-?$($: "(* &,;- $7+= 
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!"#µ$ %&'#()*µ"(*+ (Konuma et al., 2007). ,- -.$/)-#0 (12 $33$452 #(0 61$µ7)!*#0 

(*+ &3-%)189+ $3%#/6*+ (*+ Phe105 8$1 Met107, µ-35(-2 $8(/+*+-: 8$1 NMR 

6-/;+'%+ 7(1 ' &%)<+$2 (02 6'µ<2 (02 31&'8$3/+02 &$)$µ5+-1 $+$33'/*('2 µ-(" (0 

65#µ-%#0 ('% %&'#()9µ$('2. =)%#($33'4)$!1852 µ-35(-2 8$($6-18+>'%+ #$!92 7(1 

(7#' ($ 31&$)" '.5$ 7#' 8$1 0 )-(1+730 (Sawyer et al. 1998, Qin et al. 1998b,  Wu et al. 

1999,  Kontopidis et al. 2002, Loch et al. 2010) 6-#µ->'+($1 #('+ 8"3%8$. ? 61$(<)0#0 

(02 6'µ<2 (02 BLG 8$1 16/*2 (02 %6)7!'@02 8'137(0($2, #- #%+A<8-2 #;-67+ µ06-+18<2 

1'+(18<2 1#;>'2 #(' 1#'03-8(187 #0µ-/' (02 &)*(-B+02 (pI 5,3) (Adams et al., 2006) 

6-/;+-1 7(1 #- pH 7 0 &)*('4-+<2 8$1 -+6-;'µ5+*2 0 µ7+0 A5#0 65#µ-%#02 -/+$1 µ5#$ 

#('+ 8"3%8$ (Edwards et al., 2009). 

 

 

 

1.4   !"#$%& "'& ()*+,-+& 

 

? &$)'>#$ -)4$#/$ &)'#&$A-/ +$ #%#;-(/#-1 (0 6'µ< 8$1 (0 3-1('%)4/$ (02 

&)*(-B+02 #- 5+$ #%+6%$#µ7 #(-)-'6'µ18<2 8$1 4-+-(18<2 $+"3%#02, µ- -&/8-+()' (0+ 

8'137(0($ &)7#6-#02 %6)7!'@*+ %&'#()*µ"(*+. 

C(0 4-+-(18< $+"3%#0 µ-3-('>+($1 '1 $µ1+'.1852 $8'3'%A/-2 (*+ BLGs $&7 61"!')$ 

-/60 &'% 5;'%+ &)'#61')1#(-/ 8$1 '1 '&'/-2 $&'83/+'%+ #0µ$+(18" (7#' $&7 (0+ 

$3303'%;/$ (o% $3303'µ7)!'% BLG B (02 $4-3"6$2 7#' 8$1 µ-($.> ('%2.  

C(0 #(-)-'6'µ18< $+"3%#0 µ-35(-2 &'% &)$4µ$('&'1<A08$+ in vitro µ- 61"!')-2 

(-;+1852 41$ (0 65#µ-%#0 %&'#()*µ"(*+ #(0+ $4-3$61+< &)*(-B+0 56-1.$+ 7(1 µ&')-/ +$ 

6-#µ->-1 µ/$ &'1813/$ %&'#()*µ"(*+, ($ &-)1##7(-)$ $&7 ($ '&'/$ -/+$1 µ18)" 

%6)7!'@$ µ7)1$ 7&*2 31&$)" '.5$ < )-(1+'-16<. D µ')1$872 µ0;$+1#µ72 (02 65#µ-%#02 

('% %&'#()9µ$('2 8$1 (02 $&-3-%A5)*#<2 ('% 6-+ 5;'%+ &3<)*2 $&'#$!0+1#(-/ 

(Ragona et al., 2000). C%E<(0#0 4/+-($1 8$1 41$ (0+ 18$+7(0($ 65#µ-%#02 (02 BLG 41$ 

61"!')-2 (1µ52 pH 8$A92 5;-1 &)'($A-/ 7(1 0 BLG 6-+ µ&')-/ +$ 6-#µ->-1 31&$)" '.5$ 

#- ;$µ037 pH (Frapin et al., 1993) &$)73' &'% 5;-1 $+$!-)A-/ 0 65#µ-%#0 #- pH 2, ('% 

5-doxylstearic acid ($+"3'4' 31&$)'> '.5'2) (Narayan 8$1 Berliner, 1997), -+9 5;-1 

-&1&35'+ 6-1;A-/ 7(1 (' &7#' 1#;%)< -/+$1 0 65#µ-%#0 (02 )-(1+7302, -.$)("($1 $&7 (' 

pH #- ->)'2 $&7 3 *2 8 (Dufour et al., 1994).  
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!"#$%&'(, )$'*+,--&.$,/0)12 µ3-1+32 '45-62 "&07+5+,2 *'µ"-7)8( +52                       

0--,)+&*/,0$9(52 (Qin et al. 1998b, Wu et al. 1999, Kontopidis et al. 2002, Yang et al. 

2008,  Loch et al. 2010).  

:3 ;<& ",-,07+3$32 µ3-1+32 ;1*µ3'*52 '"&*+$8µ#+8( µ3 +3%(0)6 /=&$0*µ&µ3+$9,2, 

&0 Frapin et al. (1993) ,(,/1$&'( *+5 BLGB +5 ;1*µ3'*5 +&' ,$,%0;&(0)&< &>1&2 µ3 

*+,=3$# *<(;3*52 ?, 3,03 106 (@-1), +&' ,$,%0;0)&< &>1&2 µ3 ?, 2,5 107 (@-1), +&' 

-0(3-,A)&< &>1&2 µ3 *+,=3$# *<(;3*52 ?, 5,26 106(@-1), +&' -0(&-3(0)&< &>1&2 µ3 +0µ6 

?, 5,88 106 (@-1), +&' µ'$0*+0)&< &>1&2 µ3 ?, 3,03 106(@-1), +&' µ'$0*+3-,A)&< &>1&2 

µ3 ?, 6,25 106   (@-1), +&' 3-,A)&< &>1&2 µ3  ?, 7,69 106 (@-1), +&' *+3,+0)&< &>1&2 µ3  

?, 8,3 106 (@-1), +&' -,&'$0)&< &>1&2 µ3  ?, 1,43 106(@-1)  ),0 &0 Wang et al. (1997) 

,(,/1$&'( *+5 BLGA +5 ;1*µ3'*5 +52 7-;3B;$&%&-5*+3$7-52 µ3 *+,=3$# *<(;3*52 ?, 

3,75 107 (@-1) ),0 +52 3$.&*+3$7-52 µ3 ?, 1,6 108(@-1).  

:+5( ",$&<*, µ3-1+5 & ,--5-7µ&$/&2 BLGA %$5*0µ&"&039+,0 .0, )$'*+#--8*5 ),0 

"$&*;0&$0*µ7 +52 +$0*;0#*+,+52 ;&µ62 *3 *'(=6)32 pH 7,3. C"9*52 .9(3+,0 µ9, 

"$&*"#=30, *'µ"-&)&"&95*52 *3 ;0#/&$32 *'(=6)32 +52 0--,)+&*/,0$9(52 µ3 +, 

-0",$# &>1, ),0 *+3$&30;6, "&' ,(,/1$&(+,0 *+5( "$&5.&<µ3(5 ",$#.$,/&, µ3 *)&"7 

+5( )$'*+#--8*5 +&' *'µ"-7)&' ),0 +5 ;&µ0)6 µ3-1+5 +52 )<$0,2 =1*52 ;1*µ3'*52 

µ1*8 )$'*+,--&.$,/9,2 ,)+9(8(-D. 
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2. !"#$% $%# &'()*)# 
 

• ('+,-.#$) &',)/ 

 

 

2.1 $0123455627 80639:;<;   

2.1.1 $0123=55>?@;927 

! "#$% &'()*+"",)% (crystallisation) -'.#'/0*12 1-3 *%4 0""%42&5 "#$% 

&'6)*1"".7 -.( )%µ18402 921(:57 -+:.7. ;1 )*+921 *%7 &'()*1"".:#40)%7 08412 &.24+ 

:21 3"1 *1 )()*5µ1*1 &12 08412 *'81: ! 9%µ2.(':81 -('54,4 &'()*+"",)%7, % 14+-*($% 

*,4 &'()*+"",4 &12 % -16)% *%7 14+-*($%7. <(*3 -.( &('8,7 &1=2)*+ 921>.'0*2&5 *%4 

14+-*($% &'()*+"",4 *,4 ?2.".:2&@4 µ1&'.µ.'8,4 08412 3*2 % &'()*+"",)5 *.(7, 

1-.*0"08 µ21 -."(-1'1µ0*'2&5 92192&1)81. ! 9%µ2.(':81 *,4 -('54,4 08412 % 

92192&1)81 &1*+ *%4 .-.81 *1 µ3'21 5 µ% &'()*1""2&+ )()),µ1*@µ1*1 (92µ0'5, 

*'2µ0'5 &.".-.), *1 .-.81 08412 0"06=0'1 )*. 92+"(µ1, )(49(+A.4*12 µ0*1$6 *.(7 &12 

)/%µ1*8A.(4 #41 0-141"1µ?143µ04. -"#:µ1. B)*3)., % 14+-*($% )()),µ1*,µ+*,4 90 

)%µ18402 1-1'18*%*1 &12 *. µ1&'.)&.-2&3 )/%µ1*2)µ3 &'()*+"",4. C21 41 :8402 1(*3 

*1 1'/2&+ )()),µ1*@µ1*1 -'#-02 41 (-0'?.64 #41 )(:&0&'2µ#4. µ#:0=.7, *. &'8)2µ. 

µ#:0=.7 *. .-.8. .'8A0*12 1-3 *. "3:. *%7 0-2>+40217 *.( )()),µ1*@µ1*.7 -'.7 *.4 

3:&. *.(. D3"27 *. &'8)2µ. µ#:0=.7 $0-0'1)*08 *1 )()),µ1*@µ1*1 :84.4*12 

(-0'&'8)2µ.2 -('5407 -.( µ-.'.64 41 µ0:1"@).(4 -0'12*#', &12 41 9@).(4 

&'()*+"".(7 &1*+""%".(7 :21 &'()*1"".:'1>2&5 µ0"#*%.  

! 14+-*($% *,4 &'()*+"",4 $0&24+ )0 )(:&04*'@)027 921"6µ1*.7 0-1'&087 :21 

41 "+?02 /@'1 % 9%µ2.(':81 -('54,4 &12 )(40/8A0*12 )0 )(:&04*'@)027 &1*@*0'07 *.( 

.'8.( 1(*.6. ! *1/6*%*1 14+-*($%7 &1=.'8A0*12 1-3 *. )(49(1)µ3 *%7 >6)%7 *%7 

&'()*1""2&57 0-2>+40217 -.( µ0:1"@402 &12 *%4 *1/6*%*1 92+/()%7. E'.)=5&% µ.'8,4 

)0 *'1/0807 0-2>+40207 1-12*08 "2:3*0'% 04#':021 1-’ 3,*2 0-2&+=2)5 *.(7 )0 "0807. 

F-+'/.(4 *'2@4 029@4 0-2>+40207 1-3 *27 .-.807 $0&24+ % 14+-*($% &'()*+"",4 .2 

0-8-0907 (flat faces), )*27 .-.807 % 14+-*($% *,4 &'()*+"",4 08412 -."6 1':5, .2 

&"2µ1&,*#7 (stepped faces), 3-.( .2 *1/6*%*07 14+-*($%7 08412 0492+µ0)07 &12 .2 1*0"087 

0-2>+40207 (kinked faces) 3-.( % *1/6*%*1 14+-*($%7 *.( &'()*+"".( 08412 µ0:1"6*0'%.  
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! "#$%&'() &*# %'+,#*# -("+&$&". /- µ-0$12 3"4µ5 "%5 6".#5µ-#" µ-&"62+$7 

8". -.9.8$ "%5 &) 9.$:'/). ;2 &-1.85 "%2&<1-/µ" -=#". -("+&>µ-#2 "%5 &)# &":?&)&" 

%+2/<00./)7 &*# µ2+=*# %+*&-@#)7 /&)# "#"%&'//5µ-#) -%.6$#-.". A:-. "%29-.:4-= 

%-.+"µ"&.8>7 µ- &) :+,/) '%-+.>92'7 µ.8+2/82%="7 5&. /&.7 %-+.2:<7 0?+* "%5 &2'7 

"#"%&'//5µ-#2'7 8+'/&$112'7, ) /'08<#&+*/) &)7 %+*&-@#)7 -=#". µ.8+5&-+) 

/'08+.&.8$ µ- &2 '%512.%2 9.$1'µ". ! &":?&)&" 9.$:'/)7 &)7 %+*&-@#)7 %+27 8". "%5 

"'&<7 &.7 %-+.2:<7 "%2&-1-= <#"# "85µ) %-+.2+./&.85 %"+$02#&" &)7 "#$%&'()7 

8+'/&$11*#. ! ?%"+() "'&># &*# %-+.2:># 0?+* "%5 &2# 8+?/&"112 %+28"1-= 3"4µ=9" 

(gradient) %'8#5&)&"7, ) 2%2=" µ- &) /-.+$ &)7 (8". '%5 &)# -%=9+"/) &)7 3"+?&)&"7) 

-#./:?-. &" +-?µ"&" µ-&"62+$7. 

! "#"82%, &)7 "#$%&'()7 &2' 8+'/&$112' /'µ3"=#-. 0." %2112?7 9."62+-&.82?7 

1502'7. B %.2 %+26"#,7 "%5 "'&2?7 -=#". ) µ-=*/) &)7 /'08<#&+*/)7 %+*&-@#)7 µ<:+. 

&2' /)µ-=2' "%28"&$/&"/)7 &)7 ./2++2%="7 µ-&"(? 8+'/&$112' 8". 9."1?µ"&27. C- 

"'&,# &)# %-+=%&*/) %+2/4,8) -%.%1<2# %2/5&)&"7 %+*&-@#)7 µ%2+-= #" 29)0,/-. /- 

/'#<:./) &)7 "#$%&'()7 &2' 8+'/&$112'. D/&5/2 µ-+.82= 8+?/&"112. 64$#2'# /- <#" 

2+./µ<#2 µ<0-427 %<+"# &2' 2%2=2' ) "#$%&'(, &2'7 9- µ%2+-= #" /'#-:./&-=, 

"#-("+&,&*7 &)7 /'08<#&+*/)7 %+*&-@#)7, *7 "%2&<1-/µ" -=&- "4+2./&.8># 

6".#2µ<#*# %"+"µ5+6*/)7 &2' %1<0µ"&27 (cumulative lattice strain effects), -=&- 

9)1)&)+="/)7 &)7 -%.6$#-."7 &2' 8+'/&$112' "%5 &)# -#/*µ$&*/) (<#*# , 

/&+-31*µ<#*# µ2+=*# %+28"1>#&"7 9."92:.8<7 "#*µ"1=-7 %2' 9."85%&2'# &2 

8+'/&"11.85 %1<0µ". E-+".&<+* "?()/) &2' µ-0<42'7 "%".&-= "6"=+-/) &)7 

9)1)&)+."/µ<#)7 -%.6$#-."7 µ- -1-0:5µ-#) 9."1'&2%2=)/) &2' 8+'/&$112'. (Ducruix et 

al. 1992, McPherson 1999). 

   

 

2.1.2 !"#$%& '()#*"++,#-&        

C&2 #./µ0 2.1  %"+2'/.$F-&". ) 8"µ%?1) 9."1'&5&)&"7 (solubility, S) &)7 

%+*&-@#)7 %2' 2+=F-. &.7 6$/-.7 '%282+-/µ2? (undersaturation) 8". '%-+82+-/µ2? 

(supersaturation) 8". 8"42+=F-. &)# 8"&$/&"/) -(./2++5%)/)7 µ-&"(? 82+-/µ<#)7 

%+*&-@#)7 8". 8+'/&"11*µ<#)7 %+*&-@#)7 /&2 9.$1'µ". G$&* "%5 &)# 8"µ%?1) 

82+-/µ2? ) %+*&-@#) 9-# %+58-.&". %2&< #" 8+'/&"11*4-= ('%282+-/µ57), -#> %$#* 
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!"# $%& '!µ"()% *+!),$#$%$!- % .,/'0&$12.% $%- "12$34&%- 35&!+ ,6%)#$31% !"# $%& 

.,/'0&$12.% 37+.811#"%.%- /+! *3*8µ0&% .,/'0&$12.% %)3'$18)($% (,"31'813.µ#-). 

9 :;.% ,"31'813.µ8( ,"8*+!+135$!+ .3 $13+- <=&3-. >% <=&% '!$!'1?µ&+.%- 

(precipitation), $% <=&% ",1?&2.%- (nucleation) '!+ $% µ3$!.$!@31? (metastable) <=&%. 

A$% <=&% '!$!'1?µ&+.%- % "12$34&% µ3$!$10"3$!+ .3 ;µ81:% µ;<!, % <=&% ",1?&2.%- 

35&!+ % "31+8B? #"8, *%µ+8,1/8(&$!+ ",1?&3- '1,.$;))2.%- '!+ % "315..3+! "12$34&%- 

"!51&3+ '1,.$!))+'? µ81:?. C8&$; .$% <=&% '!$!'1?µ&+.%- D15.'8&$!+ ")?@8- 

µ+'18'1,.$;))2& 8+ 8"858+ µ"818(& &! 3µ")!'8(& µ3 $8 ;µ81:8 5<%µ! "12$34&%-. 9 

3(13.% $%- <=&%- ",1?&2.%- !"8$3)35 "12$!1B+'# .'8"# $2& "3+1!µ;$2& 

'1,.$;))2.%-. E&! ,"31'813.µ0&8 *+;),µ! "12$34&%- µ"8135 &! µ% *%µ+8,1/35 

",1?&3- '1,.$;))2.%- /+! µ!'1( B18&+'# *+;.$%µ!, 3'$#- !& D8%@%@35 µ%B!&+';. 9 

µ3$!.$!@31? <=&% 35&!+ +*!&+'? /+! $%& !(7%.% '1,.$;))2& !"# ",1?&3- 

'1,.$;))2.%- "8, "18F";1B8,& B215- $% *%µ+8,1/5! &02&. (Ducruix et al., 1992) 

                 

 

 

 

!"#µ$ 2.1 G+;/1!µµ! $%- '!µ"()%- *+!),$#$%$!- $%-  "12$34&%-. 

 

H&31/3+!'; % '1,.$;))2.% "12$3I&=& 35&!+ µ5! *+!*+'!.5! '!$; $%& 8"85! 0&! 

µ3$!.$!@0- ,"31'813.µ0&8 *+;),µ! :@;&3+ µ5! @31µ8*,&!µ+'; .$!@31? '!$;.$!.%, 

.$%& 8"85! % "12$34&% D15.'3$!+ µ3$!7( $%- .$313;- :;.%- '!+ $8, *+!)(µ!$8-. >! 

3)3(@31! µ#1+! $%- "12$34&%- .$8 *+;),µ! .3 '!$;.$!.% ,"31'813.µ8( *3.µ3(8,& 

"31+..#$31% 3&01/3+!, !"# 3'35&! "8, D15.'8&$!+ .3 '1,.$!))+'? '!$;.$!.%. 9 

'1,.$;))2.% µ3+=&3+ $%& 3)3(@31% 3&01/3+! $2& µ8152& "12$34&%- '!$; 3-6kcal/mol 

.3 .B0.% µ3 !,$?& "8, 0B8,& .$8 *+;),µ!. >8 .%µ358 3''5&%.%- '!@=- '!+ 8 B1#&8- /+! 

$%& 3"5$3,7% $%- +.8118"5!- 35&!+ '15.+µ! /+! $8 $3)+'# !"8$0)3.µ! "8, µ"8135 &! 35&!+ 

? ;µ81:8 ? µ+'18'1,.$!))+'# 5<%µ! ? µ3/;)8+ µ8&8'1(.$!))8+. (McPherson, 1999) 
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2.1.3 !"#$%&'()* +&, )+-#)$.&,'  (-'  /#,0($1120- 
! "#µ$%&'()* +&',-.- /'&01233.0#4 /*$ # *-2+1&5# 1.- /'&01233.- 

65*'121*$ *+7 +%3384 +*'*µ81'%&4 7+.4 *-*98'%-1*$ 01% :$:3)% 1.- Ducruix /*$ 

Giege (1992). ;*12 1# "$*"$/*0)* *-2+1&5#4 1.- /'&01233.- +*)<%&- '73% %$ 

*/73%&=64 +*'2µ61'%$: 

1.  >-"%(6-6)4 9&0$/%?#µ$/84 +*'2µ61'%$ 

• @+6'/%'60µ74 (0&(/8-1'.0# +'.16A-#4 /*$ +*'*(7-1.- /*1*/',µ-$0#4) 

• B6'µ%/'*0)*, pH (µ61*:%384) 

• C'7-%4 ('&=µ%) 65$0%''7+#0#4 /*$ *D5#0#4) 

• E%-1$/, $0?D4 /*$ /*=*'71#1* 1.- ?#µ$/F- (9D0# 1.- +*'*(7-1.- 

/*1*/',µ-$0#4, '&=µ$01$/2 "$*3Dµ*1*, 6+$+'70=6164 ?#µ$/84 %&0)64) 

• G$2?&0# /*$ µ61*9%'2 (+#/1Fµ*1*, µ$/'%:*'D1#1*) 

• H(/%4 /*$ (6.µ61')* 1%& "6)(µ*1%4 /*$ 1.- +6$'*µ*1$/F- 0&0/6&F- (6+$92-6$* 

1.- 0&0/6&F- /'&01233.0#4) 

• I16'62 0.µ*1)"$*, *33#36+$"'206$4 µ6 1* 1%$?Fµ*1* /*$ µ6 1$4 "$2µ6064 

6+$92-6$64 (%µ%$%(6-,4, 616'%(6-,4 +&',-.0#) 

• J*$-7µ6-* 65*'1#µ8-* *+7 1#- +&/-71#1* , 1% $5F"64 ("$*9%'84 µ61*5D 

/'&01233%& /*$ µ#1'$/%D &('%D) 

• K)60#, #36/1'$/2 /*$ µ*(-#1$/2 +6")* 

• G%-,06$4 /*$ ,?%4 (*/%&01$/2 /Dµ*1*) 

• I6$'2 1.- (6(%-71.-, 6+*-*3#L$µ71#1* (6'6&-#1,4 , '%µ+71) 

2.  M$%?#µ$/84 /*$ :$%9&0$/84 +*'2µ61'%$ 

• >&*$0=#0)* 1#4 "%µ,4 1#4 +'.16A-#4 06 9&0$/84 +*'*µ81'%&4 (=6'µ%/'*0)*, 

pH, $%-1$/, $0?D4, "$*3D164) 

• G80µ6&0# 233.- &+%/*1*01*1F- (&+%01'Fµ*1*, 0&µ+*'2(%-164, µ61*33$/2 

$7-1*, 233* $7-1*) 

• >$"$/84 +'70=6164 %&0)64 (*-1*(.-$01$/84 %&0)64, µ# $%-1$/2 *+%''&+*-1$/2, 

+%3&*µ)-64) 

• E"$71#164 1.- +'.16N-F- (%56)".0#, &"'%9%:$/71#1*, &"'%9$3$/71#1* ) 

• O,'*-0# 1%& "6)(µ*1%4 (%56$"%*-*(.($/84 µ61*:%384, *+%"$21*5#, 

*+%$/%"7µ#0#) 
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3.  !"#$#%"&'( )*+,µ-.+#"  

• /#$0 µ"&+'( )#12.3.-( .45 )-+"11#.'+45 )+4.-6575 1.3 8013 

• !"#$#%"&'( )3%'( &*" 891"#$#%"&: &*.,1.*13 .45 #+%*5"1µ75 : .45 &9..,+45 

)#9 )-+"';#95 ."( )+4.-<5-( (=-+µ28"$#", >9;+28"$#", *$$28"$#", µ-128"$#" 

#+%*5"1µ#?, 1.*."&: : *5*).9112µ-53 8,13 &9..,+45) 

• !*&.3+"*&'( µ#$051-"( 

4.  @*=*+2.3.* .45 µ*&+#µ#+?45 

• A*&+#µ#+"*&'( -)"µ#$051-"( (µ- ,$$* µ*&+#µ2+"* : ,$$* µ"&+, µ2+"*) 

• (A"&+#)-.-+#%'5-"* .3( *&#$#9=?*( (&#>?µ*.* *)2 )+4.-,1-( : 5#9&$-,1-()         

-.* &$,1µ*.* µ*&+#µ#+?45 µ)#+-? 5* &+91.*$$75#95 -9&#$2.-+*- µ-+"&'( : 

-.-+#%-5-?( µ-.*8+*1."&'( .+#)#)#":1-"( 

• B#µ"&: (µ"&+#)-.-+#%'5-"* (C*=µ2( &*" .+2)#( )#$9µ-+"1µ#0 19114µ*.7µ*.*, 

*)#D",.*E3) 

 

2.1.3.1  !"#$%&'µ() *+,'-.//0'1) 

F"* .35 &+91.*$$#%+*8"&: µ-$'.3 µ?*( )+4.-<53( *)*".#05.*" µ-%,$#" &*" 

&*$#1;3µ*."1µ'5#" &+01.*$$#", %"’ *9.2 *+;"&, )+')-" 5* D3µ"#9+%3=#05 )9+:5-( 

&+91.,$$413( &*" 5* *8-=#05 %"* 5* µ-%*$71#95 1.3 µ-.*1.*=-+: G753. H# D",$9µ* 

.3( )+4.-<53( )+')-" 5* )-+,1-" *)2 .3 D"*$9.: 8,13 1.3 G753 )9+:5413( &*" 5* 

)*+*µ-?5-" -&-? %"* 105.#µ# ;+#5"&2 D",1.3µ* '.1" 71.- 5* µ3 D3µ"#9+%3=#05 )#$$#? 

)9+:5-( &+91.,$$413( )#9 #D3%#05 1- )#$$#0( &*" µ"&+2.-+#9 .-$"&#0 2%&#9 

&+91.,$$#9(. (I *0E313 .#9 2%&#9 .45 &+91.,$$45 1- D",$9µ* µ- )#$$#0( )9+:5-( 

&+91.,$$413( #D3%-? 1- -)"&*$0>-"( &+91.*$$"&75 )$-%µ,.45, ,+* 1- 

&*&#1;3µ*."1µ'5#9( &+91.,$$#9(). J.3 195';-"*, 2.*5 .# )+4.-65"&2 D",$9µ* 

µ-.*)'1-" 1.3 µ-.*1.*=-+: G753, #" )9+:5-( =* 195-;?1#95 5* µ-%*$75#95 &*" =* 

D71#95 &*$#1;3µ*."1µ'5#9( &+91.,$$#9(. K1# #" &+01.*$$#" µ-%*$75#95 .21# 3 

19%&'5.+413 .3( D"*$9µ'53( )+4.-<53( µ-"75-.*", µ- *)#.'$-1µ* 3 µ-.*1.*=-+: G753 

5* µ-.*.#)?G-.*". L.1" &9+"2.-+# µ'$3µ* 1.* )-"+,µ*.* &+91.,$$413( -?5*" 3 

D3µ"#9+%?* 195=3&75 195-;#0( )*+*&#$#0=313( .3( µ-.*1.*=-+:( G753(.  

M)2 .* )*+*),54 1.#";-?* )+#&0).-" 2." # .+2)#( -$,..413( .3( D"*$9.2.3.*( 

.3( )+4.-<53( 1.# D",$9µ* )+')-" 5* -?5*" -$-%;2µ-5#( &*" )+#( *9.:5 .35 &*.-0=9513 
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!"#$%&%'#()*#&'%+ #+ ,+-.#"/0 µ12#,#+ 3"4$'-((5$60. 7%8/)% /(-''5$6 '60 

,+%(4'9'6'%0 #,6:/) $/ -µ#".% +*;µ%'%, :+’ %4'9 6 !"#$1::+$6 '#4 $6µ/)#4 

4!/"3#"/$µ#< :)&/'%+ %":-, %((-*#&'%0 =%2µ+%)% !%"-:#&'/0 9!50 6 $4:31&'"5$6, 6 

+#&'+3; +$8<0, '# pH, ; 6 ,+6(/3'"+3; $'%2/"- '#4 !"5'/>&+3#< ,+%(<µ%'#0. (Arakawa et 

al., 1985) 

 ?%"- '6 2/5"6'+3; :&@$6 '5& ,+%,+3%$+@& 3"4$'-((5$60, /!/+,; %4'; 

/!6"/-*/'%+ %!9 µ)% !(62@"% !%"%µ1'"5&, 6 2/5"6'+3; !"9=(/A6 $4&263@& !#4 

#,6:#<& $/ /!+'4810 !/)"%µ% !%"%µ1&/+ %,<&%'6 3%+ :+’ %4'9 6 3"4$'-((5$6 2/5"/)'%+ 

34")50 µ)% /µ!/+"+3; ,+%,+3%$)% 3%+ %&%.1"/'%+ 8%"%3'6"+$'+3- 50 «'18&6». B'$+ 

3%2)$'%'%+ $6µ%&'+390 # 9$# '# ,4&%'9& 3%(<'/"#0 1(/:8#0 '5& $4&263@& '60 

3"4$'-((5$60 !#4 $4µ=-((#4& $'6& /!+'48)% '#4 !/+"-µ%'#0. C =/('+$'#!#)6$6 %4'@& 

'5& $4&263@& !"#1"8/'%+ $4&;250 %!9 '% %!#'/(1$µ%'% !"#6:#<µ/&5& ,#3+µ@& 

(McPherson 1995, McPherson 1999). D'+0 !%"%:"-.#40 !#4 %3#(#42#<& %&%(<#&'%+ #+ 

$6µ%&'+39'/"/0 .4$+310 3%+ =+#(#:+310 !%"-µ/'"#+ :+% 1&%& #"2#(#:+39 $8/,+%$µ9 '5& 

$4&263@& %&-!'4E60 3"4$'-((5&. 

•   ?"5'/F&6:  

?#((10 !"5'/F&/0 18#4& 3"4$'%((52/) %!9 ,+%(<µ%'% !#4 !/"+18#4& 1&% 150 

/3%'#&'-,/0 mg/mL !"5'/F&60. G$'9$# :+% !/+"%µ%'+310 ,#3+µ10 /!+24µ6'; 

$4:31&'"5$6 /)&%+ 10-20 mg/mL, /-& %4'9 /)&%+ ,4&%'9&. C !"5'/F&6 !"1!/+ &% /)&%+ 

,+%(4µ1&6 $/ 3%'-((6(# ,+%(<'6, !#4 &% /!+'"1!/+ '6& 3%'%3";µ&+$; '60 $/ 

3"4$'%((+3; µ#".;. H ,+%(<'60 $4&;250 /)&%+ 4,%'+39 "42µ+$'+39 ,+-(4µ%, /&@ 

µ/"+310 .#"10 $4&62)*/'%+ 3%+ 6 8";$6 #":%&+3@& ,+%(4'@& $/ µ+3"10 $4:3/&'"@$/+0. C 

!"5'/F&6 !"1!/+ &% /)&%+ %!%((%:µ1&6 !"#$µ/)E/5&. D<µ.5&% µ/ 1&%& /µ!/+"+39 

3%&9&% :+% &% 3"4$'%((52/) µ)% !"5'/F&6 2% !"1!/+ &% /)&%+ 3%2%"; !-&5 %!9 97%.  C 

3%2%"9'6'% '#4 4!9 3"4$'-((5$6 ,/):µ%'#0 /)&%+ 6 $6µ%&'+39'/"6 !%"-µ/'"#0. 

?%"#4$)% E1&5& µ#")5& $/ $4:31&'"5$6 1ppm $/ 1&% '4!+39 !"#0 3"4$'-((5$6 

,+-(4µ% !"5'/F&60 $4:31&'"5$60 10-20 mg/mL, $6µ%)&/+ '6& <!%"E6 ~109 µ#")5& 

/!+µ#(4&'@&. I& 3%+ /3 .<$/50 6 ,+%,+3%$)% '60 3"4$'-((5$60 %!#3(/)/+ '+0 

/'/"#:1&/+/0, 6 !%"#4$)% '#40 $/ 4A6(10 $4:3/&'"@$/+0 3%+ +,+%)'/"% $'#40 µ+3"#<0 

9:3#40 ,+%(<µ%'#0, #,6:/) µ/ =/=%+9'6'% $'6& /!+µ9(4&$6 '#4 3"4$'%((+3#< 

!(1:µ%'#0, µ/ %!#'1(/$µ% '6 ,6µ+#4":)% 3%3;0 !#+9'6'%0 3"4$'-((5&. J+% '# (9:# 
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!"#$ %!#& #'( %!)!*+,µ$ #-. /*0#12(-., ,"(+,#&#!+ - 3*4,- #-. #13(+%4. "5*4. 

3*0µ!#'5*!67!. "8-94. !/$:',-. (HPLC), µ1 #-( '/'7! 1;!,6!97<1#!+ %!+ - 

'µ'+'5=(1+! #'" #19+%'> :+!9>µ!#'.. ? "8-94 %!)!*$#-#! #'" :175µ!#'. ,"µ@&991+ %!+ 

,#- @19#70,- #-. 1/!(!9-8+µ$#-#!. #-. %*",#&990,-. %!)A. %!+ ,#' $*+' µ=5+,#-. 

:+!%*+#+%4. +%!($#-#!. ,%=:!,-. #0( %*",#&990(. ? /'+$#-#! #'" :+!9>µ!#'. #-. /*'. 

%*",#&990,- /*0#12(-. µ/'*17 (! 19153)17 µ1 #- µ=)':' #-. :"(!µ+%4. ,%=:!,-. #'" 

60#$. (Dynamic Light Scattering), µ1 :+&6'*1. #13(+%=. -91%#*'6$*-,-. 

(!/':+!#!%#+%4. µ1 :0:1%"9','"96'(+%$ (&#*+' (SDS), !/94. (native), +,'-91%#*+%'> 

,-µ17'"), µ1 6!,µ!#',%'/7! µ&<!., µ1 %"%9+%$ :+3*0+,µ$ (Circular Dichroism) %.&.   

(Ducruix et al. 1992, McPherson 1999). 

• B'(#+%4 +,3>.:  

 ? /*',)4%- !('*5&(0( !9&#0( 17(!+ - /+' ,"(-)+,µ=(- /*!%#+%4 5+! #-( 

!/$%#-,- %*",#&990(. ? 1/7:*!,- /'" !,%'>( #! +$(#! ,#+. /*0#12(1., µ/'*17 (! 57(1+ 

%!#!('-#4 !( '+ #191"#!71. )10*-)'>( +'(#+%=. 1(A,1+.. C>µ60(! µ1 #- )10*7! Debye-

Hückel 5+! #! +'(#+%& :+!9>µ!#!, !>;-,- #-. +'(#+%4. +,3>'. µ1+A(1+ #-( 1(1*5$#-#! 

#0( +$(#0( ,#' :+&9"µ! %!+ !";&(1+ #- :+!9"#$#-#! #0( +'(#+%A( 1(A,10(. D/'",7! 

!9&#0( ,1 /*0#1E(+%& :+!9>µ!#!, #! µ$*+! /*0#12(-. =3'"( µ+%*$#1*- :+!9"#$#-#! %!+ 

1/1+:4 #! !(#7)1#! 6'*#+,µ=(! µ=*- #0( µ'*70( =9%'(#!+ µ1 :"(&µ1+. Coulomb 

':-5'>(#!+ ,"3(& ,1 %!#!@>)+,4 #'".. F' 6!+($µ1(' !"#$ %!917#!+ 16!9&#0,- (salting 

in effect). F' !(#7)1#' 6!+($µ1(' %!917#!+ 1;!9&#0,- (salting out effect) %!+ µ/'*17 (! 

)10*-)17 0. #' !/'#=91,µ! #'" !(#!50(+,µ'> µ1#!;> #0( +$(#0( #'" :+!9>µ!#'. %!+ 

#0( 6'*#+,µ=(0( 'µ&:0( ,#-( 1/+6&(1+! #0( /*0#1E(+%A( µ'*70(, 5+! #! µ$*+! #'" 

(1*'>. G1 #-( /*',)4%- !('*5&(0( +$(#0(, '+ 6'*#+,µ=(1. 1/+6!(1+!%=. 'µ&:1. 

/*',#!#1>'(#!+ %!+ - :+!9"#$#-#! #0( /*0#1E(A( !";&(1+. C#-( /1*7/#0,- $µ0. /'" - 

+'(#+%4 +,3>. !";-)17 ,1 µ15&9' @!)µ$, #! /*0#1E(+%& µ$*+! !(#!50(7<'(#!+ #! +$(#! 

5+! µ$*+! :+!9>#-, /.3. µ$*+! >:!#'. /*'%1+µ=('" (! :+!#-*4,'"( #+. ,6!7*1. 

1(":&#0,4. #'". %!+ %!#& ,"(=/1+! #- :+!9"#$#-#& #'".. H !(#!50(+,µ$. !"#$. ':-517 

,"3(& #! µ$*+! #0( /*0#1E(A( ,1 !"#''*5&(0,- =#,+ A,#1 (! %!9>8'"( #+. 

-91%#*',#!#+%=. #'". !(&5%1., :7('(#!. /'99=. 6'*=. /*0#1E(+%'>. %*",#&99'".. 

I3'"( !(!61*)17 /1*+/#A,1+. $/'" %!#!9"#+%$ *$9' ,#-( %*",#&990,- 1731 - 

/!*'",7! ,1 3!µ-9=. ,"5%1(#*A,1+. 3!'#*'/+%A( !9&#0(. C#-( %*",#&990,- 
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!"#$%&'(' $) !*) %+",#- ."/0*µ)!)*)1µ%') *)'$*23 456- %7'6* $) 8%**23 6µµ('*), 

62)5)+8)1µ%') 6!3 $) 9#09)"*23 245*). :556 .";0*µ6 0$/' 2"+0$455#0/ !"#$%&'(' 

456$6, %7'6* $) 8%**23 578*), $6 .5#"7<*6 5*87)+ 26* '6$"7)+, $6 2*$"*24 456$6 '6$"7)+ 

26* 6µµ#'7)+ 2.4. (Ducruix et al. 1992, McPherson 1999) 

• pH:  

=) 2686"3 9)"$7) $/- !"#$%>'/- µ!)"%7 '6 µ%$6?5/8%7 µ% $/ µ%$6?)5; $#' 

!"#$)'7#', 6554@)'$6- $) pH ; µ% $/ <,0µ%+0/ *3'$#' 0% !)5*2,- )µ4<%- $/- 

!"#$%>'/-. A0) µ%B651$%") 2686"3 9)"$7) ,.%* / !"#$%>'/ $30) !*) %+<*45+$/ %7'6*, 

%'( 3$6' ,.%* 2686"3 9)"$7) µ/<,' ?"702%$6* 0$) 0/µ%7) %54.*0$/- <*65+$3$/$6-. C+$3 

0+µ?67'%* 3$6' / !"#$%>'/ ?"702%$6* 0$) *0)/5%2$"*23 $/- 0/µ%7) (pI). D% µ%"*2,- 

!%"*!$(0%*- $) *0)/5%2$"*23 0/µ%7) %7'6* / $*µ; $)+ pH 0$) )!)7) 6'6!$100)'$6* 

2"10$655)* 26* 26$4 0+',!%*6 / !"3$%"/ B'(0/ $)+ %7'6* %!*?%?5/µ,'/, (0$% '6 

."/0*µ)!)*/8%7 0% 24!)*%- 6!3 $*- 6".*2,- 0+'8;2%-.  

E%$4 $/' !)*3$/$6 $)+ !")- 2"+0$455#0/ <%7Bµ6$)-, $) pH %7'6* ) %!3µ%')- 

0/µ6'$*23$%")- !6"4B)'$6- B*6 $/' 2"+0$455#0/ 26* 6!6*$%7 $/ .";0/ 26$455/5#' 

"+8µ*0$*2(' <*65+µ4$#'. (Ducruix et al., 1992). F !5%*)'3$/$6 $#' !"#$%&'(' 

2"+0$655(')+' 0% $*µ,- pH !5/07)' $)+ 9+0*)5)B*2)1 (~7,5) .#"7- #0$30) '6 5%7!)+' 

)* %G6*",0%*- 3!)+ / 2"+0$455#0/ %!;58% 0% 62"67%- $*µ,-. F µ)"9)5)B76 $#' 

2"+0$455#' 0+µ!%"*56µ?6')µ,'#' !)55(' $1!#' !)556!5(' 2"+0$455#', 0.%$7@%$6* 

µ% $) pH B*’ 6+$3 26* 6'69,")'$6* !%"*!$(0%*- 3!)+ / <*%"%1'/0/ $)+ ?,5$*0$)+ pH 

,B*'% µ% µ%$6?)5,- 26$4 0,05 µ)'4<%-. (McPherson, 1995). 

• H%"µ)2"6076: 

  I* .6µ/5,- 8%"µ)2"607%- $%7')+' '6 %56.*0$)!)*;0)+' $6 !")?5;µ6$6 

<*40!60/- $#' !"#$%&'(' 268(- 26* $/' 6'4!$+G/ ?62$/"7#'. F <*65+$3$/$6 $/- 

!"#$%>'/- ,.%* 4µ%0/ %G4"$/0/ 6!3 $/ 8%"µ)2"6076, 6554 !)*2755%* 0/µ6'$*24 6!3 

!"#$%>'/ 0% !"#$%>'/ 0% 0+'<+60µ3 µ% $/' *)'$*2; *0.1, $/' !6")+076 )"B6'*2(' 

<*65+$(' 26* $*- %*<*23$%"%- !%*"6µ6$*2,- 0+'8;2%-. J+8µ7@)'$6- $*- 0+B2%'$"(0%*- 

26$62"/µ'*0$(' 26* !"#$%>'/-, $)+54.*0$)' 0% 8%#"/$*23 %!7!%<), / 8%"µ)2"6076  

2"+0$455#0/- µ!)"%7 '6 %7'6* %7$% / 0$68%"; 8%"µ)2"6076 <#µ6$7)+ (17-24oC) %7$% )* 

4 oC, !6"35) !)+ / 2*'/$*2; $/- 2"+0$455#0/- 6'6µ,'%$6* '6 6554@%* 0% µ%B45) 

?68µ3. (Ducruix et al., 1992). 
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• !"#$µ%&': 

( )&'*+ $,+#"- µ"&./0"- 12&"$3 4&/µµ.056 7"#$µ%&56 *8+6 0&$*82##9*+ 

896 7&98%:656 %.*');%. /7< 8"6 Polson 0/. 8"$3 *$6%&428%3 8"$ 8" 1964, ". "7"=". 

>"0=µ/*/6 µ./ *%.&2 7"#$µ%&56, µ%8/?- /$856 7"#$/.;$#%6"4#$0<#%3 (PEG), 

>%?8&26+, 7"#$1$6.#"/#0"<#+ 0/. 7$&"#.><6+. @. PEG 7&"8%=6"68/. 8<*" 4./ 8+ 

>$6/8<8+8/ 0/8/0&'µ6.*+3 8+3 7&98%A6+3 <*" 0/. 4./ 8" )/µ+#< 8"$3 0<*8"3. B793 0/. 

8/ 2#/8/ ". PEG /68/496=C"68/. µ% 8/ µ<&./ 896 7&98%:656 4./ 8/ µ<&./ >./#-8+, 

">+4568/3 *8+6 0/8/1-;.*+ 896 7&98%:656. D*8<*", + 7/&"$*=/ 8"$3 *% /68=;%*+ µ% 

8+6 7/&"$*=/ 896 /#2896, µ%.56%. 8+ >.+#%08&.0' *8/;%&2 8"$ >./#-µ/8"3 >=6"68/3 8+ 

>$6/8<8+8/ *8/ 7&98%:6.02 µ<&./ 6/ /##+#%7.>&"-6 /7< µ%4/#-8%&%3 /7"*82*%.3. E6/ 

/0<µ+ 7#%"6F08+µ/ 896 PEG *% *)F*+ µ% 8/ 2#/8/ %=6/. <8. + 7/&"$*=/ 8"$3 >%6 

/##2C%. 8+6 +#%08&"6.0' 7$06<8+8/ 8"$ $>/8.0"- >./#-µ/8"3 0/. 2&/ >%6 $7"1/;µ=C%. 

8+6 7".<8+8/ 896 0&$*8/##"4&/G.056 >%>"µF696, 0/;53 " #<4"3 *'µ/8"3-;"&-1"$ 

7/&/µF6%. /µ%821#+8"3. 

• @&4/6.0"=–µ+ 7"#.0"= >./#-8%3:  

H%*µ%-"68/. *% 7"#.0F3 "µ2>%3 8+3 %7.G26%./3 8+3 7&98%A6+3, F8*. 5*8% 6/ 

4=6%8/. #.4<8%&" 7"#.0' ' /##+#%7.>&"-6 0/. >%*µ%-"$6 µ<&./ ->/8"3 µ% /7"8F#%*µ/ 6/ 

8/ %µ7">=C"$6 6/ /##+#%7.>&2*"$6 µ% 8.3 7&98%A6%3. I7=*+3 µ%.56"$6 8+ >.+#%08&.0' 

*8/;%&2 8"$ µF*"$, %6.*)-"68/3 8.3 /##+#%7.>&2*%.3 Coulomb µ%8/?- 896 7&98%:6.056 

µ"&=96 (McPherson, 1999). ( )&'*+ 8"$3 9*8<*" 7&F7%. 6/ %=6/. 7&"*%08.0' 0/. 

7268"8% *% )/µ+#F3 *$40%68&5*%.3, 0/;53 $72&)%. 0=6>$6"3 /7"*8/;%&"7"=+*+3 896 

7&98%:6.056 µ"&=96 (Arakawa et al., 1985). @ *$)6<8%&/ )&+*.µ"7"."-µ%6"3 "&4/6.0<3 

>./#-8+3 %=6/. + 2-µ%;$#"-2,4-7%68/6">.<#+ (MPD) µ=/ µ.0&' >./#0"<#+, 8+3 "7"=/3 ". 

.>.<8+8%3 1&=*0"68/. µ%8/?- /$856 896 "&4/6.056 >./#$856 0/. 896 PEG µ.0&"- 

µ"&./0"- 12&"$3. ( >&2*+ 8+3 "G%=#%8/. *% *$6>$/*µ< G/.6"µF696, <793 " 

/68/496.*µ<3 4./ 8/ µ<&./ 8"$ >./#-8+, + %#2889*+ 8+3 >.+#%08&.0'3 *8/;%&23 0/. 

G/.6<µ%6/ <µ"./ µ% /$82 8+3 >&2*+3 /7"&&$7/68.056. J&+*.µ"7".%=8/. *% $,+#F3 

*$40%68&5*%.3 0/. <793 0/. ". PEG >% µ%8/12##%. 8+6 +#%08&"6.0' 7$06<8+8/ 8"$ 

0&$*82##"$. K##". )&'*.µ". "&4/6.0"= >./#-8%3 *8+6 0&$*82##9*+ 7&98%:656 %=6/. + 

/.;/6<#+, + /.;$#%6"4#$0<#+, + 1,3-7&"7/6">.<#+ 0/. + .*"7&"7/6<#+ (McPherson, 

1999). 
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• !"#$#$#%&'& $"()*+,-,: 

. /&µ012/30#/&µ012 )"#$#$#%&'& *%,40 5,46 417µ& $4"89#,)46 $#: µ$#"*% ,4 

/"&'0µ#$#0&;*% 904 ,4 µ*)438<<*0 )06 ':,;21*6 1":')8<<('&6. =4;-6 & 14)4,#µ2 

>#")%#: ')06 *$0>8,*0*6 )(, $"()*+,01-, µ#"%(, 4$#)*<*% 1"%'0µ# ')#0/*%# 904 )&, 

1":')8<<('2 )#:6, & )"#$#$#%&'2 )#:6 *%)* /&µ018 µ* $"#';21& :$#14)4')4)-,, *%)* 

30#/&µ018 µ* ?&µ0#:"9%4 µ*)4<<49µ5,(, µ#">-, *%,40 ?:,4)7, ,4 4$#?-'*0 

1":')8<<#:6 2 ,4 ':,*0'>5"*0 ')&, 1":')8<<('2 )#:6 '* *,?*/#µ5,(6 ?04>#"*)012 

1":')4<<#9"4>012 ':µµ*)"%4 ($./. #µ8?4 /-"#:), ?%,#,)46 ?*?#µ5,4 '* :@&<7)*"& 

?041"0)012 014,7)&)4. (McPherson, 1999). 

• A$#"":$4,)018: 

. /"2'& 4$#"":$4,)01-, (6 $"7';*)(, ')& ?04?014'%4 1":')8<<('&6 

*>4"µ7')&1* 4"/018 ')06 4$7$*0"*6 1":')8<<('&6 µ*µ3"4,01-, $"()*+,-, (Gros et 

al., 1988).  . :?"7>#3& #:"8 )(, 4$#"":$4,)01-, 4<<&<*$0?"8 µ* )# :?"7>#3# µ5"#6 

)&6 $"()*B,&6 140 ')& ':,5/*04 ?04<:)#$#0*% 7<# )# µ7"0# µ5'( )&6 *1)*;*0µ5,&6 

:?"7>0<&6 1*>4<26 )#:. C* /4µ&<56 ':91*,)"-'*06 /"&'0µ#$#0#D,)40 ')&, 

1":')8<<('& $#<<-, µ& µ*µ3"4,01-, $"()*+,-, *$0?"-,)46 ')& ?04<:)7)&)4 )&6 

$"()*B,&6 2 )µ2µ4)#6 4:)26 µ* 4$#)5<*'µ4 )&, 4,8$):E& ?04>#"*)01-, 140 ':/,8 

14<D)*"(, 1":')8<<(,. . /"2'& )#:6 ':,0')8)40 ')06 $*"0$)-'*06 7$#: 

4,4$)D''#,)40 µ& µ*"#*?"01-6 ?%?:µ#0 1"D')4<<#0 (Bergfors, 2009). 

  

2.1.4  !"#$%$& '()*+,--.*/0 
 
F0 µ5;#?#0 µ* )06 #$#%*6 *$0):9/8,*)40 1":')8<<('& $"()*+,01-, µ#"%(, *%,40 & 

?08/:'& 4)µ-, (vapor diffusion), & ?08/:'& µ5'( *$0>4,*%46 (free interface diffusion), & 

?04$%?:'& (dialysis) 140 & )*/,012 #<0126 4,8µ0E&6 (batch) 140 7<*6 4$#'1#$#D, ')#, 

:$*"1#"*'µ7 )#: ?04<Dµ4)#6 )#: µ41"#µ#"%#:. (Ducruix et al., 1992). 

 

2.1.4.1 1&,2)*/ 3+µ45  

C)&, )*/,012 )&6 ?08/:'&6 4)µ-,, )# $"()*+,017 ?08<:µ4 >5"*)40 '* :$5"1#"& 

14)8')4'& <79( 4$#µ81":,'&6 ?04<D)& µ5'( ?08/:'&6 4)µ-,. =4)8 )& ?04?014'%4 $#: 

41#<#:;*%)40 ':,2;(6 µ04 ')497,4 ?04<Dµ4)#6 $"()*B,&6 4,4µ*09,D*)40 '* 4,4<#9%4 

791#: 1:1 µ* µ04 ')497,4 ?04<Dµ4)#6 14)41"2µ,0'&6. G*)8 )&, 4,8µ*0E& ')& ')497,4 
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!"# $%µ&"#'()*+,& % !'-+)./% 0,& " 0,+,0'%µ/&1+23 45"#/ ,',&-6)* 1+" 2µ&1# +%3 

,'5&023 +"#3 1#(04/+'-1%3. 7 1+,(8/, ,#+2 +"!"6)+)*+,& !9/- ,!8 +% $):,µ)/2 !"# 

!)'&45)& +" $&9;#µ, +"# 0,+,0'%µ/&1+2, 0;)*/)+,& ,)'"1+)(<3 0,& ,=2/)+,& !'"3 

):&1"''8!%1%. 7 $&,="'9 +%3 1#(04/+'-1%3 +"# 0,+,0'%µ/&1+2 µ)+,:> 1+,(8/,3 0,& 

$):,µ)/23 6, -621)& +, µ8'&, $&,;>+% +%3 1+,(8/,3 1) ):9+µ&1%, µ45'& +"# 1%µ)*"# 

):*1-1%3 +-/ $>" 1#(0)/+'<1)-/. 7 +,5>+%+, ):&1"''8!%1%3 ):,'+9+,& ,!8 +%/ 

+,5>+%+, +%3 $&95#1%3 ,/9µ)1, 1+, $>" $&,;>µ,+,. ?8(- =,&/"µ4/-/ µ)+,="'93, +, 

"!"*, $%µ&"#'(">/+,& ,!8 +%/ ,#:%µ4/% 1#(04/+'-1% +"# 0,+,0'%µ/&1+2 1+%/ 90'% 

+%3 1+,(8/,3 % +,5>+%+, $&95#1%3 +"# >$,+"3 1+" $&9;#µ, +%3 1+,(8/,3 )*/,& 

µ)(,;>+)'% ,!8 ,#+2 µ)+,:> +-/ $>" $&,;#µ9+-/. @,6<3 " 8(0"3 +%3 1+,(8/,3 

µ)&</)+,&, % 1#(04/+'-1% +%3 !'-+)./%3 ,#:9/)+,& 1+,$&,09 0,& !)'/9)& ,!8 +% A</% 

$&,;#+8+%+,3 1+% µ)1"1+,6)'2 A</% 0,& µ)+9 1+% A</% 0,+,0'2µ/&1%3 (#!)'0"')1µ83 

+"# $&,;>µ,+"3). B/ "& 1#/620)3 )*/,& )#/"C043 0,+9 +" !4',1µ, ,!8 +% µ)1"1+,6)'2 

A</% µ!"')* /, 15%µ,+&16">/ !#'2/)3 0'#1+9;;-1%3 (A</% !#'2/-1%3) 0,& 0,+8!&/  

/, ,/,!+#56">/ 1) 0'#1+9;;"#3 (!"#µ$ 2.2). 

                 

                                   ,                                                                          D  

%"#µ$ 2.2 7 !"')*, +%3 0'#1+9;;-1%3 1>µ=-/, µ) +% µ46"$" +%3 $&95#1%3 ,+µ</: 
$) 0,+9 +%/ ):&1"''8!%1% +%3 +91%3 ,+µ</ 1#/26-3 >$-' ):,+µ*A)+,& ,!8 +% 1+,(8/, 
0,& % 1#(04/+'-1% +%3 !'-+)./%3 0,& +"# 0,+,0'%µ/&1+2 ,#:9/"/+,&, &) % 1+,(8/, µ) 
+" !'-+)C/&08 $&9;#µ, !'4!)& /, =+91)& D,6µ&,*, 1+"/ #!)'0"')1µ8, 1+% A</% 
!#'2/-1%3 (&, /, ,'5*1"#/ "& 0'>1+,;;"& /, ,#:9/"/+,& 0,& +8+) % 1#(04/+'-1% +%3 
!'-+)./%3 0,& !9;& µ)&</)+,&. 

 

E=,'µ8A"/+,& 0#'*-3 $>" $&,+9:)&3 ,/9!+#:%3 !'-+)C/&0</ 0'#1+9;;-/ !"# 

D,1*A"/+,& 1+%/ ,'52 +%3 $&95#1%3 ,+µ</, % +)5/&02 +%3 0')µ9µ)/%3 1+,(8/,3 (hanging 

drop) 0,& +%3 )!&0,62µ)/%3 1+,(8/,3 (sitting drop), )/< ;&(8+)'" )=,'µ8A)+,& % +)5/&02 
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!"# $%&!'()*$+ ,$(-.(-/0µ$+"# 1!&20+&# (sandwich drop) (!"#µ$ 2.3). 3- &(4'# 

%(51!677)1"# $8+&- .- 89-$# 1!-# !$4+-%'#, µ$ 9-&:.('# )# ,(.# !. 4(0+. 

$;-1.((0,"1"#, !.+ &,&-!.<µ$+. 02%. !"# 1!&20+&# %&- !"+ $5%.78& 1577.2=# !)+ 

%(51!677)+. >:&(µ0/.+!&# !"+ !$4+-%= !"# $,-%&*=µ$+"# 1!&20+&# µ,.($8 +& 

$7&4-1!.,.-"*$8 . 02%.# !"# 1!&20+&# 6(& %&- " ,.10!"!& ,()!$?+"# %&*@# %&- . 

4(0+.# $;-1.((0,"1"#, $+@ µ$ !"+ !$4+-%= !"# %($µ6µ$+"# 1!&20+&# " 1577.2= !)+ 

%(51!677)+ %&*81!&!&- $5%.70!$(".  

 

 

%"#µ$ 2.3 A4"µ&!-%= &+&,&(61!&1" !"# µ$*09.5 9-6451"# &!µ@+ 0,)# $:&(µ0/$!&- 
µ$: $) !"+ !$4+-%= !"# %($µ6µ$+"# 1!&20+&#, %&!6 !"+ .,.8& µ-%(= ,.10!"!& 
,()!$B+-%.< 9-&7<µ&!.# %&- 9-&7<µ&!.# %&!&%("µ+-1!= (1!&20+& %(51!677)1"#) 
&:=+.+!&- 1!. µ'1. %&75,!(89&# (repel-coated). C %&75,!(89& !.,.*$!$8!&- ,6+) &,0 
!" 9$;&µ$+= ,.5 ,$(-'4$- 14$!-%6 µ$267. 02%. (&,0 0,2 mL ')# -15+=*)#- 1 mL) 
9-&7<µ&!.# %&!&%("µ+-1!= %&- !. 1<1!"µ& %7$8+$!&- &$(.1!$2@#, &) !"+ !$4+-%= !"# 
$,-%&*=µ$+"# 1!&20+&#, 0,.5 " 1!&20+& !.,.*$!$8!&- ,6+) 1$ µ8& 2':5(& ,.5 
D(81%$!&- $+!0# !"# 9$;&µ$+=# %&- ') !"+ !$4+-%= !"# $%&!'()*$+ ,$(-.(-/0µ$+"# 
1!&20+&#, 0,.5 " 1!&20+& !.,.*$!$8!&- &+6µ$1& 1$ 9<. %&75,!(89$#.  
 

 

C 9-6451" &!µ@+ &,.!$7$8 !"+ ,-. $5(')# 4("1-µ.,.-.<µ$+" !$4+-%= 

%(51!677)1"# ,()!$B+@+. >8+&- -9&+-%= ,(.%$-µ'+.5 +& $7$24*$8 '+& $5(< :61µ& 

15+*"%@+ %(51!677)1"# (screening) (()*+,$ 2.1) µ$ 14$!-%6 µ-%('# ,.10!"!$# 

,()!$?+"# %&- %&*-1!6 $:-%!= !" µ$2'*5+1" 5,0 %78µ&%& (scale-up), '!1- @1!$ +& 

7":*.<+ %(<1!&77.- %&!677"7.5 µ$2'*.5# 2-& !" 1577.2= %(51!&77.2(&:-%@+ 

9$9.µ'+)+. E$-.+'%!"µ6 !"# &,.!$7$8 " µ$2&7<!$(" ,-*&+0!"!& +& 14"µ&!-1*$8 %6,.-& 

&!'7$-& 1!. %(51!&77-%0 ,7'2µ&, " .,.8& %&- &5;6+$- &(%$!6 µ$ !"+ ,(0.9. !"# 
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!"#$%&''($)* !+,-*, +./01* ) $#2!30%"($) %(0 4"5$µ/67/(0 +#7&0/8 +./%3"5# 

26050%+8 +4/8')%8!1%/"/* '12( %5# 45'9 µ8!"59 12!5# %)* $%+210+*.  

                      

 

 

 

 

 

!"#$%& 2.1 :5''& 4/8"&µ+%+ !"#$%&''($)* +4+8%590%+8 28+ 0+ /7/%+$,590 1'/* 58 
4+"&µ/%"58 !+8 0+ /0%548$,590 58 '6258 $#0;#+$µ56 45# 6$(* ;-$5#0 !"#$%&''5#* 
!+%&'')'5#* 28+ !"#$%+''52"+.8!< µ/'3%). =+ %/'/#%+6+ >"108+ !+%+$!/#&$%)!+0 
"5µ41% !"#$%+''-$/(0 28+ 0+ +#%5µ+%5458<$5#0 !+8 0+ /48$4/9$5#0 %) ;8+;8!+$6+ 
%(0 4/8"+µ&%(0 +#%-0 !+,8$%-0%+* ;#0+%< %)0 4"+2µ+%5456)$) µ/2&'5# +"8,µ59 
4/8"+µ&%(0 $/ $90%5µ5 >"105. 

 

 
 
2.1.4.2 '"()*+, µ-+. /0"1&%/2&3  
 

? %/>08!< +#%< @+$6A/%+8 $%)0 &µ/$) /0;5;8&>#$) %5# ;8+'9µ+%5* 

!+%+!")µ08$%< $%5 4"(%/B08!1 ;8&'#µ+ µ3$( %)* !580<* %5#* /48.&0/8+* µ/ %) 

;)µ85#"26+ $%58@&;(0, #C)'<* $#2!30%"($)* $#0<,(* $%5 ;8&'#µ+ %5# !+%+!")µ08$%< 

!+8 >+µ)'1%/")* $#2!30%"($)* $#0<,(* $%5 ;8&'#µ+ 4"(%/D0)* !+8 4+"5#$8&A/8 

+"!/%3* 5µ581%)%/* µ/ %)0 %/>08!< ;8+46;#$)*. ? /µ.&08$) 4#"<0(0 !"#$%&''($)* !+8 

%/'8!& ) +0&4%#7) !"#$%&''(0 260/%+8 $%)0 /0;8&µ/$) 4/"85>< µ/%+79 %(0 ;95 

$%58@&;(0, $%)0 5456+ %1$5 ) $#2!30%"($) &'+%5* 1$5 !+8 +#%< %)* 4"(%/D0)* /60+8 

$%) µ328$%) %8µ< %5#*. =+ ;95 ;8+'9µ+%+ +0+µ/820950%+8 +"2& !+8 $%)0 !+%&$%+$) 

8$5""546+* ) $#2!30%"($) %5# !+%+!")µ08$%<  /60+8 +"!/%& µ/2&') -$%/ 0+ 4"5(,<$/8 

%)0 !"#$%&''($). E12( %)* +'')'/46;"+$)* µ5"6(0 !+%+!")µ08$%< !+8 4"(%/D0)* 

;)µ85#"2590%+8 4/"85>3* #4/"!5"/$µ59 4"5&250%+* %)0 /µ.&08$) 4#"<0(0 

!"#$%&''($)* !+8 %)0 +0&4%#7< %5#* $/ !"#$%&''5#* !+%&'')'5#* 28+ $#''52< 

!"#$%+''52"+.8!-0 ;/;5µ30(0.  

F)µ+0%8!1 µ/8503!%)µ+ %)* %/>08!<* +45%/'/6 ) +4+6%)$) µ/2&')* 45$1%)%+* 

4"(%/D0)* /7+8%6+* %)* #C)'<* +">8!<* $#2!30%"($)* %(0 ;8+'#µ&%(0. Gµ(* %+ 
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!"#"$!%&% '()*+% , %-%+!./µ"*, -.0)!,!% -(1!"2*,3, 4'"+ -"(+.(+0!"& µ" !, '(50, 

µ+6(.("$0!.µ,'%*+67* 8+%!9:"1*. ;#".*46!,µ9 !,3 "&*%+ , 8$*%!)!,!% %*9-!$:,3 

6($0!9##1* µ"<9#.$ µ"<4=.$3 6%+ 6%#53 -.+)!,!%3.  

 
2.1.4.3 !"#$%&'() 
 

> !"'*+65 %$!5 "&*%+ -%()µ.+% µ" !,* !"'*+65 8+9'$0,3 µ401 "-+?%*"&%3 µ" !, 

8+%?.(9 )!+ !. 8+9#$µ% !,3 -(1!"2*,3 ":+0.((.-"&!%+ µ" -$6*) 8+9#$µ% 

6%!%6(,µ*+0!./ µ401 ,µ+-"(%!53 µ"µ@(9*,3. A" !.* !()-. %$!) , 8+9'$0, µ.(&1* 

/8%!.3 (10µ1!+69 ?%+*)µ"*%) .8,<"& 0!.* $-"(6.("0µ) !.$ -(1!"B*+6./ 8+%#/µ%!.3 

6%+ 0!. 0',µ%!+0µ) 6($0!9##1*.  

> !"'*+65 %$!5 -#".*"6!"& 0" 0'40, µ" !,* !"'*+65 8+9'$0,3 µ401 "-+?%*"&%3 

8+)!+ 8"* '("+9C.*!%+ +8+%&!"(% µ"<9#"3 -.0)!,!"3 -(1!"2*,3 6%+ !. &8+. 8+9#$µ% 

-(1!"2*,3 µ-.("& *% 8.6+µ%0!"& 0" -"(+00)!"("3 %-) µ+% 0$*=56"3 %-#73 

µ"!%?4(.*!%3 !, µ"µ@(9*, 0" 8+9?.(% 8+%#/µ%!% 6%!%6(,µ*+0!7*. D-&0,3 µ-.("& *% 

"#"<'="& . ($=µ)3 8+9'$0,3 µ401 !.$ µ"<4=.$3 !1* -)(1* !,3  µ"µ@(9*,3.    

 

2.1.4.4  *+,-"./ 01"./2 #-3µ"4)2 
 

> !"'*+65 %$!5 "&*%+ , -+. -%#+9 6%+ %-#5 !"'*+65 6($0!9##10,3 -(1!"B*7*. 

E$*&0!%!%+ 0!,* 9µ"0, %*9µ"+:, %6)("0!.$ -(1!"B*+6./ 8+%#/µ%!.3 $F,#53 

0$<64*!(10,3 µ" 8+9#$µ% 6%!%6(,µ*+0!5 "-&0,3 0" $F,#5 0$<64*!(10,, µ" 

%-.!4#"0µ% !, µ"!%@.#5 !,3 8+%#$!)!,!%3 !,3 -(1!"2*,3 4!0+ 70!" *% -(.6/F"+ 

$-4(6.(. 8+9#$µ% -(1!"2*,3 0!, 0$<6"6(+µ4*, 0$<64*!(10, 6%!%6(,µ*+0!5 6%+ *% 

.8,<50"+ 0" 6($0!9##10,.  

;#".*"6!5µ%!% !,3 !"'*+653 "&*%+ , %-#)!,!% %##9 6%+ , "-%*%#,F+µ)!,!% !,3, 

"*7 .+ 6(/0!%##.+ -.$ -(.6/-!.$* (µ" -.0)!,!"3 !,3 !9:,3 !1* 0,3mL) "&*%+ !$-+69 

µ"<%#/!"(.+ 6%+ 6%#/!"(,3 -.+)!,!%3 #)<1 !.$ )!+ , -+=%*)!,!% *% "-+6%=&0"+ 69-.+% 

-()0µ"+:, 5 -(1!".#$)µ"*. !µ5µ% !,3 -(1!"2*,3 "&*%+ µ+6()!"(, 0" 0'40, µ" 9##"3 

!"'*+643. ;%#%+)!"(%, 0,µ%*!+6) µ"+.*46!,µ% !,3 !"'*+653 .#+653 %*9µ"+:,3 

%-.!"#./0" , %-%&!,0, µ"<9#,3 -.0)!,!%3 -(1!"2*,3. G% !"#"$!%&% )µ13 '()*+% µ" 

!,* %*9µ"+:, !1* 8+%#$µ9!1* "&!" 0" !(+'."+8"&3 01#,*&06.$3 "&!" 0" µ+6(.0!%<)*"3 

6%#$-!)µ"*"3 %-) 0!(7µ% "#%&.$ (microbatch crystallization), '(,0+µ.-.+./*!%+ 
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!"#$%&%'( )*+,( %-.&( µ'/01"2( µ' ,2%0( %&( *+-32#&( ,%µ45, ,66- %, ,!"%'60#µ,%, 

*'5 ')5,+ ,5,6$/7( '!+%238. 92:+$%':, µ'+"5';%8µ,%, %&( %'35+;8( "6+;8( ,5-µ'+.&( 

')5,+ %" $%+ *'5 µ!":') 5, 3:&#+µ"!"+&1') #' !':+!%4#'+( $!"2 ')5,+ ,!,:,)%&%& ,:/8 

'.+#"::$!&#& ;,+ %" $%+ *'5 '!+%:0!'+ %"5 06'/3" '2:07( <-#µ,%"( #251&;45 µ' µ), 

#%,/$5,, $!7( #2µ=,)5'+ #%+( %'35+;0( *+,!)*2#&( ;,+ *+-32#&( ,%µ45. >+, %"2( 6$/"2( 

,2%"?( & %'35+;8 *'5 3:&#+µ"!"+')%,+ '2:07(. 

 

 

 

2.2 !"#$%&''()"&*+& 

 

2.2.1 !"#$%&'',-. $#$%/µ&%& 

 

@" !:4%" ;,+ ;,1":+#%+;$ =8µ, #%"5 !:"#*+":+#µ$ µ),( !:7%'A5+;8( *"µ8( 

')5,+ & !,:,/7/8 ;,68( !"+$%&%,( ;:2#%-6675. B+ ;:?#%,66"+ #3&µ,%)C"5%,+ ,!$ %&5 

;,5"5+;8 *+'210%&#& #' %:'+( *+,#%-#'+( ,%$µ75, +$5%75, µ":)75 8 µ":+,;45 

#2µ!6'/µ-%75 (01/µ& 2.4).  D =,#+;8 *"µ+;8 µ"5-*, '5$( ;:2#%-66"2, & "!"), 

'!,5,6,µ=-5'%,+ !':+"*+;- *&µ+"2:/45%,( µ), ;,5"5+;8 *+-%,.&, "5"µ-C'%,+ 

µ"5,*+,), ;2E'6)*, (8 #%"+3'+4*&( ;2E'6)*, unit cell). B+ ,;µ0( %&( #&µ'+45"5%,+ µ' 

%, /:-µµ,%, a, b ;,+ c ;,+ *&645"25 $%+ ;-1' #&µ')" '!,5,6,µ=-5'%,+ ;,%- µ8;"( %"2 

;-1' -."5, %$#" $#" ":)C'+ & ,5%)#%"+3& %+µ8 %75 ,;µ45 a, b ;,+ c. B+ /75)'( 

3,:,;%&:)C"5%,+ µ' %, /:-µµ,%, ,, = ;,+ / µ' %&5 , 5, ')5,+ µ'%,.? %75 ,;µ45 b ;,+ c, 

%& = µ'%,.? a ;,+ c ;,+ %& / µ'%,.? a ;,+ b (01/µ& 2.5). D '!,5-6&E& %"2 

!,:,66&6'!+!0*"2 %&( µ"5,*+,),( ;2E'6)*,(, !:"( $6"2( %"2( -."5'(, !,:-/'+ %" 

;:2#%,66+;$ !60/µ,. 9-1' µ"5,*+,), ;2E'6)*, #%, ;:2#%,66+;- !60/µ,%, !':+03'+ 

#2µµ'%:),. @" '6-3+#%" %µ8µ, %&( µ"5,*+,),( ;2E'6)*,( !"2 !':+03'+ $6& %&5 

!6&:"<":), %&( ;:2#%,66"/:,<+;8( #2µµ'%:),( "5"µ-C'%,+ ,#?µµ'%:& ;2E'6)*, 

(asymmetric unit). 

 

 



!"#$%&'( 2                                                                                                                    )*+!, !,+ -./010+ 

 44 

 

!"#µ$ 2.4 !" #$%&'())*#+ ,)-.µ( /'012'(* (,+ '*3 µ"4(5*(023 #%62)0523. 7 
#$8&'())"3 (crystal) 204(* -4(3 &%45%(&µ+3 '"% #$%&'())*#"8 ,)-.µ('"3 (crystal 
lattice) #(* '"% ,2$*2/"µ-4"% '93 µ"4(5*(0(3 #%62)05(3 (unit cell). 
(http://xray0.princeton.edu/~phil/Facility/x101/x101.html)  
 

 

!"#µ$ 2.5 :"4(5*(0( #%62)05(. 7* -;* ,($<µ2'$"* (a, b, c, (, =, .) 2,($#"84 .*( 4( 
#(>"$0&"%4 µ"4"&?µ(4'( '" &/?µ( '93 µ"4(5*(0(3 #%62)05(3 #(* @3 2# '"8'"%, '9 
A%&*#? .2@µ2'$0( '"% ,$"'8,"% ,2$0>)(&93. 
(http://xray0.princeton.edu/~phil/Facility/x101/x101.html) 
 

 

B ,2$*"5*#< 2,(4()(µ=(4+µ249 (&8µµ2'$9 µ"4<5( µ,"$20 4( 204(* -4( µ+$*" ? 

µ0( &%4<>$"*&9 µ"$0@4. B (4'*#('<&'(&9 #<>2 '-'"*(3 µ"4<5(3 (,+ -4( &9µ20" "59.20 

&2 -4( '$*&5*<&'('" ,)-.µ(, '" #$%&'())*#+ ,)-.µ(. :-&( &'" #$%&'())*#+ ,)-.µ( 

"$012'(* 9 .2@µ2'$*#? &/-&9 µ2'(;8 '@4 5"µ*#C4 µ"4<5@4 #(* .042'(* 2µA(4?3 9 

&%µµ2'$0( '93 '$*&5*<&'('93 5*2%>-'9&?3 '"%3. B #$%&'())".$(A*#? (%'? &%µµ2'$0(, 

($/*#<, &/2'012'(* µ2 '" &/?µ( '93 µ"4(5*(0(3 #%62)05(3. !" ,2$*2/+µ24" '93 

µ"4(5*(0(3 #%62)05(3 µ,"$20 4( (4(,($(/>20 (,+ '94 2A($µ".? #('<))9)93 "µ<5(3 
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!"#$%&' ()µµ%*"+,- (symmetry operations) (% µ+, µ.'/ ,(0µµ%*"1 µ/'#2,. 3)*4 1 

/µ#2, !"#$%&' ()µµ%*"+,- /"+5%*,6 ,!. *1' /µ#2, ()µµ%*"+,- 78"/) (space group) 

*/) 9")(*#::/).  

; !"/(26/"6(µ.- *1- (&(*4- ()µµ%*"+,- */) !:<=µ,*/- ,!/*%:%+ >,(694 

!"/?!.@%(1 *1- 9")(*,::/=",A694- µ%:<*1- 9,6 ()'/2%0%6 (% .:, *, (*#26, *1 

26,269,(+, !"/(26/"6(µ/0 *1- *"6(26#(*,*1- µ/"6,94- 2/µ4-. B ()µµ%*"+,, %!+(1-, 

:.=& *1- %!,',:1C6µ.*1*,- %:,**8'%6 *.(/ */' ,!,6*/0µ%'/ ,"6@µ. *&' !%6",µ,*698' 

2%2/µ<'&' !/) !"<!%6 ', ()::%=/0' .(/ 9,6 */' .=9/ *&' )!/:/=6(µ8' (*1 ()'<7%6, 

*/) !"/(26/"6(µ/0. ;6 µ%*,(71µ,*6(µ/+ /6 /!/+/6 ,A4'/)' <', (1µ%+/ */) !:<=µ,*/- 

,9+'1*/, /'/µ#5/'*,6 !"#$%6- ()µµ%*"+,- (1µ%+/) (point symmetry) 9,6 %+',6 / 

9,*/!*"6(µ.- &- !"/- <', %!+!%2/, 1 !%"6(*"/A4 &- !"/- <', 9<'*"/ 9,6 /6 ()'2),(µ/+ 

*/)-. D*1' 9")(*,::/=",A694 ()µµ%*"+, !%"6:,µ>#'/'*,6 10 (*/67%+, ()µµ%*"+,- 

(symmetry elements), / ()'2),(µ.- *&' /!/+&' 2+'%6 *6- 32 9")(*,::69<- *#$%6-. 

E!%624 .µ&- */ 9")(*,::69. !:<=µ, 7,",9*1"+5%*,6 9,6 ,!. ()µµ%*"+, µ%*#@%(1- 

(translation) &- !"/- *6- *"%6- 26,(*#(%6- */) 78"/), 21µ6/)"=/0'*,6 '<, (*/67%+, 

()µµ%*"+,-, /6 #$/'%- %:698(%&- (screw axis) 9,6 *, %!+!%2, /:+(@1(1- 9,6 <*(6 

µ,@1µ,*69# ,!/2%69'0%*,6 .*6 / ()'2),(µ.- %$&*%"698' 9,6 %(&*%"698' (*/67%+&' 

()µµ%*"+,- 2+'%6 <', (0'/:/ ,!. 230 /µ#2%- ()µµ%*"+,- 78"/). F!#"7/)' 14 %+21 

!:%=µ#*&', *, !:<=µ,*, Bravais, *, /!/+, 9,*,'<µ/'*,6 (% 7 G")(*,::69# D)(*4µ,*,: 

H"69:6'<-, I/'/9:6'<-, ;"@/"/µ>69., H"6=&'69., E$,=&'69., H%*",=&'69., 9,6 G)>69. 

(!"#$%$& 2.1) !/) !"/90!*/)' ,!. */)- 2)',*/0- ()'2),(µ/0- *&' !,",µ<*"&' *&' 

µ/',26,+&' 9)C%:+2&'. J(*.(/ *, >6/:/=69# µ,9"/µ."6, (!"&*%K'%- 9,6 '/)9:%L'69# 

/$<,) %!%624 %µA,'+5/)' µ.'/ <', /!*69. 6(/µ%"<-, 9")(*,::8'/'*,6 (0µA&', µ% 65 

/µ#2%- ()µµ%*"+,- 78"/) %$,6"8'*,- ,)*<- !/) <7/)' 9,*/!*"694 ()µµ%*"+, (!"#$%$& 

2.2). M*,' 1 ,(0µµ%*"1 µ/'#2, !%"6<7%6 !%"6((.*%", ,!. <', µ."6, *.*% ,)*# 

%µA,'+5/)' µ1 9")(*,::/=",A694 ()µµ%*"+,.  

B 9")(*,::694 µ/"A/:/=+, !/:0 ()7'# 2+'%6 %'2%+$%6- =6, *1' %(&*%"694 

9")(*,::694 ()µµ%*"+, 9,6 !"/(,',*/:6(µ. *&' 9")(*,::/=",A698' ,$.'&'. 

D)(*1µ,*69<- ,!/)(+%- ,',9:#(%&', !/) 2%+7'/)' *1' 0!,"$1 *&' ,$.'&' (*"/A4-, 

µ!/"%+ ', %9*6µ1@/0' ,!. */ *%:69. (0'/:/ 2%2/µ<'&'.  
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!" #$#%µ&'" µ(%)%*' '" +(%,-%*' $($.$)/",0" ,$ µ0" 1"-2-$)3 %µ4#" 

,+µµ$-)0"5 62)%+ 1"7 &($7-" '" $8$/69%*' /7" (79"'4 7,%#*'"µ" ,+µµ$-)0"5 

+:38;-$)35 -4.$<5.  

 

!"#$%$& 2.1 !" 1)+,-"88714 ,+,-=µ"-" ,+'%(-714. 

'()*+$,,-%.  
*/*+0µ$   

!,12µ$/+$ 
Bravais  

!$(3µ4+(5- µ5#$6-$"$& %)74,"6$&  

!)7187'&5 P a, b, c, ", >, / 6<)05 ($)7%)7,µ%*5 

?%'%187'&5 P, C a, b, c, "=/=90°, > 6<)05 ($)7%)7,µ%*5 

@)9%)%µ>71; P, C, F, I  a, b, c, "=>=/=90° 

!$-)"/<'71; P, I a=b, c, "=>=/=90° 

!)7/<'71; P a=b, c, "=>=90°, /=120° 

R ()%µ>%$#)71;) a=b=c, "=>=/<120° 

A."/<'71; P a= c, b, "=/=90°, >=120° 

B+>71; P, F, I a=b=c, "=>=/=90° 

 

!"#$%$& 2.2 @7 6$7);µ%)C$5 (chiral) %µ4#$5 62)%+ ;(%+ 1)+,-"882'%'-"7 -" 
>7%8%/714 µ"1)%µ;)7".  

!)7187'&5 P1  

?%'%187'&5 P2, P21, C2  

@)9%)%µ>71; P222, P2221, P21212, P212121, C2221, C222, F222, I222, I212121  

!$-)"/<'71; 
P4, P41, P42, P43, I4, I41, P422, P4212, P4122, P41212, P4222, P42212, 
P4322, P43212, I422, I4122  

!)7/<'71;  P3, P31, P32, R3, P312, P321, P3112, P3121, P3212, P3221, R32  

A."/<'71; P6, P61, P65, P62, P64, P63, P622, P6122, P6522, P6222, P6422, P6322  

B+>71; 
P23, F23, I23, P213, I213, P432, P4232, F432, F4132, I432, P4332, P4132, 
I4132  
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2.2.2 !"#$%&'() '*+$,-,  -.  

 

!"#$ µ%# &'(µ) #*"+$,$-- ./0(.+."1% (1 '$# 2"0µ0 0% #*"+$13 (*1&240$"#% #.5 

"# )61*"/5$%# "07 #"5µ07 ./03 5613 "%3 *#"1789$(1%3. :# )61*"/5$%# 1+$#% "# 

(,µ#"+&%# "07 #"5µ07 .07 (*1&2407$ ()µ#$"%*2 "%3 #*"+$13-- *#% *#"#$'µ0$"#% (1 

#"0µ%*093 5;*073 &%#("2(1,$ (7;*/+(%µ,$ µ1 "# µ<*) *9µ#"03 ",$ #*"+$,$-- .07 

=/)(%µ0.0%09$"#% (") &0µ%*< #$267(). > (*'&#() ",$ #*"+$,$-- µ1 ")$ 96) (7µ?#+$1% 

1@#%"+#3 &90 &%#&%*#(%A$: #) ")3 (*'&#()3 Thomson *#% ?) ")3 (*'&#()3 Compton.  

> "#62$",() .07 7B+("#"#% "0 )61*"/5$%0 #.5 "%3 #*"+$13- - '=1% #.0"'61(µ# 

")$ 1*.0µ.< #*"%$0?06+#3 %&+07 µ<*073 *9µ#"03 *#% B2()3, #662 µ1 µ1"#?06< ")3 

B2()3 *#"2 CB=180° (Thomson < coherent scattering). !"#$ µ+# &'(µ) #*"+$,$-- 

./0(*/091% (1 =#6#/2 ./0(&1&1µ'$# )61*"/5$%# 7B+("#"#% .#/1*"/0.< #.5 ") 

&%1987$(< ")3 µ1 #.A61%# 1$'/;1%#3 *#% #66#;< ("0 µ<*03 *9µ#"03 (Compton < 

incoherent scattering). D5$0 ) (7µB#(%*< (*'&#() Thomson &+$1% 1$%(=7"%*< (7µ?06< 

",$ (*1&#45µ1$,$ *7µ2",$, 1$A ) (*'&#() Compton #.0"161+ 07(%#("%*2 85/7?0.   

E$# ./,"1F$%*5 µ5/%0 #.0"161+ '$#$ #&9$#µo (*1&#("< ",$ #*"+$,$--. G0662 

./,"1F$%*2 µ5/%# (1 "7=#+13 8'(1%3 (&%267µ# < 2µ0/B0 ("1/15) (*1&2407$ "%3 #*"+$13 

*#"2 "/5.0 (7$1=<, &)6#&< #*"%$0?06+# (*1&241"#% (1 5613 "%3 &%1789$(1%3 (&%#='1"#%).  

E$#3 */9("#6603 #.0"161+ µ+# .1/%0&%*2 1.#$#6#µ?#$5µ1$) &%178'")() µ0/+,$ 

("0 =A/0. > %&%5")"# #7"< *2$1% "# µ5/%# $# (*1&2407$ µ1 5µ0%0 "/5.0 "%3 #*"+$13 '"(% 

A("1 (1 0/%(µ'$13 &%1789$(1%3 ) (*'&#() #.5 56# "# µ5/%# $# (7µ?2661% &)µ%07/;%*2 

*#% $# ./0*9."07$ %(=7/'3 .1/%86Aµ1$13 #*"+$13 (1 #7"'3 "%3 &%1789$(1%3. > '$"#() 

#7"A$ ",$ #*"+$,$ µ.0/1+ $# µ1"/)81+ *#% ) &%#&%*#(+# #$#B'/1"#% ,3 (7660;< 

&1&0µ'$,$ .1/+86#()3. H% .1/%86Aµ1$13 &'(µ13 *#"#;/2B0$"#% (1 '$#$ #$%=$17"< µ1 ") 

µ0/B< ()µ1%#*A$ #µ#7/A(1,$ (#$#*62(1%3). > &%2"#@) 1$53 "'"0%07 .1%/2µ#"03 

B#+$1"#% ("0 (/0µ' 2.6 .  

I$ 0% (*1&#45µ1$13 #*"+$13 #$#(7$&7#("09$ ./0*9."1% 1%*5$# "07 #$"%*1%µ'$07 

.07 ./0*261(1 ")$ .1/+86#(), (1 µ1;'87$(). J.1%&< &1$ 7.2/=1% 5/;#$0 (..= B#*53) 

.07 $# µ.0/1+ $# #$#(7$&72(1% "%3 #$#*62(1%3 ",$ #*"+$,$--, ;%# "0 (*0.5 #7"5 

=/)(%µ0.0%1+"#% '$# µ#8)µ#"%*5 1/;#61+0 .07 0$0µ241"#% (9$81() Fourier. K")$ 

1@+(,() #7"< *281 (*1&#45µ1$0 *9µ# -.07 #$#B'/1"#% ,3 .#/2;0$"#3 &0µ<3- 
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!"#$%#&'"()$ )!* (+ !,&(+-, (. /$"01234. /$&/+4.- 5)$ (. '&4. (+2. 6+ )!+(7,"4µ) 

(.- 4031"4.- Fourier "83)$ + 9&#(.- .,"5(#+3$5:- !253*(.()- (;3 µ+#8;3 4(+3 

5#04(),,+. 

 

 

 

 

 !"#µ$ 2.6 62!$5: /$&()<. "3*- !"$#&µ)(+- !"#81,)4.- )5(83;3-= )!* 5#04(),,+. 
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2.2.3 !"#$"%#&'# ()*&$"*)"&µ*+ %),&-#..*$*µ/0 

 

!"# &1/µ# 2.7 $#% &'#(#%)*+ ,+-*"&. /-& ,.012&µµ& 2#34 µ* "& 53µ&"& 1.& "#- 

$2#6,.#2.6µ7 µ+&4 '2%6"&((#,#µ34. 

 

 

 

 

                                                

               

                                                
 
 
                                                
 

                                       

        
 
                                                
 
 
 
 
 
 
 
 
 
 
 
  
   
 
 
21/µ# 2.7 8.012&µµ& 2#34 "9- 5:µ0"9- 1.& "#- $2#6,.#2.6µ7 µ+&4 '2%6"&((#,#µ34 
(Clegg, 1998). 
 
 
 
 

1.  ;$.(#13 '&"0((:(#% '2%6"0((#%  
         1.& µ*(/": µ* &'"+-*4-< 

2.  ;=2*6: 1*9µ*"2+&4 µ#-&,.&+&4 '%>*(+,&4 
     &2?.'/4 $(:2#@#2+*4 6%µµ*"2+&4              

3. A/"2:6: $(32#%4 6%-7(#% ,*,#µ/-9-     
    $*2+)(&6:4 
            

4.  ;$*B*21&6+& ,*,#µ/-9- $*2+)(&6:4 

5.  C2#6,.#2.6µ74 ":4 ,#µ34: 
  &)A/)#,#4  Patterson  
   5) Dµ*6*4 µ/)#,#. 
   1) D((*4 µ/)#,#.        

8.  ;2µ:-*+& "9- &$#"*(*6µ0"9- 

!"#$"%#&'

# 
3(*%-456'&# 
(.4)*7*)'#  

a b c & 5 1   
'2%6"&((.'7 6=6":µ&;  
#µ0,& 6%µµ*"2+&4 ?E2#%; 

(+6"*4 "9-: 
h k l I 6(+) 

(+6"*4 "9-: 
h k l F 6(F) 

)/6*.4 &"7µ9- µ*2.'/4 3 
7(*4 µ:-F 
   

)/6*.4 7(9- "9- 
&"7µ9- 
 ('&"0 $2#6/11.6:) 
 
 
 
- 
0 

     )/6*.4 &"7µ9- '&. 
     $&2&µ*"2#. )*2µ#'2&6.&'34                                   
     µ*"&"7$.6:4 
 
 
 
- 
0 

 1*9µ*"2+& "#% µ#2+#% 
 packing arrangement 
 '.(.$. 
 
 
 
- 
0 

6.  ;-"#$.6µ74 ,#µ34-*=2*6: 7(9- "9-  
     &"7µ9-. G&"&6'*%3 µ#2.&'#= µ#-"/(#% 
     <02"*4 :(*'"2#-.'34 $%'-7":"&4 '&.  
     ,.&@#2.'34 :(*'"2#-.'34 $%'-7":"&4. 

7.  H*(".6"#$#+:6: ":4 ,#µ34 
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2.2.4 !"#$%&'()($ 

!"#$ %&'(µ'")*+"#"', ,$'- µ.$.*&/0"'11.- 23$ 04#µ'"563"') %.", '%+ µ5' 

",13)', '%35&7- %3&).2)*8 2)9"':# µ.$927$. ; %3&).2)*+"#"' '<"8 35$') %3%3&'0µ,$# 

*') 3µ='$563) '",13)3-. >%.&35 $' ?37&#?35 +") . *&/0"'11.- '%."3135"') '%+ %18?.- 

µ70'@*A$ B#=527$ 15(7$ µ.$'2)'57$ *<B31527$. C) B#=523- '<",- 23$ 35$') ",13)' 

2)'"3"'(µ,$3- '119 3µ='$56.<$ µ5' 043")*8 (7$)'*8 '%+*1)0# µ3"':/ ".<- (#*+µ$ 

2.8). D)’ '<"+, # ,$"'0# "#- 0*32'6+µ3$#- '*")$.E.15'- 23$ 35$') 0#µ3)'*8 '119 

'$")0".)435 03 0<(*3*&)µ,$. 3/&.-. F%50#-, ". (3(.$+- +") *9?3 µ)*&8 B#=52' 

'%."3135"') '%+ %3%3&'0µ,$. '&)?µ+ 3%'$'1'µE'$+µ3$7$ µ.$927$ ,43) 7- '%.",130µ' 

# 0*32'6+µ3$# '*")$.E.15' '%+ '<"8 $' =,&3) ,$' 3%)%1,.$ 3/&.- (1)(+"3&. '%+ 0.01°). 

G%.",130µ' '<"A$ %.< '$'=,&?#*'$ 35$') # %'&'"#&./µ3$# %3&5?1'0# "7$ '*"5$7$-H 

03 µ.$.*&/0"'11. $' µ#$ 3$".%563"') 03 ,$".$' 0#µ35' ".< '$"50"&.=.< 4A&.< '119 

$' 3*"35$3"') 03 µ)*&,- %3&).4,- (/&7 '%+ '<"9 "' 0#µ35'. 

 
                  ,*+µ$ 2.8  I%3&E.1)*8 04#µ'")*8 '$'%'&90"'0# "#- µ70'@*+"#"'-. 
 
 

 
2.2.5 -./01023&+ #()2  &./#($4401.$56$ 7."(8%292  
 
 

J'"9 "# 0<11.(8 *&<0"'11.(&'=)*A$ 232.µ,$7$ .) *&/0"'11.) <=50"'$"') 

3*"3"'µ,$# *'"'0"&.=8 1+(7 '*")$.E.15'- (radiation damage). ; *'"'0"&.=8 '<"8 

.=3513"') 0"#$ '11#13%52&'0# µ3"':/ "7$ µ.&57$ %.< 04#µ'"56.<$ ".$ *&/0"'11. *') 

"#- 2,0µ#- "#- '*")$.E.15'- %.< %&.*'135 ).$)0µ+. C) '11.)A03)- '<",- 35$') 2<$'"+ $' 

%&'(µ'".%.)#?./$ µ3 2/. "&+%.<-. >3 9µ30# 2&90# +%.< # '*")$.E.15' %&.0E9113) 

'%3<?35'- "' µ+&)' 0".$ *&/0"'11. (%.4. *'"'0"&.=8 µ,&.<- "#- %.1<%3%")2)*8- 

'1<052'-) *') µ3 ,µµ30# 2&90# *'"9 "#$ .%.5' µ%.&35 $' (5$3) 2)90%'0# µ.&57$ /2'".- 

%&.- 313/?3&3- &563- ;K *') C;
K. ; "'435' 2)94<0# "7$ 313<?,&7$ &)6A$ 0". 
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!"#$%&''(!) *'+,µ& -./,01 $%/2 *0"&(%+"3 !&%&$%"-45 %-#. 6µ37 $0 *-'8 9&µ/'+7 

:0"µ-!"&$107 / *'0(-;/41& %32 0'0#:+"32 "(<=2 *-# *&">,-2%&( 9&"&!%/"1<-2%&( &*) 

*-'8 ?"&.8 "#:µ) .(>9#$/7. @%$( / !12/$5 %-#7 !&%> µ5!-7 %-# !"#$%&''(!-8 

*'+,µ&%-7 012&( µ0(3µ+2/ !&( / &*-.)µ/$5 %-# *0"(-"1<0%&( $/µ&2%(!>. A>"/ $%/2 

(.()%/%& *-# +9-#2 -( !"8$%&''-( µ&!"-µ-"132 2& µ*-"-82 2& ;#9:-82 .(&%/"=2%&7 %- 

!"#$%&''(!) %-#7 *'+,µ& $90.)2 &2&''-13%-, +90( ,120( !-(25 *"&!%(!5 / $#''-,5 

!"#$%&''-,"&4(!=2 .0.-µ+232 $0 9&µ/'5 :0"µ-!"&$1& *-# *"-$0,,1<0( %-#7 100 B. 

(Garman, 2003). 

C*) !&2-2(!+7 $#2:5!07 :0"µ-!"&$1&7 !&( *10$/7, %- 8.3" %-# !"#$%&''(!-8 

*'+,µ&%-7 ?(-µ-"132 ?"1$!0%&( $0 #,"5 µ-"45. 6µ37 !&%> %/2 ;8D/ 02)7 !"#$%>''-#, 

%& µ)"(& µ0%&?&12-#2 &*) %/2 #,"5 µ-"45 $%/ µ-"45 0D&,32(!-8 *>,-# (µ-"45 E %-# 

*>,-#), *"-!&'=2%&7 &8D/$/ %-# ),!-# !&%> *0"1*-# 9%, µ0 !&%&$%"-4(!+7 $#2+*0(07 

µ/9&2(!57 *10$/7. F(& %/2 &*-4#,5 %+%-(32 $#20*0(=2 &*) %/2 ;8D/ ,120%&( 9"5$/ 

02=$032 µ0 !"#-*"-$%&%0#%(!+7 (.()%/%07. G& !"#-*"-$%&%0#%(!> µ)"(& *0"(+9-#2 

-µ>.07 #."-D#'132 *-# ./µ(-#",-82 .0$µ-87 #."-,)2-# µ0 %& µ)"(& 8.&%-7 !&( 

.(&%&">$$-#2 %/ .-µ5 %-# !"#$%&''(!-8 0D&,32(!-8 *>,-# µ0 &*-%+'0$µ& %& µ)"(& 

%-# 8.&%-7 2& µ0%&?&12-#2 $%/ µ-"45 EE %-# *>,-#, / -*-1& 9&"&!%/"1<0%&( &*) µ1& 

µ0%&$%&:5 ($-""-*1& µ0 %& µ)"(& %-# 8.&%-7 2& ?"1$!-2%&( .(&%0%&,µ+2& µ0 %#9&1- 

%")*- $%- !"#$%&''(!) *'+,µ&. H%/ µ-"45 &#%5 %-# *>,-#, / ;8D/ %-# !"#$%>''-# .02 

$#20*>,0%&( &8D/$/ %-# ),!-# !&( 0!%0%&µ+2/ !&%&$%"-45 %-# !"#$%&''(!-8 

*'+,µ&%-7, &2 !&( %- !"#$%&''(!) *'+,µ& µ*-"01 2& .(&%&"&9:01, ,0,-2)7 *-# 

&2%(!&%-*%"1<0%&( $%/2 &8D/$/ %/7 µ3$&I!)%/%>7 %-#. J"-?'5µ&%& 0D&!-'-#:-82 2& 

0µ4&21<-2%&( !#"137 '),3 %-# $9/µ&%($µ-8 %-# *>,-# ,8"3 &*) 5 !-2%> $%-2 

!"8$%&''-, *-# &2%(µ0%3*1<0%&( µ0 *"-$*>:0(& µ013$/7 %/7 #,"&$1&7 ,8"3 &*) %-2 

!"8$%&''- )*37 µ0 9"5$/ !'0($%-8 9="-#, 02%)7 %-# -*-1-# %- 0*1*0.- %/7 #,"&$1&7 

µ*-"01 2& µ0(3:01 $0 '(,)%0"- &*) 1%. 

K !"#-*"-$%&$1& (cryoprotection) *&"+90( +2& µ+$- ,(& %/2 &8D/$/ %/7 

.(>"!0(&7 <357 -"($µ+232 !"#$%>''32 ?(-µ-"132, !&%> %/ .(>"!0(& %/7 $#''-,57 %32 

.0.-µ+232. L''& *'0-20!%5µ&%> %/7 012&( )%( 0*(%#,9>20%&( $#''-,5 .0.-µ+232 

!&'8%0"/7 *-()%/%&7 !&( $0 #;/')%0"/ .(&!"(%(!5 (!&2)%/%&, )%( ,120%&( .#2&%5 / 

&*-:5!0#$/ %32 !"#$%>''32 !&( / 0*&2&9"/$(µ-*-1/$5 %-#7 !&:=7 0*1$/7 !&( )%( 
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µ!"#$% &' (%&$) *+,,"(- .$."µ/&0& '!1 2#+*34,,"+5 µ)2#13$#"+ µ$(/6"+5. 78µ'&3)24 

µ$)"&$23-µ'3' '!"3$,"9& 8 '&4(28 $:$9#$*85 .)';"#$3)2<& *+&682<& 

2#+"!#"*3'*%'5 ()' 246$ &/" 2#9*3',," 2') 8 '&4(28 $(2'34*3'*85 2'34,,8,"+ 

2#+"*3438. 

=$&)24, ") 2#+"!#"*3'3$+3)2/5 $&<*$)5 !#"*3%6$&3') *$ !"*"*31 10-30% $!% 3"+ 

1(2"+ 3"+ !#03$>&)2"9 .)',9µ'3"5. 7+&-605 " 2#9*3',,"5 $µ?'!3%@$3') *$ .)4,+µ' 385 

*+&6-285 2#+*34,,0*85 *3" "!"%" /A$) !#"*3$6$% 2') 8 2'34,,8,8 !"*1383' 

2#+"!#"*3'3$+3)2"9. B .)'.)2'*%' '+3- .)'#2$% $,4A)*3' .$+3$#1,$!3' 2') " 

2#9*3',,"5 C9A$3') 4µ$*', *+&-605 *$ #$9µ' +(#"9 '@<3"+, 2'6<5 8 .)'3-#8*8 3"+ 

2#+*34,,"+ *3" 3#"!"!")8µ/&" µ83#)21 +(#1 ()' µ$(4," A#"&)21 .)4*38µ' µ!"#$% &' 

/A$) 05 '!"3/,$*µ' 38& 2'3'*3#";- 3"+. B (,+2$#1,8 *$ *+(2/&3#0*8 20-30% 2.1., 

$%&') 8 2#+"!#"*3'3$+3)2- /&0*8 µ$ 38& !)" $+#$%' A#-*8. D#8*)µ"!")"9&3') $!%*85 *$ 

µ$(4," ?'6µ1 8 2-µ$6+,"-2,4-!$&3'&".)1,8 (MPD), 8 ')6+,$&"(,+21,8, µ$#)2/5 ;"#/5 

*$ *+&.+'*µ1 µ$ !",+')6+,$&"(,+21,8 (PEG) ()' 38& '9:8*8 385 *3'6$#1383'5 30& 

2#+*34,,0&, 8 !",+')6+,$&"(,+21,8 400 (PEG400), ',2"1,$5 1!05 8 ')6'&1,8, 8 

µ$6'&1,8, 8 )*"!#"!'&1,8 2') .)4;"#' /,')'. (Garman 2003, Ducruix et al. 1992).  
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• !"#$%&%'#() &"$)* 

 
2.3 (+,-./001-2 !-034.5-637+892: 
 

  !" #$%&'µ"(" )&*+(',,-+./ (./ 0*+%)1/ 2-,")(2+0"%&34./ (native                            

2-lactoglobulin), #&"5µ"(2#2%16.)"4 µ$ (%/ ($74%)8/ (./ )&$µ'µ$4./ +("594"/ )"% (./ 

$#%)"61µ$4./ +("594"/. :&.+%µ2#2%16.)$ . "5$,";%41 2-,")(2+0"%&34. <  (L7880, 

Sigma) -/ 87$%, 7-&3/ #$&"%(8&- )"6"&%+µ9. !2 ;%',*µ" (./ #&-($=4./ 

#"&"+)$*'+(.)$ µ$ ;%",>(. 0,1M Tris pH 7,0 +$ "&7%)1 +*5)84(&-+. 20mg/mL. ? 

95)2/ (2* ;%",>µ"(2/ )"(")&1µ4%+./ +(. ;$@"µ$41 1("4 1mL. A&%4 (. ;%";%)"+3" 85%4$ 

5&152&. 0*52)84(&.+. (2* #&-($B4%)2> ;%",>µ"(2/ +$ 14000rpm )"% ,1C. (2* 

*#$&)$%µ842*. ?% +("594$/ $37"4 ($,%)9 95)2 8, 9, 1 10 µL µ$ "4",253" 95)2* 

;%",>µ"(2/ #&-($=4./ #&2/ 95)2 ;%",>µ"(2/ )"(")&1µ4%+./ 1:1. <)2,2>6.+$ 

#&2+$)(%)1 $@8("+. (-4 +("594-4. :&.+%µ2#2%16.)"4 ;3+)2% ;2)%µ"+%D4 

)&*+(',,-+./ (crystallization plates) 24 0&$"(%;3-4 (Linbro Plate, Hampton Research 

Inc.), µ%)&2580*&$/ (Micro-Bridges, Hampton Research Inc.) )"% )",*#(&3;$/ 

$#%)",*µµ84$/ µ$ +%,%)94. (Hampton Research Inc.). E/ ,%#"4(%)9 5%" (.4 $@"+0',%+. 

(./ +($5"49(.("/ $0"&µ9+(.)$ +%,%)94.. !" #$%&'µ"(" 8,"F"4 7D&" +$ 6$&µ2)&"+3" 

20°C )"% ")2,2>6-/ 2% ;3+)2% (2#26$(16.)"4 5%" $#D"+. +(2*/ 18°C.  

:&.+%µ2#2%16.)"4 (" ',"(" (NH4)2SO4 +$ +*5)84(&-+. "#9 2,2 8-/ 2,8 M µ$ 

F1µ" $,8572* 0,2 )"% Na-citrate 1,0 8-/ 1,5G µ$ F1µ" $,8572* 0,1. H(24 ;89343 2.3  

#2* ")2,2*6$3 ;3424("% (" &*6µ%+(%)' ;%",>µ"(" #2* 7&.+%µ2#2%16.)"4 +$ ;%'02&$/ 

(%µ8/ pH. I +*5)84(&-+. (-4 &*6µ%+(%)D4 ;%",*µ'(-4 1("4 0,1M HEPES 

(C8H18N2O4S, 4(-2-Hydroxyethyl)piperazine-1-ethanesulfonic acid, Fluka BioChemika)  

0,1G Tris (2Amino-2-(hydroxymethyl)-propane-1,3diol, AppliChem) )"% 0,2G TrisJHCl 

(C4H11NO3JHCl, Tris(hydroxymethyl)aminomethane hydrochloride, Fluka BioChemika).   

 

!89343: 2.3  !" &*6µ%+(%)' ;%",>µ"(" #2* 7&.+%µ2#2%16.)"4. 

K*6µ%+(%)9 ;%',*µ" L>&2/ pH 

Tris 7,5-8,5 

TrisJHCl 7,0-8,5 

HEPES 7,0-8,0 
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2.4 !"#$%&''($) $#µ*'+,(-  !-'.,%/$0.1"2-)3 

!  "#$#%&%' ($)*+,--&. *)µ"-/(&. +01 2--#(+2*3#4$5.01 µ6 +41 6.7*641 "2) 

85.2.+#4 *+2. *2-.,. 2.4 , 6"4964$':0(6 µ6 +41 +69.4(;1 +41 6µ<,"+4*01 (#4 +01 

*)%($)*+,--&*01. 

 

2.4.1 4µ5&*%1$) 

! +69.4(' +01 6µ<,"+4*01 (soaking) #.#3;$6+#4 *+0 µ6+#32$, +2) ($)*+,--2) 

*6 84,-)µ# +01 ;.&*01 ' *+0. "$2*:'(0 84#-=µ#+21 +01 ;.&*01 *+2. ($=*+#--2. ! 

#$94(' #>42-/%0*0 +01 "2$65#1 <#*5*+0(6 *6 9$&µ#+4(;1 #--#%;1 +2) ($)*+,--2) '/(#4 

µ#($2*(2"4(;1 #--#%;1 *+41 6"43,.64;1 +2) /"&1 6µ3,.4*0 $#%4*µ,+&., ()$+7*6&., 

(#+#(6$µ#+4*µ2= ' 2-2(-0$&+4('1 84,-)*'1 +2). ?#$#*(6),*+0(#. 84#-=µ#+# +&. 

6.7*6&. *6 #4:#./-0 ' 84#4:)-#4:;$# *6 84,32$61 *)%(6.+$7*641. 

 

2.4.2 6#7,"#$%&''($) 

! +69.4(' +01 *)%($)*+,--&*01 (co-crystallisation) #.#3;$6+#4 *+0. 6>#$9'1 

"$2*:'(0 +01 ;.&*01 7*+6 24 ($=*+#--24 .# *90µ#+4*+2=. "#$2)*5# +01. @2 84,-)µ# 

+01 "$&+6A.01 "#$#*(6),*+0(6 µ6 84#-=+0 0,1M Tris pH 7,0 65+6 0,2M Tris pH 8,0 *6 

#$94(' *)%(;.+$&*0 "$&+6A.01 20mg/mL. B4 *).:'(61 "2) 82(4µ,*+0(#. %4# +2 

*90µ#+4*µ/ *)µ"-/(2) '+#. *)%(;.+$&*0 (#+#<):4*+' 1,0-1,5 M Ca-citrate, 

$):µ4*+4(/ 84,-)µ# 0,1 M Hepes (pH 7,3),  *)%(;.+$&*0 )"2*+$7µ#+21 50 mM (#:71 

(#4 100 mM *6 #4:#./-0 "$2*+;:0(6 *+2 84,-)µ# +01 "$&+6A.01 *6 *)%(;.+$&*0 2:1 

&1 "$21 +0. "$&+6A.0 (#4 +2 µ65%µ# 6"&,*+0(6 %4# 2 7$61 *+2)1 40 ºC.  D.#µ59:0(#.  8 

µL 84#-=µ#+21 *)µ"-/(2) µ6 8µL 84#-=µ#+21 (#+#($'µ.4*01. 
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2.5 !"#$%&'µ(%( !-)(*%#$+(,&-./0 
 

!"# $% µ&'($% $%) *+,-.&-%) /*0-$+1µ2$13 -$% 2-'#4$0-5#"+63% &*&'(7%-#3 

&38-&") (9 *#+2717# 4#" "-0µ&+9 $0/)) *0/ -$0 *#+&':,3 (;0/3 #3#.&";:&6 ,$" 

*+0-.(303$#" -& #/$9. <" &38-&") #/$() .6303$#" -$03 *#+#42$1 "-.(*( 2.4  &38 

*&+"--,$&+# -$0";&6# *#+#$6:&3$#" -$0 1(&2&%/µ( (Bolton et al. 2008, Stryer 1994). 

1-.(*(0 2.4 =# /*0-$+8µ#$# $%) 2-'#4$0-5#"+63%). 
>*,-$+1µ# 

Ligand 
<30µ#-6# 4#$2 

IUPAC: 

 

?0+"#4,) 
$@*0) 

?0+"#4, 
A2+0) 

[g/mol] 

B4&'&$"49  
C0µ9 

http://pubchem.ncbi.nlm.nih.gov/ 

41."4,) 
Sigma 

D#0/+"4, 0E@ 
Lauric acid  

n-C1.&4#3"4, 0E@ 
dodecanoic acid 

C12H24O2 200,317760 

 

W261408, 
Sigma 

?/+"-$"4, 0E@ 
Myristic acid  

n-C&4#$&$+#3"4, 0E@ 
tetradecanoic acid   

C14H28O2 228,370920  

 

M3128, 
Sigma, 

?/+"-$&'#F4, 
0E@         
Myristoleic 
acid  

cis C9 C&4#$&$+&3"4,  
0E@ 
(Z)-tetradec-9-enoic 
acid 
 

C14H26O2 226,355040 

 

M3525, 
Sigma 

B$&#$"4, 0E@ 
Stearic acid   
 

n-C&4#04$#3"4, 0E@ 
Octadecanoic acid 

C18H36O2 

 
284,47724 

 

85679, 
Fluka 

G'#F4, 0E@  
 
Oleic acid  
 

cis C9 C&4#04$&3"4, 
0E@  
(Z)-octadec-9-enoic 
acid 

C18H34O2 

 
282,46136 

 

O1008, 
Sigma 

D"3&'#F4, 0E@          
 
Linoleic acid  

cis -cis- C9 , C12 
C&4#04$#."&3"4, 0E@ 
(9Z,12Z)-octadeca-
9,12-dienoic acid 

C18H32O2 280,445480 

 

L1376, 
Sigma 
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!"#$%&'( )*#(+( 2.4  
!"#$%&#"'( 
$)*  
 
Linolenic acid 
 

(%$ cis- +9 , +12,+15, 
+&',$'-,-."&#"'( $)* 
(9Z,12Z,15Z)-octadeca-
9,12,15-trienoic acid 

C18H30O2 278,429600 

 

L2376,  
Sigma 

/.,0"1"'( $)* 
Arachidic acid  
 

 

n- 2"'$3,#"'( $)* 
icosanoic acid 

C20H40O2 312,530400 

 

A3631, 
Sigma 

/.,0"1$#"'( 
$)*  
 
Arachidonic 
acid  
 

(%$ cis-+5 +8, +11, +14 
+&',$'-,-."&#"'( $)* 
(5Z,8Z,11Z,14Z)-icosa-
5,8,11,14-tetraenoic 
acid 

C20H32O2 304,466880 

 

A9673, 
Sigma 

7-
1&41.$0$%53-&.(

%5 
7-
Dehydrocholester
ol 

6.$7"-,µ8#5 
D3 Provitamin D3 

(3S,9S,10R,13R,14R,17R)-
10,13-dimethyl-17-[(2R)-6-
methylheptan-2-yl]  
-2,3,4,9,11,12,14,15,16,17-
decahydro-1H-cyclopenta[a] 
phenanthren-3-ol 

C27H44O 384,637660 

 

30800,    
Sigma 

2.9$3-&.(%5 
Ergosterol  
6.$7"-,µ8#5 
D2 
Provitamin D2 

(3S,9S,10R,13R,14R,17R)-
17-[(E,2R,5R)-5,6-
dimethylhept- 
3-en-2-yl]-10,13-dimethyl-
2,3,4,9,11,12,14,15,16,17- 
decahydro-1H-cyclopenta[a] 
phenanthren-3-ol 

C28H44O 396,648360 

 

45480, 
Sigma, 
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2.6 !"#"$%&' µ"()$* 
 

2.6.1 +",-µ)#. .&-(-/0%1#  
 
!"#$% &$&'()*+* &µ#$,-#./$ &00*0,12#/$ )*3 2-0&.),+4&#56$*3, +)#3 78+%#3 

9%9,µ:$;$ Swiss-Prot (Bairoch et al., 2000) (http://www.expasy.ch/sprot/) .&# +)* 78+* 

9%9,µ:$;$ <5;)%=$#./$ &.,0,1>#/$ ),1 NCBI (National Center for Biotechnology 

Information) );$ ?@A (http://www.ncbi.nlm.nih.gov/protein/). 

B)* 78+* 9%9,µ:$;$ <5;)%=$#./$ &.,0,1>#/$ Swiss-Prot C<,1 #95D>*.% ), 

1986 .&# +)#3 µ:5%3 µ&3 +1$)*5%6)&# &<E ), F07%)#.E G$+)#),D), H#,<0*5,4,5#.(3 

(Swiss Institute of Bioinformatics) +% +1$%5"&+6& µ% ), F15;<&=.E G$+)#),D), 

H#,<0*5,4,5#.(3 (European Bioinformatics Institute)C ,# &.,0,1>6%3 146+)&$)&# 

%<%-%5"&+6& .&# +2,0#&+µE (annotation), %$/ <%5#:2,$)&# .&# 9#84,5%3 25(+#µ%3 

<0*5,4,56%3 .&# +1µ<0*5;µ&)#.8 +),#2%6& %.)E3 &<E )*$ <#+),<,#*µ:$* &µ#$,-#.( 

&.,0,1>6&, E<;3 7#70#,"5&4#.:3 &$&4,5:3, "%$#.8 +),#2%6& 9%1)%5,)&",D3 9,µ(3, 

+D$9%+µ,# +% 800%3 78+%#3 9%9,µ:$;$ +2%)#.:3 µ% .8>% %""5&4(, .&>/3 .&# +*µ%#/+%#3 

"#& )* 7#,0,"#.( 0%#),15"6& (&$ %6$&# "$;+)().  

? 78+* 9%9,µ:$;$ Protein ),1 NCBI %6$&# µ#& +100,"( &µ#$,-#./$ &.,0,1>#/$ 

<,1 9*µ#,15"%6)&# &<E 9#84,5%3 <*":3. A<E )#3 µ%)&458+%#3 $,1.0%,)#9#./$ %""5&4/$ 

);$ &) GenBank +), NCBI, 7) EMBL (European Molecular Biology Laboratory) .&# ") 

DDBJ (DNA DataBank of Japan), µ:0* ),1 INSDC (International Nucleotide Sequence 

Databases Collaboration), .&>/3 %<6+*3 .&# &.,0,1>6%3 <,1 <5,:52,$)&# &<E )*$ 

<%5#,2( <,1 .;9#.,<,#%6)&# );$ RefSeq  (Reference Sequences), <,1 <%5#:2,$)&# +)* 

NCBI .&# %""5&4:3 &<E )* 78+* 9%9,µ:$;$ )56),1 µ:5,13 +2,0#&+µ,D TPA (Third 

Party Annotation) )*3 NCBI. A.Eµ* <%5#0&µ78$%# &.,0,1>6%3 <5;)%=$/$-µE$, &<E 

%-;)%5#.:3 (%.)E3 )*3 NCBI) <*":3 9%9,µ:$;$, PIR (Protein Information Resource), 

Swiss-Prot .&# PRF (Protein Research Foundation). I:0,3 <%5#0&µ78$%# .&# )#3 

<5;)%=$#.:3 &.,0,1>6%3 E<;3 :2,1$ %-&2>%6 &<E )#3 9,µ#.:3 %""5&4:3 )*3 PDB (Protein 

Data Bank). 
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!"#$ !"#$%$ 2.5  %#& '(#)#&*+, %'-'",*+$"'. #. '))/)#&0,+1 %#& +%.)230*/('$ 

$' µ+)+"/*#4$. 5,$#$"'. 3.' (6*+ µ,' '%7 ".1 '))/)#&0,+1 # (89.(71 ('"'0:-/;/1, 

('*:1 ('. / #$#µ';,' +.;'383<1 ;"/ =6;/ 9+9#µ2$8$ Swiss-Prot, # #-3'$.;µ71 '%7 

"#$ #%#,# %-#2-0+"'. ('. # '-.*µ71 "8$ 'µ.$#>28$ "/1.  

 

&"#$%$' 2.5  ?. 'µ.$#>.(21 '))/)#&0,+1 "/1 =6;/1 9+9#µ2$8$ Swiss-Prot "/1 
%-8"+@$/1 2-)'("#;A'.-,$/1 '%7 "' +,9/ */)';".(:$ %#& '$')4*/('$. 

 
()*+%,' 

%$-$./0121' 
 

3#4µ$2"$ 
5+2$6)67' 

8"*4' 
90+:µ,' 
9µ+#4;<)# 

B5B0D4 B5B0D4_BOVIN Bos taurus (B3+)69', Bovine) 178 
P02754 LACB_BOVIN B. taurus (B3+)69', Bovine) 178 
Q0PNH9 Q0PNH9_BUBBU Bubalus bubalis (C#&=6)., Domestic water buffalo) 178 
C3W955 C3W955_BUBBU B. bubalis (C#&=6)., Domestic water buffalo) 180 
P02755 LACB_BUBBU B. bubalis (C#&=6)., Domestic water buffalo) 180 
Q00P86 Q00P86_RANTA Rangifer tarandus tarandus (D6-'$9#1, Reindeer) 180 
P67975 LACB_OVIMU Ovis orientalis musimon (E#&A)7$ ';.'".(7, Mouflon) 162 
P67976 LACB_SHEEP O. aries (F-7='"#, Sheep) 180 
P02756 LACB_CAPHI Capra hircus (B,3', Goat) 180 
P02758 LACB1_HORSE Equus caballus (G%%#1, Horse) 180 
P07380 LACB2_HORSE E.  caballus (G%%#1, Horse) 181 
P19647 LACB2_EQUAS E.  asinus (H$#1,  Donkey) 163 
D6QX31 D6QX31_EQUAS E. asinus (H$#1,  Donkey) 181 
D6QX32 D6QX32_EQUAS E. asinus (H$#1,  Donkey) 181 
P13613 LACB1_EQUAS E. asinus (H$#1,  Donkey) 162 
P21664 LACB2_FELCA Felis catus (I6"', Cat) (Felis silvestris catus) 163 
P33688 LACB3_FELCA F.  catus (I6"', Cat) (Felis silvestris catus) 162 
P33687 LACB1_FELCA F.  catus (I6"', Cat) (Felis silvestris catus) 162 
P33685 LACB1_CANFA Canis familiaris (!(4)#1, Dog) (Canis lupus familiaris) 161 
P33686 LACB2_CANFA C.  familiaris (!(4)#1, Dog) (Canis lupus familiaris) 161 
P04119 LACB_PIG Sus scrofa (J#,-#1, Pig) 178 
Q7M2T0 Q7M2T0_TURTR Tursiops truncatus (5+)A,$. "#& '")'$".(#4, Atlantic 

bottle-nosed dolphin) (Delphinus truncatus) 
131  

fragment 

Q29614 LACB_MACEU Macropus eugenii (?&6)'µ%., Tammar wallaby) 174 
P11944 LACB_MACGI M.  giganteus (K'3(#&-7, Eastern gray kangaroo) 155 
Q29146 LACB_TRIVU Trichosurus vulpecula (F7;#&µ, Brush-tailed possum) 174 

O77511 O77511_PAPCY 
Papio cynocephalus (K,"-.$#1 E%'µ%#&,$#1, 
K&$#(2A')#1, Yellow baboon) 186 
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2.6.2 !"#$%&'$ $()%*+,- $./%/*012(  
  
2.6.2.1 3µ4%/#&- $./%/*0'&- 
 

! "#"$%&'(' )µ*+),-# ".)+)/012# 3,1#4 µ4 56%(' &)/ 76),68µµ"&)9 BLAST 

(Basic Local Alignment Search Tool) (Altschul et al., 1990) 

(http://www.ncbi.nlm.nih.gov/BLAST/).  

: "+,*610µ)9 BLAST 56'(1µ)7)14;&"1 ,1" &' (<,.61(' µ;"9 ".)+)/0;"9 µ4 

".)+)/0;49 7)/ 746135)#&"1 (4 µ;" =8(' >4>)µ3#-#, 3541 "651.8 "#"7&/504; ."1 

>1"&'64;&"1 "7* &) NCBI (National Center for Biotechnology Information) "++8 +*,- 

&)/ *&1 >1"&;04&"1 4+4<046", /7865)/# 4.>*(419 &)/ ."1 (4 8++49 "#&;(&)1549 =8(419. 

?7865)/# 7)++39 7"6"++",39 &)/ 76),68µµ"&)9 (blastn, blastp, blastx, tblastn, tblastx, 

tblastn2, BLAST2, MEGABLAST, PSI-BLAST, PHI-BLAST, RPS-BLAST ..+.7.), )1 

)7);49 4.&4+)<# >1"@)64&1.39 46,"(;49, 7.5. &) blastp (/,.6;#41 µ;" "µ1#)A1.% 

".)+)/0;" µ4 4.4;#49 7)/ 746135)#&"1 (4 µ;" =8(' >4>)µ3#-# 76-&4B#1.2# ".)+)/012# 

((<,.61(' 76-&4C#'9 µ4 76-&4C#49). 

 

 

2.6.2.2 5/%%$6%7 &*0*#")µµ1+, $./%/*012(   
 

! 7)++"7+% (&);51(' "µ1#)A1.2# ".)+)/012# "7)&4+4; 3#" ('µ"#&1.* 46,"+4;) 

,1" &' µ4+3&' &-# 76-&4B#2#, ."029 7"63541 7+'6)@)6;49 (54&1.8 µ4 µ)&;=" ()µ8>49) 

(/#&'6'µ3#-# ."&"+);7-# 7)/ 04-6)<#&"1 ('µ"#&1.8 ,1" &' (&"046*&'&" &'9 >)µ%9 

&-# 76-&4B#2# ."1 &' +41&)/6,;" &)/9. :1 146"651.39 µ30)>)1 7)++"7+%9 (&);51('9,  

*7-9 &)  76*,6"µµ" CLUSTALW 7)/ "#"7&<50'.4 (&) EBI (European Bioinformatics 

Institute), "7)&4+)<# µ;" 76".&1.% 76)(3,,1(' 7)/ >;#41 ".61=% "7)&4+3(µ"&". 

D8(41 &-# "#8 ><) 4/0/,6"µµ;(4-# &-# /7* 4A3&"(' ".)+)/012#, &) 

76*,6"µµ" CLUSTALW /7)+),;$41 3#" µ3&6) &'9 )µ)1*&'&89 &)/9 (,4#4&1.% 

"7*(&"(') ."1 56'(1µ)7)12#&"9 &' µ30)>) Neighbor-Joining ."&"(.4/8$41 3#" >3#&6) 

)>',* (guide tree) &)7)04&2#&"9 71) .)#&8 &19 ".)+)/0;49 µ4 &' µ4,"+<&46' )µ)1*&'&". 

E" $4<,' &-# 7+'(13(&46-# ".)+)/012# 4/0/,6"µµ;$)#&"1 µ4 &' 56%(' >/#"µ1.)< 

76),6"µµ"&1(µ)< ."1 )1 4/0/,6"µµ;(419 7)/ 76).<7&)/# (&)15;$)#&"1 µ4 8++49 
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!"#"$%&µµ'(!)* + ,--!* &./-/"#'!* (0µ123& µ! 4/ 5634%/-/57$8 .&) µ69%) 3& 

57µ)/"%$7#!' 7 :-+%7* :/--&:-+ (4/'9)(7. ;!3, :/" ":,%9/"3 (! µ'& !"#"$%,µµ)(7 

5)&47%/034&) (4)* !"#"$%&µµ'(!)* :/" &./-/"#/03. </ CLUSTALW 9%7()µ/:/)!' 

5)&1/%!4)./0* :'3&.!* ":/.&4,(4&(7* =,(!) 47* &3&µ!38µ!37* &:8(4&(7* 423 

&./-/"#)>3 .&) 5)&1/%!4).6* :/)36* $)& 473 !)(&$2$+ .!3>3 =,(!) 47* #6(7* 4/"* (7 

!)(&$2$+ !38* .!3/0 5':-& (! 63& ("347%7µ63/ "5%81/=/ .&4,-/):/ + :/-0 ./34, (! 

63& ,--/ .!38 ("3!:,$!4&) µ!$&-04!%7 :/)3+) .&) !:)4%6:!) 47 9%+(7 :-7%/1/%'&* 

(9!4)., µ! 47 5!"4!%/4&$+ 5/µ+ 423 :%24!?3>3 $)& 473 !)(&$2$+ 423 .!3>3. @!5/µ637* 

47* :%/(:,#!)&* %0#µ)(7* 423 :&%&µ64%23 4/" CLUSTALW $)& 63& !"%0 1,(µ& 

:%/=-7µ,423 :/--&:-+* !"#"$%,µµ)(7*, 4& &:/4!-6(µ&4, 4/" !'3&) .&4, µ6(/ 8%/ 

("$.%'()µ& µ! !.!'3& ,--23 µ!#8523 :/" !:)9!)%/03 473 !0%!(7 47* µ&#7µ&4)., 

=6-4)(47* (4/'9)(7*.  

A) &--7-/"9'!* !"#"$%&µµ'(47.&3 µ! 47 9%+(7 4/" :%/$%,µµ&4/* :/--&:-+* 

!"#"$%,µµ)(7* CLUSTALW Multiple Sequence Alignment Program (Larkin et al., 

2007) (http://www.ebi.ac.uk/Tools/clustalw/), µ! 4)* :%/!:)-!$µ63!* :&%&µ64%/"* :/)3+ 

!µ1,3)(7* .!3/0 (gap open penalty): 10,0, :/)3+ !:6.4&(7* .!3/0 (protein gap extension 

penalty): 0,2 .&) :'3&.&* ":/.&4&(4,(!23: Gonnet. 

 

 

2.6.2.3 !"#$"%µµ% GenDoc 
 

B./-/0#7(! 7 /:4)./:/'7(7 47* !"#"$%,µµ)(7* 423 &--7-/"9)>3, µ! 9%+(7 4/" 

:%/$%,µµ&4/* GenDoc (Nicholas et al., 1997) (http://www.nrbsc.org/gfx/ genedoc). 

</ :%8$%&µµ& GenDoc 5'3!) 47 5"3&48474& µ/%1/:/'7(7* !"#"$%&µµ)(µ6323 

&µ)3/C).>3 &--7-/"9)>3, 8:2* 69/"3 :%/.0D!) µ!4, 47 9%+(7 :%/$%&µµ,423 

!"#"$%,µµ)(7*.  E:/%!' 3& $'3!) /:4)./:/'7(7 $)& :&%,5!)$µ& µ! 9%2µ&4)(µ8 423 

.&4&-/':23, =,(7 423 1"()./97µ).>3 4/"* )5)/4+423.  
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2.7 !"µ#$% µ&'()* 
 
 
2.7.1 !&+"µ(,-  ).#/+#0/)-)1,  +"µ2,  
 

!"#$%&'($#" )*+, -. /-µ0, %(, 2-*#$%-12#.34"(, $#. 15µ6*)$7" %(, #6) %( 

891( /+/-µ0"7" RCSB (Research Collaboratory for Structural Bioinformatics) PDB 

(Protein Data Bank) (Berman et al., 2000)  (http://www.pdb.org).  

: PDB #6-%+*+4 %( µ-"#/.$& 891( /+/-µ0"7" 6#;$-1µ47, )6-5 +4"#. 

$#%#%+'+.µ0"+, -. %3.1/.91%#%+, /-µ0, 8.-*-;.$<" µ#$3-µ-347". =/3>'($+ %- 1971 1%# 

BNL (Brookhaven National Laboratories) %7" :?! $#. #3@.$9 6+3.+*9µ8#"+ 7 /-µ0, 

µ#$3-µ-347" )67, #5%0, 63-0$5A#" #6) $351%#**-;3#2.$0, µ+*0%+,. B 35'µ), 

#>C(1(, %7" +;;3#2<" 1%( /+$#+%4# %-5 '70 &%#" 6-*> µ.$3),. !6) %- 1980 $#. µ+%9 

*);7 %(, %+@"-*-;.$&, +C0*.C(, 1+ $9'+ 1%9/.- %-5 63-1/.-3.1µ-> /-µ<" - 35'µ), 

63-1'&$(, /+/-µ0"7" 1%( 891( #5C&'($+ /3#µ#%.$9. ?*0-" 6+3.*#µ89"-"%#. $#. 

/-µ0, )67, 63-$>6%-5" µ+ 2#1µ#%-1$-64# ?53(".$-> D#;"(%.$-> E5"%-".1µ-> 

(NMR). E&µ+3# (B$%<83.-, 2010), ( PDB 6+3.*#µ89"+. 68840 /-µ0, 8.-µ-347". B. 

+;;3#20, 1%( 891( +$%), #6) %., 15"%+%#;µ0"+, %7" #%)µ7" 6-5 #6#3%4F-5" %( /-µ& 

6+3.*#µ89"-5" $#. +6.63)1'+%# 8-('(%.$9 1%-.@+4# )67, 8.8*.-;3#2.$0, #"#2-30,, 

*+6%-µ03+.+, ;.# %-" 63-1/.-3.1µ) %(, /-µ&, $#'<, $#. 9**# 1%-.@+4# 6-5 63-$>6%-5" 

#6) %( 15;$+$3.µ0"( /-µ&. G9'+ /-µ& 63-%-> /.#%+'+4 1%- $-.") 5241%#%#. 0*+;@- ;.# 

%(" -3')%(%9 %(, µ+ %( @3&1( +./.$-> *-;.1µ.$->. E%( 15"0@+.# +2)1-" 6+391+. %., 

/-$.µ0, µ+ +6.%5@4# #6-$%9 0"# @#3#$%(3.1%.$) $7/.$) $#. 63-1%4'+%#. 1%( 891(. 

E%-" 34,-$- 2.6 6#3#%4'+"%#. -. /-µ0, 6-5 +6.*0;@'(1#" "# µ+*+%('->". 

H4"+%#. - $7/.$), $#%#@<3(1(, %(, /-µ&, 1%( 891( /+/-µ0"7" PDB (PDB ID), - 

-3;#".1µ), #6) %-" -6-4- 63-03@+%#., %- 56)1%37µ# -#" 5693@+.- %- pH, ( 5A(*)%+3( 

/.#$3.%.$)%(%# (resolution) %7" 6+.3#µ#%.$<" /+/-µ0"7" 6-5 -/&;(1#" 1%-" 

63-1/.-3.1µ) %(, %3.1/.91%#%(, /-µ&, 1+ Å $#. ( 8.8*.-;3#2.$& #"#2-39. 
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!"#$%$& 2.6  !" #$µ%& '() *+') #,#$µ%-.- RCSB PDB ()& 2-/01($'20"34-)& 10" 
'5µ6/71.- ()& 067 (0 ,4#) 8)/0'("19- 6$5 µ,/,(:8)10-.  

PDB 
ID '"()& *+,-./0µ$ pH 12$%/2.2%,.3.$ 

(Å) 
42562)7/$82%9 

:#$8)/; 

3NPO Bos taurus (;<,/+#0, Bovine)  7,5 2.20 Loch et al., 2010 

3NQ3 B. taurus (;<,/+#0, Bovine) Capric acid 7,5 1.90 Loch et al., 2010 

3NQ9 B. taurus (;<,/+#0, Bovine) Caprylic acid 7,5 1.90 Loch et al., 2010 

2GJ5 B. taurus (;<,/+#0, Bovine) Vitamin D3 (VD3) 7,5 2.40 Yang et al., 2008 

1GX8 B. taurus (;<,/+#0, Bovine) Retinol (RTL) 7,3 2.40 Kontopidis et al., 2002 

1GX9 B. taurus (;<,/+#0, Bovine) Retinoic acid (REA) 7,3 2.34 Kontopidis et al., 2002 

1GXA B. taurus (;<,/+#0, Bovine) Palmitic acid (PLM) 7,3 2.35 Kontopidis et al., 2002 

1B0O B. taurus (;<,/+#0, Bovine) Palmitic acid (PLM) 7,5 2.50 Wu et al., 1999 

1BSO B. taurus (;<,/+#0, Bovine) 
12-bromododecanoic 

acid (BRC) 
7,3 2.23 Qin et al., 1998 

1YUP 
Rangifer tarandus tarandus 

(=+30-#$&, Reindeer) 
 6,0 2.10 Oksanen et al., 2006 

1EXS Sus scrofa (>$43$&, Pig)  3,2 2.39 
Hoedemaeker et al., 

2002 

 
 
 
2.7.2 1)µ2%9 -.)"<2-3 

 
!" 0/<73"8µ$" 6$5 ?3)'"µ$6$":8)10- 03?"1+ <"0 () '@<13"') 63.(,A-"19- 

#$µ9- *0'4B$-(0- '()- apriori '($4?"') (.- 0µ"-$C"19- 01$/$58"9- (.- 567 '@<13"') 

(3"'#"+'(0(.- #$µ9- : 6,3"$34B$-(0- ', #$µ%& µ, µ,<+/) 0µ"-$C"1: $µ$"7()(0. 

D:µ,30, 56+3?$5- 05(7µ0(,& µ%8$#$" #$µ"1:& '($4?"')& 6$5 ?3)'"µ$6$"$@-(0" 067 

#"+2$30 56$/$<"'("1+ 601%(0 63$<30µµ+(.- 10" ?3)'"µ$6$"$@- #"02$3,("1%& 

0-06030'(+',"& ()& #$µ:&, µ%(30 #$µ"1:& $µ$"7()(0& 10" 0/<$348µ$5& *,/("'($6$4)')& 

10" ,203µ7B$-(0" <"0 ()- 0-0B:()') µ"0& #$µ:& %-0-(" µ"0& *+')& #,#$µ%-.- 

(0C"-7µ)')& 63.(,A-"19- #$µ9- : <"0 () '@<13"') #@$ 63.(,A-9-. 
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!"#$ %&' ()"#*& +,"-.#/' 0#,%&#1/' "*,23.4&5&6 %&6 7)8#9:5&6 +(2 +2µ;' < 

0", =, & µ85& %:%#"4/',0> ").03,5& (Root Mean Square, RMS) )"#"µ8':, %2 0(#,2 

µ8%#2 ):#,4#"->6 %&6 +2µ,0>6 2µ2,.%&%"6 µ:%"*( +(2 )#/%:?';'. @A27' )#2%"9:1 +(2 

:1+& RMS ")20315:/': 

B cRMS ").03,5& 2#1C:%", /6: 

 

( )!
=

"=
N

i

ii yx
N

cRMS
1

21
 

.)27, 

N :1'", 2 "#,9µ.6 %/' "%.µ/' )27 5%2,A1C2'%", 5%,6 +(2 +2µ86 0",  

xi, yi 2, 57'%:%"4µ8':6 %27 "%.µ27 i 5%,6 +2µ86 A 0", =, "'%15%2,A". 

 

B dRMS ").03,5& 2#1C:%", /6: 

 

( )!!
"

= +=

"
"

=
1

1 1

2

)1(

1 N

i

N

ij

B

ij

A

ij dd
NN

dRMS  

.)27, 

dij
A 0", dij

B :1'", 2, ")25%$5:,6 µ:%"*( %/' "%.µ/' i 0", j 5%,6 +2µ86 A 0", = "'%15%2,A". 
 
 
 
 
2.7.2.1 !"#$"%µµ% &'µ()*+ ,-$)"(,.+ MATRAS 

 

H +2µ,0> 5(40#,5& %/' 0#75%"3324#"-,0$ )#25+,2#,5µ8'/' +2µ;' %&6                                     

2-3"0%25-",#1'&6 )#"4µ"%2)2,>9&0: µ: %& A#>5& %27 )#24#$µµ"%26 MATRAS 

(Kawabata, 2003 0", Kawabata et al., 2000) (http://biunit.naist.jp/matras/).  

 D"%$ %& 5(40#,5& %#,5+,$5%"%/' +2µ;' µ: %& µ892+2 MATRAS, & %,µ> %&6 

+2µ,0>6 2µ2,.%&%"6 (S, structure similarity score) )#20()%:, E$5:, :'.6 µ2'%8327 

:*$#%&5&6  Markov 0", E"51C:%", 5%2' "0.32792 %()2: 
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!"#$, 

i %&'  j ()*&' #' %&+&,+-,('. +/* ,$0%(%1'µ2*/* 3#µ'%4* ,+#'5()/*,  

P ( j) ()*&' 6 "'7&*!+6+& 6 %&+-,+&,6  j *& (µ8&*)9(+&' +$5&)& %&' 

P(i ! j) ()*&' 6 "'7&*!+6+& 6 %&+-,+&,6 i *& &::-9(' ,( %&+-,+&,6  j %&+- +6 3'-1%('& 

+6. (;2:';6.. 

< #1',µ!. +6. +'µ=. 3#µ'%=. #µ#'!+6+&. µ#'-9(' µ( &$+!* +6. $"#%&+-,+&,6. 

&µ'*#;2/* +#$ µ#*+2:#$ Dayhoff. > ($7$01-µµ',6 0)*(+&' µ( '(1&15'%= µ27#3# 

"#::&":=. ($7$01-µµ',6. ($1',+'%#? &:0#1)7µ#$, %&+- +6* #"#)& +& ,+#'5()& +6. 

3($+(1#+&0#?. 3#µ=. (SSES, secondary structure elements) ($7$01&µµ)9#*+&' "14+& %&' 

,+6 ,$*25('&, ($7$01-µµ',6 @&,',µ2*6 ,( 2*& %&+-:#'"# (%+(:()+&' ("&*&:6"+'%- µ( 

51=,6 +6. "1#60#?µ(*6. ($7$01-µµ',6.. 

 
 
2.7.3 !"#$"%µµ% %&'()#*(+,- PyMOL  
 

A1&0µ&+#"#'=76%( &"('%!*',6 +/* 3#µ4* µ( 51=,6 +#$ "1#01-µµ&+#. PyMOL 

(http://www.pymol.org) (DeLano, 2008).  

B# PyMOL &"#+(:() 2*& (10&:()# &"('%!*',6. 0'& 51=,6 ,( µ(:2+(. 3#µ'%=. 

@'#:#0)&. +# #"#)# "&1-0(' $C6:=. "#'!+6+&. +1',3'-,+&+(. ('%!*(. µ'%14* µ#1)/* %&' 

@'#:#0'%4* µ&%1#µ#1)/*.  
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3. !"#$%&%'(!$!  
 
 
3.1 )*+,-.//0,1 
 

!" #$%&'()* #+"* ,-,.)* µ-,/). %0 )-"+)$1&). 2 (/$#+3445#2 +2* 6$#"('*                           

1-40(+,#60"/.%2* (native 1-lactoglobulin) ).%0" '72 8%5#+9* 0-: +2 ;";4",8/06.0. !" 

#$%&'()* (/$#+3445#2* -,$ )-"4981&2(0% 0/1"(3 ,7'82#0% #+,% (0+3 -/,#988"#2 

-/,#7",/"#µ: #$%&2(<% (0" 0(,4,=&2#0% 7,("µ9* 8"0 %0 )%+,-"#+,=% ," ;94+"#+)* 

#$%&'()* (/$#+3445#2* 8"0 +, #$8()(/"µ9%, -)./0µ0, +:#, 8"0 +2 ;)4+.5#2 +2* 

-,":+2+0* :#, (0" +2* µ,/6,4,8.0* +5% (/$#+3445%. >0 -)"/3µ0+0 (/$#+3445#2* 

98"%0% µ) +2 µ9&,7, +2* 7"31$#2* 0+µ<% (vapor diffusion) (0" +"* +)1%"(9* +2* 

(/)µ3µ)%2* #+08:%0* (hanging drop) (0" +2* )-"(0&'µ)%2* #+08:%0* (sitting drop). ?) 

#$%&'()* 0%3-+$@2* pH 7,3 µ) /$&µ"#+"(: 7"34$µ0 0,1A Hepes (0" #$8(9%+/5#2 

(0+0;$&"#+' 2,6M (NH4)2SO4  #) &)/µ,(/0#.0 )-<0#2* 18°C, (/=#+044," (234567 

3.1) )µ60%.#+2(0% +2% +/.+2 2µ9/0 (0" 96&0#0% #+, +)4"(: +,$* µ98)&,* (7"0#+3#)"* 

-)/.-,$ 0,2mm x 0,2mm x 0,35mm), µ)+3 +2% -3/,7, #1)7:% 7=, );7,µ375%. B.10% 

#1'µ0 /:µ;,$, 15/.* %0 -0/,$#"3C,$% 0+94)")* #+"* 0(µ9* +,$* (234567 3.2). !" 

(/=#+044," -,$ 0%0-+=1&2(0% #) 0$+9* +"* #$%&'()* '+0% 0-4,. µ,%,(/=#+044," (0" 

(0+’ )-9(+0#2 (/=#+044," 1/'#"µ," 8"0 (/$#+044,8/06"(' µ)49+2 +,$* µ) 0(+.%)*-D. E 

-0/0+'/2#2 +5% (/$#+3445% -,$ #12µ0+.#&2(0% 98"%) #) #+)/),µ"(/,#(:-",. O 

94)81,* +5% 0-,+)4)#µ3+5% +5% (/$#+044<#)5% 98"%) #+"* 48 </)*, 3 2µ9/)*, 5 

2µ9/)*, 7 2µ9/)*, 10 2µ9/)*, 15 2µ9/)* (0" µ)+3 0(,4,=&2#) 2 -0/0+'/2#' +,$* 0%3 

);7,µ370. ?) #$%&'()* 0%3-+$@2* pH 7,7 µ) /$&µ"#+"(: 7"34$µ0 0,1M Tris (0" 

#$8(9%+/5#2 (0+0;$&"#+' 2,5M (NH4)2SO4 #) &)/µ,(/0#.0 )-<0#2* 18°C, 

-0/0+2/'&2() , #12µ0+"#µ:* -)/"##:+)/5% -$/'%5% (/$#+3445#2* (234567 3.3). 

>0 -)"/3µ0+0 (/$#+3445#2* -/08µ0+,-,"'&2(0% µ) 0-<+)/, #+:1, +,% 

-/,#7",/"#µ: +2* 7,µ'* µ) (/$#+044,8/06.0 0(+.%5%-D. 
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!"#$%& 3.1  !"#$%&''() 1-'&*%($+&)",-./, ($0 $1-23*0/ &-45%16./ 2,6M (NH4)2SO4, 
0,17 Hepes, pH 7,3 µ0 %. µ82(9( %./ *"0µ4µ0-./ $%&:;-&/, 20"µ(*"&$,& 05<&$./ 
18°C). 

 
 
 
 
 

 
!"#$%& 3.2 !"#$%&''(/ 1-'&*%($+&)",-./, +=%(:"&+,& >=",/ >"3$. 5('=%3 +=%;/ 
($1-23*0/ &-45%16./ 2,6M (NH4)2SO4, 0,17 Hepes, pH 7,3 µ0 %. µ82(9( %./ 
*"0µ4µ0-./ $%&:;-&/, $0 20"µ(*"&$,& 05<&$./ 18°C, 9)&$%4$0)/ *"1$%4''(1 0,16mm 
x 0,16mm x 0,25mm). 
 
                                                             

 

 

 

!"#$%& 3.3 !"#$%&''() 1-'&*%($+&)",-./. ?>.µ&%)$µ;/ 51"3-=- *"1$%4''=$./ ($0 
$1-23*0/ pH 7,7 µ0 "12µ)$%)*; 9)4'1µ& 0,1M Tris *&) $1:*8-%"=$. *&%&@12)$%3 2,5M 
(NH4)2SO4   $0 20"µ(*"&$,& 05<&$./ 18°C). 
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3.2 !"#$%&''()"&*+&                   
                        
                

! "#$$%&' ()(%µ*+,+ -)./0$1"23 1-4 5.#"67$$%#3 623 1-$156%"819./+23, 

-.1&µ16%-%9'025) 1-4 µ*$2 6%# ).&1"62./%# :#"95'3 "6% ";&<.%6.%+ (Synchrotron) 

DESY, =156;$9%3 DORIS III, 6%# 9+"696%;6%# EMBL -%# >./"5)619 "6% ?µ>%;.&% 623 

@).µ1+/13, "62 &.1µµ' 1569+%>%$/13 (beamline) X13, (µ'5%3 5;µ16%3 -.%"-/-6%#"13 

1569+%>%$/13 $=0,8123Å) (,+-&.&/ 3.1).  

 

 

,+-&.&/ 3.1 A1.1562.9"6957 623 &.1µµ'3 1569+%>%$/13 "6% ";&<.%6.%+ DESY. 
Synchrotron DESY/EMBL/?µ>%;.&% 

=156;$9%3 DORIS III 
@.1µµ' ?569+%>%$/13 A13 

B'5%3 C;µ16%3 D.%"-/-6%#"13 
?569+%>%$/13 ($) 

0,81 Å 

?+9<+)#6'3 Image plate 
MAR CCD 165mm 

 

 

E1 ()(%µ*+1 5161&.78251+ ") 1+9<+)#6' (/"5%# )9(F$%# (imaging plate) 623 

MAR Research  µ) (97µ)6.% 165mm. ! 1-4"61"2 6%# 1+9<+)#6' 1-4 6%+ 5.;"61$$% 

'61+ 184 mm. C161&.78251+ 105 )954+)3 -)./0$1"23 (01.2-& 3.4), µ) #G2$46).2 

(915.9695' 951+46261 1,96Å (data, high resolution limit), -%# -.%'$01+ 1-4 "#+%$95' 

-).9"6.%8' 6%# 5.#"67$$%# 5167 105° µ) >'µ1 1°. ! "#$$%&' ()(%µ*+,+ *&9+) ") 

0).µ%5.1"/1 100 C ") .);µ1 1HF6%#. I 5.;"61$$%3 )/<) 1+1-6#<0)/ ") pH 7,3 µ) 

.#0µ9"6954 (97$#µ1 0,1M Hepes 2,6M (NH4)2SO4 , 0).µ%5.1"/1 )-F1"23 18°C 519 )/<) 

(91"67")93 -)./-%# 0,2mm x 0,2mm x 0,35mm. 
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!"#$%& 3.4 !"#$%&' &(")*+,-./ 0"%-$1++'% 1-+,0$'-2,3")4./, &'% µ($"5*.0( -$'%/ 
1006, -$. 7",µµ5 ,0$34'8'+),/  913 (DESY/EMBL/:µ8';"7'). 

 

 

 

 

3.2.1 '()"#* +,+-+(.&/0& 12%  3+34µ5%2%  

  

< '+'0+5"=-. $=4 µ(7)-$=4 &(")*+,-./ 0,3 . ,4,7=75 $'%/ -( 0'345 0+)µ,0, 

>734( µ( $' &"#7",µµ, MOSFLM. ?)4,3 >4, &"#7",µµ, 73, $.4 (&(@("7,-), A(A'µ>4=4 

&(")*+,-./, ,&# µ3, (%"(), &'303+), -;7B"'4=4 ,43B4(%$C4, &.B. ,&# Mar Research, 

Rigaku/MSC, ADSC, DIP 0.+&. 

D$'4 ,0%&#& 3.2  &,"'%-31E'4$,3 $, -$,$3-$301 ,&'$(+>-µ,$, ,&# $.4 

(&(@("7,-), $=4 &(3",µ,$30C4 A(A'µ>4=4 &(")*+,-./. F3 A3,-$1-(3/ $./ µ'4,A3,),/ 

0%G(+)A,/ ()4,3 a=b=53,16Å,  c= 112,28Å   ,=8=90°, 7=120°. !3*,45 'µ1A, BC"'% 

()4,3 . P3221, &'% ,450(3 -$' $"37=430# 0"%-$,++30# -;-$.µ,.  H(4 %&1"B'%4 

-%-$.µ,$30>/ ,&'%-)(/ -$' A317",µµ, &(")*+,-./ -$.4 'µ1A, -%µµ($"),/ BC"'% 

(Hahn, 1983, International Tables for Crystallography, Vol A).  
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!" #$%&'$( $%)*" &*+,% &*" ', R-merge $%)*" "&*),-,".'"&/. 0-,+,1%2$'*", /µ3(, 

45.+6 '"µ6 '.( µ37*8&/'.'*( ',4 &947':++,4 (1,17). ; -+.9/'.'* '3) #$#,µ<)3) 7', 

7=),+, '.( -*9*'.9.>$%7*( #"*&9"'"&/'.'*( $%)*" ?*µ.+6 (78,5%), $@*"'%*( ',4 

-$9",9"7µ<),4 *9">µ,= $"&/)3) -$9%>+*7.( -,4 $+6A>.7*) &*" $-,µ<)3( '* #$#,µ<)* 

#$) >$39,=)'*" "&*),-,".'"&: 1"* ',) -+69. &*" *&9"B6 -9,7#",9"7µ/ '.( 

'9"7#":7'*'.( &947'*++"&6( #,µ6(. C* #$#,µ<)* *4': ?9.7"µ,-,",=)'*" 1"* '.) 

*@",+/1.7. '.( 7&$#*7'"&6( "&*)/'.'*( ',4 &947':++,4 &*" 1"* -9,&*'*9&'"&6 µ$+<'. 

'.( #,µ6(.   

 

!"#$%$&  3.2  D'*'"7'"&: *-,'$+<7µ*'* '.( $-$@$91*7%*( '3) #$#,µ<)3) -$9%>+*7.( 
µ$ ', -9/19*µµ* MOSFLM 

!'()$µ$*(%+ ,',-µ.#$ 

 D4),+"&: E73'$9"&/( 
A+,"/( 

E@3'$9"&/( 
A+,"/( 

F9", ?*µ.+6( #"*&9"'"&/'.'*(: 29,04 29,04 2,06 
F9", 45.+6( #"*&9"'"&/'.'*(: 1,96 6,19 1,96 
D4)'$+$7'6( D41?G)$47.( 
(Rmerge) 

 
0,062 

 
0,036 

 
0,425 

Rmerge in top intensity bin   0,033 - - 
Rmeas (within I+/I-)       0,072 0,043 0,499 
Rmeas (all I+ & I-)  0,074 0,054 0,496 
Rpim (within I+/I-) 0,036 0,024 0,255 
Rpim (all I+ & I-)    0,029 0,024 0,201 
Fractional partial bias  -0,025 -0,026 -0,129 
D4),+"&/( *9">µ/( *)*&+:7$3)  62442 2386 4047 
H9">µ/( *)$@*9'6'3) *)*&+:7$3) 10926 478 844 
Mean((I)/sd(I))                         11,1 19,2 3,3 
I+.9/'.'* %  78,5 93,2 43,1 
I,++*-+/'.'* 5,7 5,0 4,8 
J"*7':7$"( µ,)*#"*%*( &45$+%#*(:   a=53,16  Å             *= 90,00º 

b=53,16  Å             B= 90,00º 
c=112,28 Å            1=120,00º 

!µ:#* 74µµ$'9%*( ?G9,4: P3221    
M37*8&/'.'*:     1,17 
Minimum and maximum SD 
correction factors: Partials 

   
 0,76      911,14 

K<1"7'. J"*&9"'"&/'.'*:  1,96 Å 
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3.3 !"#"$%&' &(% )*µ%&' µ"+,$- $-. /,0-. ),0µ"10-. (binding site) 

 

! "#$$%"$& '(#)*+', (-. %µ+.#/+01. %0#$#23+1., µ4 (, *5&', (#2 

"5#657µµ%(#8 CLUSTALW "%5#2'+794(%+ '(#. 23#(&( 3.3 , , #"(+0#"#),', (,8 

4232657µµ+',8 (-. %$$,$#2*+1. :6+.4 µ4 *5&', (#2 "5#657µµ%(#8 GenDoc. ! 

%5)3µ,', (-. %µ+.#/+01. 0%(%$#)"-. "#2 %0#$#234) %.(+'(#+*4) '(, 3:', (#28 '(,. 

"5-(4;.+0& %0#$#23)% µ4(7 (,. %"#0#"& (#2 "4"(+<)#2 #<,6#=, >"-8 :*4+ "%5#2'+%'(4) 

'(# '*&µ% 1.4 0%+ , #.#µ%')% (#28 <).4(%+ 6+% (#. %$$,$>µ#5?# @ (,8 %64$%<+.&8 BLG. 

A% %µ+.#/:% <).#.(%+ µ4 <+%?#54(+0> *51µ% 65%µµ%(#'4+578 -8 %0#$#=3-8: µ4 

0>00+.#, (% >/+.% %µ+.#/:% (E & Glu, D & Asp) (% #"#)% 4).%+ %5.,(+07 ?#5(+'µ:.%, µ4 

µ"$4 (% B%'+07 %µ+.#/:% (K & Lys, R & Arg, H & His) (% #"#)% 4).%+ 34(+07 ?#5(+'µ:.%, 

µ4 "57'+.# (% "#$+07 %µ+.#/:% (N & Asn, Q & Gln, S & Ser, T & Thr, Y & Tyr), µ4 µ%=5# 

>$% (% 2">$#+"% µ, "#$+07 %µ+.#/:% (A & Ala, V & Val, L & Leu, I & Ile, P & Pro, F & 

Phe, M & Met, W & Trp, G & Gly, C & Cys). 

H <#µ+0& '=605+', (-. 052'(%$$#65%?+07 "5#'<+#5+'µ:.-. <#µ1. (,8                      

1-$%0(#'?%+5).,8 "5%6µ%(#"#+&3,04 µ4 (, *5&', (#2 "5#657µµ%(#8 MATRAS. 

C.%6.-5)'(,0%. (% %µ+.#/+07 0%(7$#+"% (,8 1-$%0(#'?%+5).,8 (,8 "45+#*&8 (,8 0=5+%8 

3:',8 <:'µ42',8, '(#. 07$20%. ! <#µ+0& 2":534', (-. µ#.#µ451. 052'(%$$+01. 

<#µ1. (,8 1-$%0(#'?%+5).,8 "#2 4"+$:6*3,'%. .% µ4$4(,3#=. <).4(%+ '(,. "%&4#( 3.5 

0%318 0%+ '(,. "%&4#( 3.6  '(+8 #"#)48 %"#0%$="(#.(%+ (% %µ+.#/+07 0%(7$#+"% "#2 

µ4(:*#2. '(,. 0#+$>(,(% <:'µ42',8. 

A% %µ+.#/+07 0%(7$#+"% %.&0#2. '4 (54+8 91.48. ! 91., D 4'-(45+07 '(# B73#8 

(#2 07$20% *5-µ%()94(%+ µ4 6%$79+#, , 91., DD 4.<+7µ4'% µ4 "57'+.# 0%+ , 91., DDD 

4/-(45+07 µ4 "#5(#0%$). E4 0>00+.# *5-µ%()9#.(%+ (% 2"#'(51µ%(%. F(,. "%&4#( 3.7  

<).4(%+ :.% *-5#"$,5-(+0> µ#.(:$# (,8 1-$%0(#'?%+5).,8 "#2 "%5#2'+794(%+ , 

0#+$>(,(% <:'µ42',8. G+ (54+8 91.48 (#2 07$20% 2"#<4+0.=#.(%+ '(#. 23#(&( 3.3  µ4 

<+%?#54(+0> *51µ% '(# ?>.(#, 6%$79+# 6+% (, B%3=(45, 91., D, "57'+.# 6+% (,. 

4.<+7µ4', 91., DD 0%+ "#5(#0%$) 6+% (,. 4/-(45+0& 91., DDD. 
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!"#$%$& 3.3  !"##$%#& '()(*+,µµ-./ 012 $##/#"(3-42, µ' 3+&./ 0"( %+"*+,µµ$0"5 
CLUSTALW. 
P02754 Bos taurus L I V T Q T M K G L D I Q K V A G T W Y S L A M A A S D I S L L D A Q S A P L R V Y V E 44

B5B0D4 Bos taurus L I V T Q T M K G L D I Q K V A G T W Y S L A M A A S D I S L L D A Q S A P L R V Y V E 44

Q0PNH9 Bubalus bubalis I I V T Q T M K G L D I Q K V A G T W Y S L A M A A S D I S L L D A Q S A P L R V Y V E 44

C3W955 Bubalus bubalis I I V T Q T M K G L D I Q K V A G T W Y S L A M A A S D I S L L D A Q S A P L R V Y V E 44

P02755 Bubalus bubalis I I V T Q T M K G L D I Q K V A G T W Y S L A M A A S D I S L L D A Q S A P L R V Y V E 44

Q00P86 Rangifer tarandus tarandus I I V T Q T M K D L D V Q K V A G T W Y S L A M A A S D I S L L D A Q S A P L R V Y V E 44

P67975 Ovis orientalis musimon I I V T Q T M K G L D I Q K V A G T W H S L A M A A S D I S L L D A Q S A P L R V Y V E 44

P67976 Ovis aries I I V T Q T M K G L D I Q K V A G T W H S L A M A A S D I S L L D A Q S A P L R V Y V E 44

P02756 Capra hircus I I V T Q T M K G L D I Q K V A G T W Y S L A M A A S D I S L L D A Q S A P L R V Y V E 44

P02758 Equus caballus T N I P Q T M Q D L D L Q E V A G K W H S V A M A A S D I S L L D S E S A P L R V Y I E 44

P07380 Equus caballus T D I P Q T M Q D L D L Q E V A G R W H S V A M V A S D I S L L D S E S V P L R V Y V E 44

P13613 Equus asinus T N I P Q T M Q D L D L Q E V A G K W H S V A M A A S D I S L L D S E E A P L R V Y I E 44

D6QX31 Equus asinus T D I P Q T M Q D L D L Q E V A G R W H S V A M V A S D I S L L D S E S A P L R V Y V E 44

P19647 Equus asinus T D I P Q T M Q D L D L Q E V A G R W H S V A M V A S D I S L L D S E S A P L R V Y V E 44

D6QX32 Equus asinus T D I P Q T M Q D L D L Q E V A G R W H S V A M V A S D I S L L D S E S A P L R V Y V E 44

P21664 Felis catus A T L P P T M E D L D I R Q V A G T W H S M A M A A S D I S L L D S E T A P L R V Y V Q 44

P33688 Felis catus A T V P L T M D G L D L Q K V A G T W H S M A M A A S D I S L L D S E Y A P L R V Y V Q 44

P33687 Felis catus A T V P L T M D G L D L Q K V A G M W H S M A M A A S D I S L L D S E T A P L R V Y V Q 44

P33685 Canis familiaris I V V P R T M E D L D L Q K V A G T W H S M A M A A S D I S L L D S E T A P L R V Y I Q 44

P33686 Canis familiaris I V I P R T M E D L D L Q K V A G T W H S M A M A A S D I S L L D S E T A P L R V Y I Q 44

P04119 Sus scrofa V E V T P I M T E L D T Q K V A G T W H T V A M A V S D V S L L D A K S S P L K A Y V E 44

Q7M2T0 Tursiops truncatus V S V I R T M E D L D I Q R V A G T W H S V A M A A S D I S L L D T E E A P L R V N V E 44

Q29614 Macropus eugenii V E N I R S K N D L G V E K F V G S W Y L R E A A K T - - - - M E F S I P L F D M D I K 40

P11944 Macropus giganteus V E N I R S K N D L G V E K F V G S W Y L R E A A K T - - - - M E F S I P L F D M D I K 40

Q29146 Trichosurus vulpecula I E N I H S K E E L V V E K L I G P W Y R V E E A K A - - - - M E F S I P L F D M N I K 40

O77511 Papio cynocephalus I N S P Q T M Q D V E L P K L A G T W H S M A M A A S D F S L L E T K E A P L R I Y I S 44  
 
P02754 Bos taurus E L K P T P E G D L E I L L Q K W - - - - - - - - E N G E C A Q K K I I A E K T K I P A 80

B5B0D4 Bos taurus E L K P T P E G D L E I L L Q K W - - - - - - - - E N D E C A Q K K I I A E K T K I P A 80

Q0PNH9 Bubalus bubalis E L K P T P E G D L E I L L Q K W - - - - - - - - E N G E C A Q K K I I A E K T K I P A 80

C3W955 Bubalus bubalis E L K P T P E G D L E I L L Q K W - - - - - - - - E N G E C A Q K K I I A E K T K I P A 80

P02755 Bubalus bubalis E L K P T P E G D L E I L L Q K W - - - - - - - - E N G E C A Q K K I I A E K T K I P A 80

Q00P86 Rangifer tarandus tarandus E L K P T P G G D L E I L L Q K W - - - - - - - - E N G K C A Q K K I I A E K T E I P A 80

P67975 Ovis orientalis musimon E L K P T P E G N L E I L L Q K W - - - - - - - - E N G E C A Q K K I I A E K T K I P A 80

P67976 Ovis aries E L K P T P E G N L E I L L Q K W - - - - - - - - E N G E C A Q K K I I A E K T K I P A 80

P02756 Capra hircus E L K P T P E G N L E I L L Q K W - - - - - - - - E N G E C A Q K K I I A E K T K I P A 80

P02758 Equus caballus K L R P T P E D N L E I I L R E G - - - - - - - - E N K G C A E K K I F A E K T E S P A 80

P07380 Equus caballus E L R P T P E G N L E I I L R E G - - - - - - - - A N H A C V E R N I V A Q K T E D P A 80

P13613 Equus asinus K L R P T P E D N L E I I L R E G - - - - - - - - E N K G C A E K K I F A E K T E S P A 80

D6QX31 Equus asinus E L R P T P E G N L E I I L R E G - - - - - - - - A N H V C V E R N I V A Q K T E D P A 80

P19647 Equus asinus E L R P T P E G N L E I I L R E G - - - - - - - - A N H V C V E R N I V A Q K T E D P A 80

D6QX32 Equus asinus E L R P T P E G N L E I I L R E G - - - - - - - - A N H V C V E R N I V A Q K T E D P A 80

P21664 Felis catus E L R P T P R D N L E I I L R K R - - - - - - - - E N H A C I E G N I M A Q R T E D P A 80

P33688 Felis catus E L R P T P R D N L E I I L R K W - - - - - - - - E Q K R C V Q K K I L A Q K T E L P A 80

P33687 Felis catus E L R P T P R D N L E I I L R K W - - - - - - - - E D N R C V E K K V L A E K T E C A A 80

P33685 Canis familiaris E L R P T P Q D N L E I V L R K W - - - - - - - - E D G R C A E Q K V L A E K T E V P A 80

P33686 Canis familiaris E L R P T P Q D N L E I V L R K W - - - - - - - - E D N R C V E K K V F A E K T E L A A 80

P04119 Sus scrofa G L K P T P E G D L E I L L Q K R - - - - - - - - E N D K C A Q E V L L A K K T D I P A 80

Q7M2T0 Tursiops truncatus E L R P T P Q G D L E I F L Q K - - - - - - - - - - - - - - - - - - - - - E K T E I P A 67

Q29614 Macropus eugenii E V N L T P E G N L E L V L L E K - - - - - - - - - A D R C V E K K L L L K K T Q K P T 75

P11944 Macropus giganteus E V N L T P E G N L E L V L L E K - - - - - - - - - T D R C V E K K L L L K K T K K P T 75

Q29146 Trichosurus vulpecula E V N R T P E G N L E L I V L E Q - - - - - - - - - T D S C V E K K F L L K K T E K P A 75

O77511 Papio cynocephalus S L Q P T P E G N L E I V L R R W S Q K Q S P F R D S N Q C I E E K I I A E K T E N P I 88  
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!"#$%&'( )*#(+( 3.3  
P02754 Bos taurus V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E Q S - L A C Q 120

B5B0D4 Bos taurus V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E Q S - L V C Q 120

Q0PNH9 Bubalus bubalis V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E K A - W P A S 120

C3W955 Bubalus bubalis V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E Q S - L A C Q 120

P02755 Bubalus bubalis V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E Q S - L A C Q 120

Q00P86 Rangifer tarandus tarandus V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E Q S - L A C Q 120

P67975 Ovis orientalis musimon V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E Q S - L A C Q 120

P67976 Ovis aries V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E Q S - L A C Q 120

P02756 Capra hircus V F K I D A L N E N - - - K V L V L D T D Y K K Y L L F C M E N S A E P E Q S - L A C Q 120

P02758 Equus caballus E F K I N Y L D E D - - - T V F A L D T D Y K N Y L F L C M K N A A T P G Q S - L V C Q 120

P07380 Equus caballus V F T V N Y Q G E R - - - K I S V L D T D Y A H Y M F F C V G P P L P S A E H G M V C Q 121

P13613 Equus asinus E F K I N Y L D E D - - - T V F A L D S D Y K N Y L F L C M K N A A T P G Q S - L V C Q 120

D6QX31 Equus asinus V F T V N Y Q G E R - - - K I S V L D T D Y A H Y M F F C V G P P L P S A E H G T V C Q 121

P19647 Equus asinus V F T V N Y Q G E R - - - K I S V L D T D Y A H Y M F F C V G P C L P S A E H G M V C Q 121

D6QX32 Equus asinus V F T V N Y Q G E R - - - K I S V L E T D Y A H Y M F F C V G P P L P S A E H G T V C Q 121

P21664 Felis catus V F M V D Y Q G E K - - - K I S V L D T D Y T H Y M F F C M E A P A P G T E N G M M C Q 121

P33688 Felis catus E F K I S Y L D E N - - - E L I V L D T D Y E N Y L F F C L E N A D A P G Q N - L V C Q 120

P33687 Felis catus K F N I N Y L D E N - - - E L I V L D T D Y E N Y L F F C L E N A D A P D Q N - L V C Q 120

P33685 Canis familiaris E F K I N Y V E E N - - - Q I F L L D T D Y D N Y L F F C E M N A D A P Q Q S - L M C Q 120

P33686 Canis familiaris X F S I N Y V E E N - - - Q I F L L D T D Y D N Y L F F C M E N A N A P Q Q S - L M C Q 120

P04119 Sus scrofa V F K I N A L D E N - - - Q L F L L D T D Y D S H L L L C M E N S A S P E H S - L V C Q 120

Q7M2T0 Tursiops truncatus V F X X N F L N - - - - - - - - - - - S D Y T N Y L L F C M E V S - - - - - - - L T C Q 93

Q29614 Macropus eugenii E F E I Y I S S E S A S Y T F S V M E T D Y D S Y F L F C L Y N I S D R E K - - M A C A 117

P11944 Macropus giganteus E F E I Y I S S E S - S Y T F C V M E T D Y D S Y F L F C L Y N I S D R E K - - M A C A 116

Q29146 Trichosurus vulpecula E F E I Y I P S E S A S Y T L S V M E T D Y D N Y I L G C L E N V N Y R E K - - M A C A 117

O77511 Papio cynocephalus E F K I N Y L D E N - - - R I Y L F N T D G S K Y L F L C L E S T R - - R Q N - L A C Q 126  
 
P02754 Bos taurus C L V R T P E V D D E A L E K F D K A L K A L P M H I R L S F N P T Q L E E Q C H I 162

B5B0D4 Bos taurus C L V R T P E V D D E A L E K F D K A L K A L P M H I R L S F N P T Q L E E Q C H I 162

Q0PNH9 Bubalus bubalis A W V R T P E V D D E A L E K F D K A L K A L P M H I R L S F N P T Q L E E Q C H I 162

C3W955 Bubalus bubalis C L V R T P E V D D E A L E K F D K A L K A L P M H I R L S F N P T Q L E E Q C H V 162

P02755 Bubalus bubalis C L V R T P E V D D E A L E K F D K A L K A L P M H I R L S F N P T Q L E E Q C H V 162

Q00P86 Rangifer tarandus tarandus C L V R T P E V D D E A M E K F D K A L K A L P M H I R L S F N P T Q L E E Q C R V 162

P67975 Ovis orientalis musimon C L V R T P E V D N E A L E K F D K A L K A L P M H I R L A F N P T Q L E G Q C H V 162

P67976 Ovis aries C L V R T P E V D N E A L E K F D K A L K A L P M H I R L A F N P T Q L E G Q C H V 162

P02756 Capra hircus C L V R T P E V D K E A L E K F D K A L K A L P M H I R L A F N P T Q L E G Q C H V 162

P02758 Equus caballus Y L A R T Q M V D E E I M E K F R R A L Q P L P G R V Q I V P D L T R M A E R C R I 162

P07380 Equus caballus Y L A R T Q K V D E E V M E K F S R A L Q P L P G R V Q I V Q D P S G G Q E R C G F 163

P13613 Equus asinus Y L A R T Q M V D E E I M E K F R R A L Q P L P G R V Q I V P D L T R M A E R C R I 162

D6QX31 Equus asinus Y L A R T Q K V D E E V M E K F S R A L Q P L P G H V Q I I Q D P S G G Q E R C G F 163

P19647 Equus asinus Y L A R T Q K V D E E V M E K F S R A L Q P L P G H V Q I I Q D P S G G Q E R C G F 163

D6QX32 Equus asinus Y L A R T Q K V D E E V M E K F S R A L Q P L P G H V Q I I Q D P S G G Q E R C G F 163

P21664 Felis catus Y L A R T L K A D N E V M E K F D R A L Q T L P V H I R I I L D L T Q G K E Q C R V 163

P33688 Felis catus C L T R T L K A D N E V M E K F D R A L Q T L P V D V R L F F D P T Q V A E Q C R I 162

P33687 Felis catus C L T R T L K A D N E V M E K F D R A L Q T L P V H V R L F F D P T Q V A E Q C R I 162

P33685 Canis familiaris C L A R T L E V D N E V M E K F N R A L K T L P V H M Q L L N - P T Q A E E Q C L I 161

P33686 Canis familiaris C L A R T L E V N N E V I G K F N R A L K T L P V H M Q L L N - P T Q V E E Q C L V 161

P04119 Sus scrofa S L A R T L E V D D Q I R E K F E D A L K T L S V P M R - - I L P A Q L E E Q C R V 160

Q7M2T0 Tursiops truncatus Y L A R T L Q V D D G V M E K F N K A I K P L P M H I R L X F S P T Q L E E - - - - 131

Q29614 Macropus eugenii H Y V R R I E - E N K G M N E F K K I L R T L A M P Y T V I E V R T R - - D M C H V 156

P11944 Macropus giganteus H Y V R R I E - E N K G M N E F K K I L R T L A M P Y T V I E V R T R - - D M C H V 155

Q29146 Trichosurus vulpecula H Y E R R I E - E N K G M E E F K K I V R T L T I P Y T M I E A Q T R - - E M C R V 156

O77511 Papio cynocephalus Y L A R T L E V D D K V M A E F I S F L K T L P V H M Q I F L D M T Q A E E Q C R V 168  
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#$%&'! 3.5 !"µ#$% &'()*+,- ./0 µ"0"µ+)10 $)&,.233#$10 4"µ10 .-5                            
1-32$.",62#)70-5. 8270"0.2# "# .)+#5 910+5 ,.-0 $"#3:.-.2 4(,µ+&,-5, 910- ;: 
+,/.+)#$< ,." =<*"5 ."& $<3&$2 (>23<9#"), 910- ;;: +04#<µ+,2 (')<,#0") $2# 910- ;;;: 
+?/.+)#$< ('")."$237). @.-0 :A- !)  .2 2µ#0"?#$< $2.<3"#'2 6270"0.2# /5 ,627)+5 +01 
,.-0 :A- ")  .2 2µ#0"?#$< $2.<3"#'2 6270"0.2# /5 )<=4"#. B+ $:$$#0" C)/µ2.79"0.2# 
.2 &'",.)1µ2.2. D >)26#$% 2'+#$:0#,- (>#0+ µ+ C)%,- ."& ')">)<µµ2."5 PyMOL. 
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!"#$%& 3.6 !"µ#$% &'()*+,- ./0 µ"0"µ+)10 $)&,.233#$10 4"µ10 .-5                            
1-32$.",62#)70-5. 82)"&,#9:+.2# ;<- .-5 $"#3;.-.25 4(,µ+&,-5. = :10- > +,/.+)#$9 
,." ?9*"5 ."& $93&$2 @)/µ2.7:+.2# µ+ A239:#", - :10- >> +04#9µ+,2 µ+ ')9,#0" $2# - 
:10- >>> +B/.+)#$9 µ+ '")."$237. C+ $;$$#0" @)/µ2.7:"0.2# .2 &'",.)1µ2.2. = 
A)26#$% 2'+#$;0#,- (A#0+ µ+ @)%,- ."& ')"A)9µµ2."5 PyMOL. 
 
 
 
 

&)  

') 

 

!"#$%& 3.7 D/)"'3-)/.#$; µ"0.(3" .-5 1-32$.",62#)70-5 ;'"& '2)"&,#9:+.2# - 
$"#3;.-.2 4(,µ+&,-5. E.#5 4F" ;<+#5 &)  $2# ')  4#2$)70"0.2# - :10- > +,/.+)#$9 ,." 
?9*"5 ."& $93&$2 (A239:#"), - :10- >> +04#9µ+,2 (')9,#0") $2# - :10- >>> +B/.+)#$9 
('")."$237). C+ $;$$#0" @)/µ2.7:"0.2# .2 &'",.)1µ2.2. = A)26#$% 2'+#$;0#,- (A#0+ 
µ+ @)%,- ."& ')"A)9µµ2."5 PyMOL. 
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!" #$%" & (!"#$%& 3.8) '()*+,)-% *' 'µ.%)/.01 0'*1,).(' .2),+304%" 2*" 

562" 12, 7',4%" 2*" 562" 43, ,+304%" 2*" 562" 46, ,+304%" 2*" 562" 54, 8'.%3,','%4%" 

2*" 562" 82, 7',4%" 2*" 562" 94, ,+304%" 2*" 562" 103, 8'.%3,','%4%" 2*" 562" 105, 

032*+9%" 2*" 562" 106 0'. :,)3*'µ4%" 2*" 562" 120 (I12, V43, L46, L54, F82, V94, 

L103, F105, C106 0'. Q120), *" #$%" && (!"#$%& 3.9) '()*+,)-% *' 'µ.%)/.01 

0'*1,).(' ,+304%" 2*" 562" 39, 7',4%" 2*" 562" 41, .2),+304%" 2*" 562" 56, ,+304%" 

2*" 562" 58, ','%4%" 2*" 562" 73, 7',4%" 2*" 562" 92, µ+5+.)%4%" 2*" 562" 107, 

','%4%" 2*" 562" 118 (L39, V41, I56, L58, A73, V92, M107, ;118) 0'. *6,)< 2*" #$%" 

&&& (!"#$%& 3.10)  +/=*+>.01 7>420)%*'. *' 'µ.%)/.01 0'*1,).(' (>),4%" 2*" 562" 38, 

,324%" 2*" 562" 60, :,)3*'µ.%.0? )/- 2*" 562" 62, ,324%" 2*" 562" 69, .2),+304%" 2*" 

562" 71, .2),+304%" 2*" 562" 84, '2('>':4%" 2*" 562" 90 (P38, K60, E62, K69, I71, 

I84, N90). !" #$%" & '()*+,)-% 3@>?8)7' 0'*1,).(' 0'. 6%' (),.0?, " #$%" && 

'()*+,+4*'. '(? 3@>?8)7' 0'*1,).(', 0'. 2*" #$%" &&& 3(1>A)3% @-) 5+*.01 

8)>*.2µ6%', 6%' '>%"*.01 8)>*.2µ6%), 6%' (),.0? 0'. *>4' 3@>?8)7' 'µ.%)/.01 

0'*1,).(' (!"#$%& 3.11). !' ('>'(1%= 23%)B4#)%*'. 2*)% '(%&#& 3.4 

 

 

)(%&#&* 3.4 C. *>+.< #$%+< ()3 @"µ.)3>:)-% *"% 0).,?*"*' @62µ+32"<, (@4%)%*'. *' 
'µ.%)/.01 0'*1,).(' 2*)% ',,",?µ)>8) BLG B *"< ':+,1@'<). 
 D62+.< *=% 'µ.%)/6=% 0'. *' 'µ.%)/.01 0'*1,).(' 
E$%" & 12 43 46 54  82 94 103 105 106 120 

BLGB I V L L F V L F C Q 

  
E$%" && 39 41 56 58 73 92 107 118 

BLGB L V I L A V M +  

  
E$%" &&I 38 60 62 69 71 84 90 

BLGB P K E K I I N 

 

 

 

 

 

 

 



!"#$%&'( 3                                                                                                                           )*+,-.-/0),) 

 

 76 

 

! "#$%&'()*+ #,+ -.#+ 12 (I12) /0)#(&,1" #,$ 1µ"*$,&%"(2 3(0$ ,+4 506,&7*+4 

(1" #'µµ&,.8&" #,$ #8+µ1,"#µ2 ,$' 5'-µ.*1 ,$' (3%'(1, + 50$%)*+ #,+ -.#+ 38 (1" + 

%&'()*+ #,+ -.#+ 39 (P38 (1" L39) /0)#($*,1" #,+ #,0$9: ;<, 5$' #8+µ1,)=&,1" 

µ&,1>? ,$' 1-(%@*$' ; (1" ,$' 1-(%@*$' <. ! /1%)*+ #,+ -.#+ 41, + /1%)*+ #,+ -.#+ 

43 (1" + %&'()*+ #,+ -.#+ 46 (1µ"*$>"(3 (1,3%$"51 V41, V43 (1" L46) /0)#($*,1" #,$ 

1-(%@*$ B. ! %&'()*+ #,+ -.#+ 54, + "#$%&'()*+ #,+ -.#+ 56, + %&'()*+ #,+ -.#+ 58, + 

%'#)*+ #,+ -.#+ 60 (1" ,$ A%$',1µ"*"(2 $>? #,+ -.#+ 62 (1µ"*$>"(3 (1,3%$"51 L54, 

I56, L58, K60 (1" E62) /0)#($*,1" #,$ 1-(%@*$ C. ! %'#)*+ #,+ -.#+ 69, + "#$%&'()*+ 

#,+ -.#+ 71 (1" + 1%1*)*+ #,+ -.#+ 73 (1µ"*$>"(3 (1,3%$"51 K69, I71 (1" A73) 

/0)#($*,1" #,$ 1-(%@*$ D. ! 91"*'%1%1*)*+ #,+ -.#+ 82 (1" + "#$%&'()*+ #,+ -.#+ 84 

(1µ"*$>"(3 (1,3%$"51 F82 (1" I84) /0)#($*,1" #,$ 1-(%@*$ B. ! 1#5101A)*+ #,+ -.#+ 

90, + /1%)*+ #,+ -.#+ 92 (1" + /1%)*+ #,+ -.#+ 94, (1µ"*$>"(3 (1,3%$"51 N90, V92 (1" 

V94) /0)#($*,1" #,$ 1-(%@*$ F. ! %&'()*+ #,+ -.#+ 103,  + 91"*'%1%1*)*+ #,+ -.#+ 

105, + ('#,&7*+ #,+ -.#+ 106 (1" + µ&-&"$*)*+ #,+ -.#+ 107 (1µ"*$>"(3 (1,3%$"51 

L103, F105, C106 (1" M107) /0)#($*,1" #,$ 1-(%@*$ G. ! 1%1*)*+ #,+ -.#+ 118 (1" + 

A%$',1µ)*+ #,+ -.#+ 120 (1µ"*$>"(3 (1,3%$"51 ;118 (1" Q120) /0)#($*,1" #,$ 1-

(%@*$ H. C,+* !"#$%& 3.12  510$'#"3=$*,1" ,1 1µ"*$>"(3 (1,3%$"51 ,+4 ($"%2,+,14 

D.#µ&'#+4 #,1 #,$"8&)1 ,+4 D&',&0$,1A$?4 D$µ:4 ,+4  1-%1(,$#91"0)*+4. 
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!"#$%& 3.8 !"#$%µ&'"() )#* $+ ,&-+ .&-µ"/-+0 $+0 1-1)2$%-3)('45+0, *#%/ 
#)'%/-(67"$)( + 785+ 9 + %#%4) :'4-2"$)( "-;$"'(26 -$% :6,%0 $%/ 261/2). <) 
)µ(5%=&) #%/ )#)'$47%/5 $+ 785+ 9 "45)( $) I12, V43, L46, L54, F82, V94, L103, F105, 
C106 2)( Q120. >" 2*22(5% ?';µ)$47"$)( $% /#*-$';µ) (#)1µ($(2* %=@). A B')3(2C 
)#"(2*5(-+ &B(5" µ" ?'C-+ $%/ #'%B'6µµ)$%0 PyMOL. 
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!"#$%& 3.9 !"#$%µ&'"() )#* $+ ,&-+ .&-µ"/-+0 $+0 1-1)2$%-3)('45+0. 6 785+ 99 -$% 
µ&-% $%/ 2:1/2). ;) )µ(5%<&) #%/ )#)'$47%/5 $+ 785+ 99 "45)( $) L39, V41, I56, L58, 
A73, V92, M107, =118. >" 2*22(5% ?'@µ)$47"$)( $% /#*-$'@µ) (#)1µ($(2* %<A). 6 
B')3(2C )#"(2*5(-+ &B(5" µ" ?'C-+ $%/ #'%B':µµ)$%0 PyMOL. 
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!"#$%& 3.10 !"#$%µ&'"() )#* $+ ,&-+ .&-µ"/-+0 $+0 1-1)2$%-3)('45+0. 6 785+ 999  
-$% :5%(;µ) $%/ 2:1/2). <) )µ(5%=&) #%/ )#)'$47%/5 $+ 785+ 999 "45)( $) P38, K60, 
E62, K69, I71, I84 2)( N90. >" 2*22(5% ?'@µ)$47"$)( $% /#*-$'@µ) (#)1µ($(2* %=A). 6 
;')3(2B )#"(2*5(-+ &;(5" µ" ?'B-+ $%/ #'%;':µµ)$%0 PyMOL. 
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!"#$%& 3.11 !" "µ#$%&'" (%) "("*+,-%)$ +. /'0. 1'0µ2)0.3 +.3 1-4"5+%06"#*,$.3. 
7+. -8$. 9 20:+2*#5; 0+% <;/%3 +%) 5;4)5" =*:µ"+,-%$+"# µ2 >"4;-#%, 0+. -8$. 99 
2$1#;µ20" µ2 (*;0#$% 5"# 0+. -8$. 999 2&:+2*#5; µ2 (%*+%5"4,. ?2 5@55#$% 
=*:µ"+,-2+"# +% )(@0+*:µ" (("4µ#+#5@ %&A). B >*"6#5C "(2#5@$#0. '>#$2 µ2 =*C0. +%) 
(*%>*;µµ"+%3 PyMOL. 
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!"#$%& 3.12 !" "µ#$%&#'( '")(*%#+" ),- '%#*.),)"- /01µ231,- 1)" 1)%#425" ),- 
/23)26%)"7%8- /%µ9- ),- 1-*"')%1:"#65$,-. ; <=$, > 21?)26#'( 1)% @(A%- )%3 '(*3'" 
(7"*(<#%), , <=$, >> 2$/#(µ21" (+6(1#$%) '"# , <=$, >>> 2&?)26#'( (+%6)%'"*5). B2 
'.''#$% 46?µ")5<%$)"# )" 3+%1)6=µ")". ; 76":#'9 "+2#'.$#1, 07#$2 µ2 4691, )%3 
+6%76(µµ")%- PyMOL. 
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4. !"#$%$!$ 

 

 

4.1 $ !-&'()*+,'-./01 

  

! .-"#$%&'(#)*+,- (.-Lactoglobulin, BLG) .+,#) - /#')$0 1*2%.3,- %&4 &*&5 

%&4 67"#$%&8 1&""9, :-"#'%)$9, - &1&+# ;<.) µ.".%-:.+ =).>&=)$7 %# %.".4%#+# 

./=&µ0,%# <*?,)#. @1&%.".+ µ+# µ--6"4$&A4")2µ;,- .>#)*.%)$7 '%#:.*0 ")1&$#"+,-, 

1&4 =.'µ.5.) '%& ")1?()"& $7"4$7 %-8 =)7(&*# 4=*?(&/# 41&'%*9µ#%# ?128 ")1#*7 

&>;#, ")1+=)#, µ)$*7 #"$7,)#, #".)(#%)$;8 $.%?,.8 $#) #*2µ#%)$;8 .,9'.)8. ! in vitro 

=;'µ.4'- .,?8 µ&*+&4 '%)8 µ.";%.8 1&4 #(&*&5, %-, 1*?'=.'- 41&'%*2µ7%2, 

.,=;<.%#) ,# #,%)$#%&1%*+A.) %- 6.,)$?%.*- '4,7(.)# %-8  .-"#$%&'(#)*+,-8 1*&8 µ)$*7 

4=*?(&/# µ?*)# $#) ,# µ-, ;<.) $71&)# (4')&"&6)$0 '-µ#'+#. 

@1&µ&,9,.%#) .5$&"# '. µ.67".8 1&'?%-%.8 #1? %& #6."#=),? 67"#, µ. 

#1&%;".'µ# ,# ;<.) µ.".%-:.+ 1&"5 $#"7 µ. 1"0:&8 (4')$9, $#) /)&<-µ)$9, %.<,)$9,. 

B#*?"& ?µ28 %& µ.67"& #*):µ? µ.".%9, µ. #,%)$.+µ.,& %- BLG, - /)&"&6)$0 %-8 

".)%&4*6+# 1#*#µ;,.) #'#(08. C=)#+%.*# µ.".%-µ;,- .+,#) - )$#,?%-%7 %-8 ,# =.'µ.5.) 

*.%),?"-. D.2*.+%#) ?%) =.'µ.5.), 1*&'%#%.5.) $#) µ.%#(;*.) µ)$*7 4=*?(&/# 

=)#%*&()$7 '-µ#,%)$7 µ?*)# #1? %- µ-%;*# '%& ,.&6,?.  

E) $*4'%#""&6*#()$;8 µ.";%.8 1&4 ;<&4, 6+,.) '%- .-"#$%&'(#)*+,- $#) '. 

'5µ1"&$7 %-8 ;<&4, =9'.) 1&"5%)µ.8 1"-*&(&*+.8 6)# %-, %*)'=)7'%#%- =&µ0 %-8. 

F46$*)%)$;8 #,#"5'.)8 %-8 %*)'=)7'%#%-8 =&µ08 %2, 1*2%.G,9, "#µ/7,&4, <9*# 

6)# %-, 1*?/".H- %-8 ".)%&4*6+#8 %2, 1*2%.G,9, $#) %-, $#%#,?-'- %2, .>.")$%)$9, 

%&48 '<;'.2,. F. ?,%) #(&*7 %- ".)%&4*6)$?%-%# %-8  .-"#$%&'(#)*+,-8 28 µ.%#(&*;# 

4=*?(&/2, µ&*+2, %# .,=)#(;*&,%# #µ),&>;# .,%&1+A&,%#) '%-, $&)"?%-%# =;'µ.4'-8. 

B#*?"& 1&4 ;<.) 6+,.) "?6&8 6)# 1.*)''?%.*.8 %-8 µ+#8 1.*)&<08 =;'µ.4'-8 

41&'%*9µ#%&8 '%- .-"#$%&'(#)*+,-, - 1#*&5'# µ.";%- #,#(;*.%#) '%-, $5*)# 0 

$.,%*)$0 :;'- =;'µ.4'-8, - &1&+# /*+'$.%#) '%-, $.,%*)$0 $&)"?%-%# 1&4 '<-µ#%+A.%#) 

#1? %&48 &$%9 #,%)1#*7""-"&48 .-$"9,&48.  
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4.2 !"#"$%&' (#)*+,- $.#  !-*/&$0,1/%2%#3#  

 

 

!" #$%&"' ()* +*(",+(+%(-%&)* ()* +µ"*./$)*, ()* +,.0.1#"2* (3'                             

.-0+,(.%4+"56*3' µ&(+/7 ()* &"82* 9.1 +*+07#3,+* %(3* 9+5.7%+ µ&0$(3 ,+" 

%(.:&7.1* ,156)' (3 %(+#&5;(3(+ (3' 95)(&<*3' ,+#2' ,+" (3* &9"0&,(",;(3(+ 

95;%8&%3' 19.%(5)µ-()* %(3* ,75"+ ,."0;(3(+ (3' .-0+,(.%4+"56*3', +*+07.*(+" 

9+5+,-(). 

= #$%3 12 +*>,&" %(. +µ"*.(&0",; -,5. (3' 95)(&<*3' ,+" %1µµ&($:&" %(. 

%:3µ+("%µ; (.1 91#µ$*+ (.1 ,-01,+. ?(3 BLGB (3' +@&0-8+' %(3 #$%3 12 19-5:&" 

"%.0&1,6*3. = I12 +*>,&" %(+ +µ"*./",- ,+(-0."9+ 9.1 +9+5(6A.1* (3* &%)(&5",> A2*3 

%(. B-#.' (.1 ,-01,+, A2*3 C. D9; (3* 9.00+90> &1#1@5-µµ"%3 ()* +0030.1:"2* 

(96*+,+' 3.3) 95.,79(&" ;(" 3 +*(",+(-%(+%3 (3' "%.0&1,6*3', µ& B+06*3 &µ4+*6A&(+" 

%("' BLGs, %(.* (-5+*8. ,+" %(+ &683 ,+@,.15;, .1-0+µ9" ,+" 9;%%.1µ, &*2 3 

+*(",+(-%(+%3 µ& 0&1,6*3 &µ4+*6A&(+" %("' BLGs %(+ "99.&"8> (699.' ,+" ;*.'), %(.* 

µ9+µ9.16*., %(. %,70. ,+" %& 87. +0030.µ;54.1' (3' .-0+,(.%4+"56*3' (3' @-(+'. = 

"%.0&1,6*3, 3 0&1,6*3 ,+" 3 B+06*3 &6*+" 185;4.B+ +µ"*./$+. Eµ)' %(3* 95)(&<*3 (.1 

:.65.1 &µ4+*6A&(+" 3 +*(",+(-%(+%3 (3' "%.0&1,6*3' µ& (3 #5&.*6*3, (. .9.6. &6*+" 

9.0",; +µ"*./7.  

= #$%3 38 B56%,&(+" %(3 %(5.4> DF (3 .9.6+ %:3µ+(6A&(+" µ&(+/7 (.1                

.-,02*.1 D ,+" (.1 .-,02*.1 F) ,+" &6*+" µ$5.' (3' &/)(&5",>' A2*3' (.1 ,-01,+, 

A2*3 CCC. ?(3 #$%3 38 %(3 BLGB (3' +@&0-8+' B56%,&(+" 3 95.06*3. = P38 &µ4+*6A&(+" 

1G30- %1*(353µ$*3, 8"+4.5.9.63%3 +9; (3* BLGB (3' +@&0-8+' 9+5.1%"-A&(+" %("' 

BLGs (.1 ,+@,.15;, (.1 .1-0+µ9" ,+" (.1 9;%%.1µ, %("' .9.6&' 3 95.06*3 

+*(",+#6%(+(+" +9; (3 0&1,6*3.  

= #$%3 39 B56%,&(+" %(3 %(5.4> DF ,+" +9.(&0&6 µ$5.' (3' A2*3' CC %(3* 

,."0;(3(+ (3' BLG. ?(3 #$%3 39 %(.* +0030;µ.54. BLGB (3' +@&0-8+' B56%,&(+" 3 

0&1,6*3. = L39 &µ4+*6A&(+" 1G30- %1*(353µ$*3. H"+4$5.1* ." BLGs (.1 ,+@,.15;, 

(.1 .1-0+µ9" ,+" (.1 9;%%.1µ ;9.1 &µ4+*6A.1* +*(",+(-%(+%3 (3' 0&1,6*3' +9; (3 

4+"*10+0+*6*3.  
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!"# $%&# 41, '() *+,&-."/0 &"#1 /+23 "() .--451() B -/0 /'(".4., "µ3µ/ "#6 

751#6 88, *+,&-."/0 # */4,1#. 9µ:/1,7."/0 );#4< &)1"#+#µ%1#. = /1"0-/"<&"/&# "#6 

*/4,1#6 &"# $%&# 41 µ. "#1 /4/1,1# )'<+2.0 &"( 2(,+(, µ. "#1 0&(4.)-,1# )'<+2.0 &"(1 

µ'/µ'(),1(, .15 &"06 BLGs ">1 .0?51 -/@-()+A, ()<4/µ'0 -/0 'A&&()µ &"# $%&# 41 # 

*/4,1# /1"0-/$,&"/"/0 /'A "# µ.$.0(1,1#.  

= $%&# 43 *+,&-."/0 &"( .--451( B -/0 /13-.0 &"/ /µ01(B0-< -/"<4(0'/ '() 

/'/+",7()1 "#1 .&>".+0-3 751# &"( *<$(6 "() -<4)-/, 751# 8. !"# $%&# 43 &"# BLGB 

"#6 /@.4<?/6 *+,&-."/0 # */4,1#. !"(1 %1/1 /44#4Aµ(+:( "() ,''() -/0 &"(1 %1/1 

/44#4Aµ(+:( "() A1() -/$56 -/0 &"06 BLGs &"/ .,?# -/@-()+A, ()<4/µ'0, 'A&&()µ, 

µ'/µ'(),1() -/0 &-C4() # */4,1# /1"0-/$,&"/"/0 /'A "#1 0&(4.)-,1#. 

= $%&# 46, '() *+,&-."/0 &"( .--451( B /'(".4., "µ3µ/ "#6 751#6 8. !"# BLGB 

"#6 /@.4<?/6 )'<+2.0 4.)-,1#. = L46 .µ:/1,7."/0 );#4< &)1"#+#µ%1#. !"06 BLGs &"/ 

.,?# -/@-()+A, ()<4/µ'0 -/0 'A&&()µ .µ:/1,7."/0 # /1"0-/"<&"/&# "#6 4.)-,1#6 /'A 

"# */4,1#.  

= 4.)-,1# &"# $%&# 54 *+,&-."/0 &"#1 /+23 "() .--451() C -/0 /13-.0 &"/ 

/µ01(B0-< -/"<4(0'/ '() /'/+",7()1 "#1 .&>".+0-3 751# &"( *<$(6 "() -<4)-/, 751# 

8. = L54 .µ:/1,7."/0 /'A4)"/ &)1"#+#µ%1#.  

D;#4< &)1"#+#µ%1# &"# $%&# 56, '() *+,&-."/0 &"( .--451( C -/0 /'(".4., 

"µ3µ/ "#6 751#6 88, .,1/0 # 0&(4.)-,1#. = /1"0-/"<&"/&# "#6 0&(4.)-,1#6 µ. 4.)-,1# 

.µ:/1,7."/0 &"/ '/4/0A".+/ .B.40-"0-< .,?# -/@-()+A, ()<4/µ'0 -/0 'A&&()µ -/0 

?#µ0()+@., µ0/ ?0/:(+."0-3 2>+($%"#&# "() -<4)-/.  

D;#4< &)1"#+#µ%1# &"# $%&# 58, '() *+,&-."/0 &"( .--451( C, )'<+2.0 # 

4.)-,1#. E13-.0 &"/ /µ01(B0-< -/"<4(0'/, '() /'/+",7()1 "#1 751# 88 "() -<4)-/. = 

L58 &"#1 '+>".F1# "() 'A&&()µ /1"0-/$,&"/"/0 /'A */4,1#.  

!"# $%&# 60 )'<+2.0 # 4)&,1# -/0 *+,&-."/0 &"( "%4(6 "() .--451() C. E13-.0 

&"#1 .B>".+0-3 751# "() -<4)-/, 751# 888. = /1"0-/"<&"/&# "#6 4)&,1#6 .1A6 $."0-< 

:(+"0&µ%1() /µ01(B%(6 µ. @4()"/µ010-A (BC, '() .,1/0 /+1#"0-< :(+"0&µ%1(, )'<+2.0 

&"06 BLGs ">1 0''(.0?51 (,''(6, A1(6) -/0 ">1 .0?51 -/@-()+A, ()<4/µ'0 -/0 'A&&()µ. 

!"#1 '+>".F1# "() µ'/µ'(),1() # 4)&,1# /1"0-/$,&"/"/0 /'A "#1 /+@01,1# # ('(,/ .,1/0 

.',&#6 $."0-< :(+"0&µ%1( /µ01(BC. 
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!"# $%&# 62, '() *+,&-."/0 &"( "%1(2 "() .--134() C -/0 /45-.0 &"#4 

.67".+0-5 834# 999, "() -:1)-/, )':+;.0 <1()"/µ040-= (6> ("( ('(,( %;.0 /+4#"0-= 

#1.-"+0-= ?(+",(). !"# $%&# "(), &"/ 0''(.0@5 ( %4/2 /11#1=µ(+?(2 "() ,''() -/0 "+.02 

/11#1=µ(+?(0 "() =4(), .µ?/4,8()4 "#4 /1/4,4#. A+=-.0"/0 <0/ /4"0-/":&"/&# "() 

=604() /µ04(6%(2 <1()"/µ040-(> (6%(2 µ. %4/ /µ04(6> "( ('(,( @.4 ?%+.0 #1.-"+0-= 

?(+",(. !"(4 µ'/µ'(),4( /4"0-/$,&"/"/0 /'= "( .',&#2 /+4#"0-: ?(+"0&µ%4( /&'/+"0-= 

(6>.  

!"# $%&# 69, '() *+,&-."/0 &"( .--134( D -/0 /45-.0 &"#4 .67".+0-5 834# 999, 

)':+;.0 # 1)&,4# (%4/ $."0-: ?(+"0&µ%4( /µ04(6>). !"(4 %4/4 /11#1=µ(+?( "() ,''() 

-/0 &"()2 "+.02 /11#1(µ=+?()2 "() =4() # 1)&,4# /4"0-/$,&"/"/0 /'= "#4 /+<04,4#, # 

('(,/ .,4/0 .',&#2 $."0-: ?(+"0&µ%4#. !. %4/4 /11#1=µ(+?( &"# <:"/ # 1)&,4# 

/4"0-/$,&"/"/0 /'= "# <1)-,4#, '() .,4/0 µ# '(10-= /µ04(6>, &. %4/4 /11#1=µ(+?( &"( 

&->1( /'= "# <1()"/µ,4#, '() .,4/0 '(10-= /µ04(6>, .43 &"( ;(,+( -/0 &"(4 µ'/µ'(),4( 

/'= "( <1()"/µ040-= (6>, '() .,4/0 /+4#"0-: ?(+"0&µ%4( /µ04(6>.  

!"# $%&# 71 &"( .--134( D, '() /45-.0 &"#4 .67".+0-5 834# 999, /'/4":"/0 # 

0&(1.)-,4# ('() .,4/0 %4/ )@+=?(*( /µ04(6>). !"02 BLGs .µ?/4,8(4"/0 /4"0-/"/&":&.02 

"02 0&(1.)-,4#2 µ. "/ .',&#2 )@+=?(*/ /µ04(6%/ */1,4#, 1.)-,4# -/0 ?/04)1/1/4,4# 72 

/-(1(>$72: # 1.)-,4# .µ?/4,8."/0 &"/ .,@# ():1/µ'0, -/<-()+= -/0 ;(,+(), # 

?/04)1/1/4,4# &"( '=&&()µ -/0 # */1,4# &"()2 /11#1(µ=+?()2 &"( &->1( -/$32 -/0 

&. %4/4 /11#1=µ(+?( &"# <:"/.  

!"# $%&# 73, '() *+,&-."/0 &"( .--134( D -/0 /45-.0 &"# 834# 99, .µ?/4,8."/0 

)B#1: &)4"#+#µ%4# # /1/4,4#. !"02 BLGs "74 .0@34 -/<-()+=, ():1/µ'0 -/0 '=&&()µ 

/4"0-/$,&"/"/0 /'= "# 1.)-,4#. !"#4 -(01="#"/ @%&µ.)&#2 -/"/1/µ*:4.0 '.+0&&=".+( 

;3+( # (<-3@#2 /1.0?/"0-5 '1.)+0-5 /1)&,@/ "#2 1.)-,4#2 &. &><-+0&# µ. /)"5 "#2 

/1/4,4#2. 

C ?/04)1/1/4,4# &"# $%&# 82, '() *+,&-."/0 &"( .--134( D, .,4/0 /'=1)"/ 

&)4"#+#µ%4# -/0 /'(".1., µ%+(2 "#2 834#2 9.  

!"# $%&# 84, '() *+,&-."/0 &"( .--134( D -/0 /45-.0 &"# 834# 999, )':+;.0 # 

0&(1.)-,4#. E4"0-/$,&"/"/0 /'= */1,4# &. %4/4 /11#1=µ(+?( "() ,''(), &"()2 "+.02 

/11#1(µ=+?()2 "() =4(), -/$32 -/0 &. %4/4 /11#1=µ(+?( "#2 <:"/2.  
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!"# $%&# 90 &"' .-()*+' F &"#+ ,-.",/0(1 2*+# "'3 (4)3(5 364/7,0 # 

5&65/589+#, # '6'95 ,9+50 6')0(: 5µ0+'-;. < 5&65/589+# 5+"0(5$9&"5"50 56: "' ,69&#= 

6')0(: 5µ0+'-;, &,/9+#, &"#+ 6/.",>+# ".+ ,0?*+ (58('3/:, '34)5µ60 (50 6:&&'3µ. !, 

%+5+ 5))#):µ'/@' "#= 84"5= ,µ@5+92,"50 # )3&9+# (%+5 5µ0+'-; 6'3 ,9+50 $,"0(4 

@'/"0&µ%+'). A+* &"5 066',0?1 ":&' &"' ,9?'= "'3 966'3 :&' (50 &"'3 :+'3, # 

5&65/589+# 5+"0(5$9&"5"50 56: @'/"0&µ%+' 5µ0+'-;, ,9", $,"0(4 ,9", 5/+#"0(4. 

!38(,(/0µ%+5, %+5= 5))#):µ'/@'= "'3 966'3 (50 '0 "/,0= 5))#):µ'/@'0 "'3 :+'3, %7'3+ 

5/80+9+#, # '6'95 ,9+50 @'/"0&µ%+# $,"0(4. A+* ' 4))'= 5))#):µ'/@'= "'3 966'3 (50 ' 

,+56'µ,9+5+"5= 5))#):µ'/@'= "'3 :+'3, %7'3+ "' 5&65/"0(: '-;, 6'3 ,9+50 %+5 5µ0+'-; 

5/+#"0(4 @'/"0&µ%+'.   

!"# $%&# 92, 6'3 ,9+50 &"' .-()*+' F (50 B/9&(,"50 &"# 2*+# CC, 364/7,0 B5)9+#. 

D+"0(5"5&"4&,0= ?9+'3+ "#+ ,µ@4+0&# @50+3)5)5+9+#=, 0&'),3(9+#= 1 ),3(9+#=. !"5 

'6'95 # 6),3/0(1 5)3&9?5 ,9+50 60' '8(*?#= 56: 53"1+ "#= B5)9+#=. C&'),3(9+# 364/7,0 

&"'+ µ65µ6'39+', &"' &(;)', &, %+5+ 5))#):µ'/@' "#= 84"5=, &"'+ %+5 5))#):µ'/@' 

"'3 966'3 (50 &"'3= "/,0= 5))#)'µ:/@'3= "'3 :+'3. < B5)9+# 5+"0(5$9&"5"50 µ, 

@50+3)5)5+9+# &"5 '34)5µ60 (50 (58('3/:, ,+* # 5+"0(5"4&"5&1 "#= µ, ),3(9+#, 

,µ@5+92,"50 &"' 6:&&'3µ.  

!"# $%&# 94 &"' .-()*+' F &"' B4$'= "'3 (4)3(5 (2*+# C) 565+"4"50 # B5)9+#. 

< 5+"0(5"4&"5&# µ, 5)5+9+# ,µ@5+92,"50 &, %+5+ 5))#):µ'/@' "'3 966'3 (50 &, %+5+ 

5))#):µ'/@' "'3 :+'3, ,+* µ, ),3(9+# &"' &(;)', &"' 7'9/' (50 &"'+ µ65µ6'39+'.  

!"# $%&# 103, 6'3 B/9&(,"50 &"' .-()*+' G &"' B4$'= "'3 (4)3(5 (2*+# C) 

364/7,0 # ),3(9+#. < 5+"0(5"4&"5&1 "#= µ, "#+ 0&'),3(9+# ,µ@5+92,"50 &"' 6:&&'3µ, 

µ, "# µ,$,0'+9+# ,µ@5+92,"50 &, %+5+ 5))#):µ'/@' "'3 966'3 (50 &"'3= "/,0= 

5))#)'µ:/@'3= "'3 :+'3 (50 µ, "# @50+3)5)5+9+# &"5 '34)5µ60 (50 (58('3/:.  

!"# $%&# 105 &"' .-()*+' G &"' B4$'= "'3 (4)3(5 (2*+# C) 364/7,0 

@50+3)5)5+9+#. !"' 6:&&'3µ 5+"0(5$9&"5"50 µ, 8)3(9+#. < 5+"0(5"4&"5&1 "#= µ, 

),3(9+# ,µ@5+92,"50 &, %+5+ 5))#):µ'/@' "'3 966'3 (5$*= (50 &, %+5+ 5))#):µ'/@' 

"'3 :+'3 (50 &"0= BLGs "'3 µ65µ6'39+'3 (50 "'3 7'9/'3.   

!"# $%&# 106, 6'3 B/9&(,"50 &"' .-()*+' G, 364/7,0 56:)3"5 &3+"#/#µ%+# # 

(3&",>+#E # '6'95 µ,"%7,0 &"'+ %+5 ?0&'3)@0?0(: ?,&µ: (50 5+1(,0 &"5 5µ0+'-0(4 

(5"4)'065 6'3 565/"92'3+ "#+ ,&.",/0(1 2*+# &"' B4$'= "'3 (4)3(5 (2*+# C).  
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!"# $%&# 107, '() *+,&-."/0 &"( .--123( G -/0 .,3/0 µ%+(4 "#4 523#4 66, 

)'7+8.0 # µ.$.0(3,3#. 9 /3"0-/"7&"/&: "#4 µ. */1,3# .µ;/3,5."/0 &"(3 %3/3 

/11#1<µ(+;( "() ,''() -/0 &"()4 "+.04 /11#1(µ<+;()4 "() <3(). 9 /3"0-/"7&"/&# "#4 

µ.$.0(3,3#4 µ. 1.)-,3# .µ;/3,5."/0 &"04 BLGs "=3 .0>23 ()71/µ'0, -/?-()+<, '<&&()µ 

-/0 µ'/µ'(),3() -/$24 -/0 &. >@( /11#1(µ<+;()4 "#4 ?7"/4. 9 /3"0-/"7&"/&# "#4 

µ.$.0(3,3#4 µ. %3/ <A03( /µ03(A@ "( ?1()"/µ030-< (A@ ("( ('(,( %8.0 /+3#"0-< 

#1.-"+0-< ;(+",() .µ;/3,5."/0 &. %3/3 /11#1<µ(+;( "() &-@1().  

!"# $%&# 118, '() *+,&-."/0 &"( .--123( H -/0 /3:-.0 &"#3 (µ7>/ "=3 

/µ03(A%=3 "#4 523#4 66, )'7+8.0 # /1/3,3# ('() .,3/0 )>+<;(*( /µ03(A@). 9 

/3"0-/"7&"/&: "#4 /'< "# */1,3# .µ;/3,5."/0 &"(3 /11#1<µ(+;( BLGA "#4 /?.17>/4, 

&. >@( /11#1(µ<+;()4 &"# ?7"/, -/$24 -/0 &"04 BLGs &"( 8(,+( -/0 &"/ 0''(.0>: 

(,''(4 -/0 <3(4). 9 /3"0-/"7&"/&# "#4 /1/3,3#4 /'< "#3 '+(1,3# .µ;/3,5."/0 &. %3/3 

/11#1<µ(+;( "() *()*/10(@, .32 /'< "# µ.$.0(3,3# &"()4 /11#1(µ<+;()4 "() &-@1() 

-/0 &"(3 %3/3 /11#1<µ(+;( "#4 ?7"/4. B-"<4 /'< "04 '/+/'73= /3"0-/"/&"7&.04 <1.4 

µ. .',&#4 )>+<;(*/ /µ03(A%/ /'/3"7"/0 &"#3 '+=".C3# "() >.1;030(@ # /3"0-/"7&"/&# 

"#4 */1,3#4 /'< "# $+.(3,3#, '() .,3/0 '(10-< /µ03(A@.  

!"# $%&# 120, '() *+,&-."/0 &"( .--123( H &"( *7$(4 "() -71)-/ (523# 6), 

)'7+8.0 # ?1()"/µ,3# %3/ '(10-< /µ03(A@. D3"0-/$,&"/"/0 /'< "# &.+,3# (# ('(,/ .,3/0 

.',&#4 '(10-< /µ03(A@) &. %3/3 /11#1<µ(+;( &"( *()*710E -/0 /'< "#3 /1/3,3# ('() 

.,3/0 µ# '(10-< /µ03(A@), &"04 BLGs "=3 ()71/µ'0, -/?-()+< -/0 '<&&()µ.  

F0 /3"0-/"/&"7&.04 "=3 /µ03(A0-23 -/"/1(,'=3 &)3(G,5(3"/0 &"(3 !"#$%$ 

4.1 , <'=4 '/+/"#+(@3"/0 &. &8%&# µ. "#3 /?.1/>03: BLGB. 
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!"#$%$& 4.1  !" #$%"&#%#'%(')"* %+$ #µ"$,-.+$ /,0 #/#$%1$%#" '%"* BLGs %+$ 

)"21$ %+$ 345#'%"&1$ ') '67&8"'4 µ) %4$ #7)5#2"$9 BLGB. 

 :.')"* %+$ #µ"$,-.+$ &#" %# #µ"$,-"&( &#%(5,"/# 

;1$4 < 12 43 46 54 82 94 103 105 106 120 

BLGB I V L L F V L F C Q 

BLGs 
L, V, 

T 
I V   

A, 

L 

M, F, 

I 
L, G  

S, 

A 

  

;1$4 << 39 41 56 58 73 92 107 118 

BLGB L V I L A V M '  

BLGs F 
A, I, 

M 
L V L I, L, F V, L, E V, P, M, T 

  

;1$4 <<I 38 60 62 69 71 84 90 

BLGB P K E K I I N 

BLGs L R, E D, A R, E, Q, G L, V, F V D, R, K, S 

 

 

=/> %4 7)$)%"&9 #$(50'4 %+$ .-5#&%,'?#"8"$1$ /8,&6/%,0$ '4µ#$%"&( 

'0µ/)8('µ#%# 7"# %4 5)"%,087"&>%4%# &#" %4 2"#?,8,/,@4'4 %4* 5)"%,087"&>%4%#* 

µ)%#-6 %+$ )"21$ 345#'%"&1$. 

A"2"&>%)8# 4 '%#3)8>%4%# %4* /8+%)B$4* %,0 C,@8,0 )@$#" C#µ45>%)84 #/> 

)&)@$4 %4* #7)5(2#*. D &68"# 2"#?,8( '%4$ &,"5>%4%# /8>'2)'4* µ)%#-6 %+$ 26, )@$#" 

4 #$%"&#%('%#'4 %4* ?#"$05#5#$@$4* 105 %4* #7)5#2"$9* BLG µ) 5)0&@$4 '%4$ 

/8+%)B$4 %,0 C,@8,0. =0%> #$#2)"&$6)" >%" 4 /#8,0'@# %+$ #8+µ#%"&1$ &#%#5,@/+$ 

µ/,8)@ $# 2"#28#µ#%@')" '4µ#$%"&> 8>5, '%4$ #6-4'4 %4* '%#3)8>%4%#* %4* #7)5#2"$9* 

/8+%)B$4* >/+* .C,0$ )/"'4µ($)" ," D'Alfonso et al. (2004). E# 26, #µ"$,-"&( 

&#%(5,"/# 50'@$4* F60 &#" F69, /,0 G8@'&,$%#" '%4$ )-+%)8"&9 /)8"?.8)"# %4* 

&,"5>%4%#* )$2.C)%#" $# 2"#28#µ#%@H,0$ .$# '4µ#$%"&> 8>5, '%4$ )/"5,79 %,0 

0/,'%81µ#%,*.  

D µ4 µ)%89'"µ4 '0$(?)"# %4* BLG %,0 C,@8,0 7"# 5"/#8( ,-.# µ/,8)@ $# 

,?)@5)%#" '%4$ 6/#8-4 #$%"&#%('%#'4* %4* F69 µ) .$# 75,0%#µ"$"&> ,-6, #55#79 #/> 
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!"#$%&' (&)#*&+ ,-.$%/ %-#01&$2& ." -)34#$%&' (&)#*&+ /5$3& /267 89"$ 2)&#-!"* %-$ 

-3-(8)"#-$ -2/ #&+7 Qin et al. (1998b).  :" 011"7 BLG µ4-µ4)+%-.#$%;3 <;63, 2&+ 

-3-(8)"#-$ /#$ ="3 =".µ"'&+3 1$2-)0 &58-, /267 >$- #&3 *22& %-$ #&3 /3&, 83- ,-.$%/ 

-µ$3&5' (K ? R) .+3#4)"*#-$ .#4 !8.4 69, -110 +20)9"$ -3#$%-#0.#-.4 #47 @60 µ" 83- 

/5$3& >1&+#-µ$3$%/. A-*3"#-$ /#$ 4 2-)&+.*- µ*-7 %-),&5+1&µ0=-7 .#4 !8.4 60 ? 69, 

µ2&)"* 3- 2-)"µ2&=*<"$ #4 =8.µ"+.4 1$2-);3 &5863. (Qin et al., 1998b).  B"#-5' #63 

-1141&µ/)(63 C %-$ D #47 BLG 4 -3#$%-#0.#-.4 V/A .#4 !8.4 118 .#& .-%1;3& E,  

=4µ$&+)>"* 83- %"3/ -2/ #43 -11->? #47 &>%;=&+7 $.&2)&2+1$%?7 &µ0=-7 µ" #4 

µ$%)/#")4 µ"!+1$%? &µ0=-F #& %&*16µ- 2&+ =4µ$&+)>"*#-$ 89"$ -2&#81".µ- µ*- 

1$>/#")& "+3&G%? !8.4 =8.µ"+.47 (Qin et al., 1999). 

E %)+.#-11&>)-($%? -301+.4 #63 -1141&µ/)(63 -110 %-$ #47 (+.$%?7 

2)6#"H347 µ" =$0(&)- +2&.#);µ-#- &=4>"* .#43 %-#-3/4.4 #47 1"$#&+)>*-7 -110 %-$ 

#47 .+30("$-7 +2&.#)6µ0#63 %-$ .-1-%#&.(-$)*347 µ" -2;#")& .#/9& -+#/3 #47 

%-#-3/4.47 #47 9)4.$µ/#4#07 #47 .#- !41-.#$%0. 

E >"3"#$%? µ"18#4 -3-="$%3'"$ #43 "5"1$%#$%? =$-(&)&2&*4.4 #&+ 1$2&%01+%-, 

"3; &$ µ"18#"7 2)/.=".47 -3-="$%3'&+3 #$7 "2$µ8)&+7 -1141"2$=)0."$7 -µ$3&5863 %-$ 

+2&.#);µ-#&7. I µ"11&3#$%/7 2)&.=$&)$.µ/7 #63 %)+.#-11&=&µ;3 #63 .+µ21/%63 

2&+ 89&+3 "2$1">"* -2&#"1"* .4µ-3#$%/ ,?µ- .#4 1"2#&µ")? 9-)#&>)0(4.4 #47 

.4µ-3#$%/#4#-7 #63 =$-(/)63 -µ$3&5$%;3 !8."63 .#& 1$2&%01+%-. B-<* µ" #4 >"3"#$%? 

.+.98#$.4 2)&.(8)&+3 µ*- .4µ-3#$%? -2"$%/3$.4 #47 .+.98#$.47 =&µ?7 – =)0.47 #47  

.-1-%#&.(-$)*347.  

 

 

4.3 !"µ#$% &'()*+,  +*µ-).$/'  0,1 !-)&$0"+2&#34',1 µ5  *63.2"7& 

*-"+038µ&0&.  

 

I$ in vitro µ"18#"7 .+µ21/%63 #47 BLG &=4>&'3 .#& .+µ28)-.µ- /#$ 4 

=8.µ"+.4 #&+ +2&.#);µ-#&7 .#43 %"3#)$%? %&$1/#4#- >*3"#-$ µ" #)/2& 2-)/µ&$& µ" #4 

=8.µ"+.4 #47 )"#$3/147, .#4 1$2&%-1*34 #&+ &)&' RBP (retinol-binding protein). :#4 

µ"18#4 µ" +2/.#)6µ- #& 2-1µ$#$%/ &5' (Wu et al., 1999) 4 %-),&5+1$%? &µ0=- #&+ 

2-1µ$#$%&' &58&7 ,)*.%"#-$ .#43 "*.&=& #47 %&$1/#4#-7 %-$ #- -µ$3&58- 2&+ 
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!"µµ#$%&'"( !$) *%!) +%!µ#"!), #-(./ ) K60 0./ ) K69 #(1 ) "+234'5) '"26 

52-!0#$./ !# µ-. !&#+3( #0$#$.µµ%() +/.µ3247!) !$' 0%($2' $), 0'/83$)$., $), 

927$#:(),. ; <107 .886=#/ *%!) !$)( 9.2'"!-. > .9'"!-. $'" 9.8µ/$/0'? '@%',. ; 

0#($2/0> "+234'5) 0'/83$)$. µ9'2#- (. &72%!#/ 0./ µ#A.8?$#2'" µ>0'", 8/9.26 '@%.. 

B93 $) µ'2/.0> 92'$"9'9'-)!) .886 0./ $/, "962&'"!#, 02"!$.88'A2.4/0%, 

µ#8%$#, #-(./ 4.(#2> ) $6!) $7( "9'!$27µ6$7( (. 0.8?C'"( $)( "+234'5) #9/46(#/6 

$'", !$)( 0'/83$)$. $'" 8/9'068"0. .4>('($., #0$#*#/µ%(#, !$' +/.8?$) $"&3( 9'8/0%, 

> "+234'5#, 'µ6+#,. D/ +?' +/.02/$%, 9#2/'&%, $7( 8/9/+-7( 52-!0'($./ $'9'*#$)µ%(#, 

7, #@>, !$)( 0'/83$)$. +%!µ#"!),E ) "+234/8) 9'8/0> 0#4.8> $'9'*#$#-$./ !$' 

6('/Aµ. $), 0'/83$)$., 0./ ) "+234'5) µ.02/6 "+2'A'(.(*2.0/0> .8"!-+. !$' 

#!7$#2/03. F$. !$#2'#/+>, 92'5/$.µ-() D2 0./ 92'5/$.µ-() D3 $' 9'8/03 $'", $µ>µ.     

(-D;) $'9'*#$#-$./ !$' 6('/Aµ. $), 0'/83$)$.,. 

D/ 92'!96*#/#, +/6&"!), $7( "+234'57( "9'!$27µ6$7( !# !&)µ.$/!µ%('", 

02"!$688'", $), 4"!/0>, 927$#:(), '+)A'?( !$) +)µ/'"2A-. 2)Aµ6$7( !# ."$'?,, 9'" 

'+)A#- !$' !"µ9%2.!µ. 3$/ 9/*.(3$.$. 0.$6 $) !"µ98'0'9'-)!) A-('($./ 069'/#, 

!$#2#'+/.$.0$/0%, .88.A%,. ; +/#2#?()!) !"(*)01( !"A02"!$6887!), µ# $. 

9.2.96(7 "9'!$21µ.$. !"(#&-=#$./.  

G/. $'( 92'!+/'2/!µ3 $), !"!&%$/!), "9'!$27µ6$7( 0./ 927$#:(), 92'$#-(#$./ 

) 02"!$.88'A2.4/0> µ#8%$) $7( .88)8'µ3247( +/.4327( #/+1( $), BLG 0./ 

!"µ98307( $'", !# +/.4'2#$/0%, !"(*>0#,. 
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!" #$%"&' ()*" "%(+,#(-. µ/" +')0 ,.12,3. ($ (%(/,4 %,&$*5(6. µ/" µ"7&$' "#62/8" 

68&(9(.".:&'73. 7"$ µ/" +,#$7; 7"&<()6#$7; (µ'8". !"  #$%"&' ()*" *5(6. +&,$4 7-&$(64 

=62$(#(9$7(-4 &>#(64. ?&1+(., ,/."$ ($ 8(µ$7(/ #/:($ +3. =32=(#$%$8/3. 7"$ +3. 

9#67(#$%$8/3.. @6+*4 ($ "µ=$%":,/4 ,.12,$4 ,/."$ 20µ".+$7' 262+"+$7' +3. <$(#(9$71. 

µ,µ<&".1.. A,-+,&(., +" %"&'939" +3. #$%"&1. ()*3. 5&02$µ,-(6. 34 (&µ>.,4 7"$ 34 

,.8(76++"&$7(/ "99,#$(=>&($. !&/+(., +" #$%"&' ()*" ,/."$ 7"-2$µ" µ>&$". @%(:07,-(.+"$ 2+0 

µ(&=; +&$"76#(9#67,&(#1., ($ (%(/,4 ,/."$ µ0 =(&+$2µ*.($ ,2+*&,4 +04 9#67,&>#04. B$ 

+&$"76#(9#67,&>#,4 7"#(-.+"$ ,%/204 7"$ (68*+,&" #/%0 ; +&$9#67,&/8$". !" :0#"2+$7' 8,. 

,/."$ 2, :*20 ." µ,+"+&*C(6. +" #$%"&' ()*" 2, 9#67>D0, 9$"+/ 2+,&(-.+"$ µ$"4 %(&,/"4 

7":"&;4 %"&"939;4 ()"#()$7(-, %6&(2+"=6#$7(- ; '##3. 9#67(.,(9,.,+$71. ,.8$"µ*23. "%> 

+( "7,+6#(-CoA.  

!" #$%"&' ()*" %(6 "%".+1.+"$ 2, <$(#(9$7' 262+;µ"+" 26.;:34 %,&$*5(6. *.". '&+$( 

"&$:µ> "+>µ3. '.:&"7", 76&/34 µ,+")- 12 7"$ 24. E 68&(9(.".:&"7$7; "#62/8" ,/."$ 53&/4 

8$"7#"812,$4, 2, >#" +" #$%"&' ()*". E "#,$="+$7; "#62/8" ,/."$ 86."+>. ." ,/."$ 7(&,2µ*.0 

; ." %,&$*5,$ *.". ; %,&$22>+,&(64 8$%#(-4 8,2µ(-4. E 8$"µ>&=320 +(6 8$%#(- 8,2µ(- 2+" 

%,&$22>+,&" +3. "7>&,2+3. #$%"&1. ()*3. ,/."$ cis. B$ 8$%#(/ 8,2µ(/ +3. %(#6"7>&,2+3. 

#$%"&1. ()*3. 53&/D(.+"$ "%> µ/" +(6#'5$2+(. µ,:6#,.$7; (µ'8". !" #$%"&' ()*" $(.+/D(.+"$ 

2+( =62$(#(9$7> pH 7"$ '&" ,/."$ %$( 232+; 0 "."=(&' 2, "6+' >%34 2+" 7"&<()6#$7' 

".$>.+", 9$" %"&'8,$9µ" %"#µ$+$7> ; 8,7",)".$7>. F+(. '()*+* 1 %"&(62$'D(.+"$ µ,&$7' "%> 

+" #$%"&' ()*" %(6 "%".+1.+"$ 2+" D1" 7"$ 5&02$µ(%($;:07". 34 6%(2+&1µ"+". 

B$ $8$>+0+,4  +3. #$%"&1. ()*3. 7"$ +3. #$%$8/3. %(6 %"&'9(.+"$ "%> "6+' ,)"&+1.+"$ 

"%> +( µ;7(4 +04 "#62/8"4 7"$ +( <":µ> "7(&,2+>+0+'4 +04. !" "7>&,2+" #$%"&' ()*" *5(6. 

5"µ0#>+,&( 20µ,/( +;)04 "%> +" ".+/2+($5" 7(&,2µ*." µ, "#62/8" $8/(6 µ;7(64. G$" 

%"&'8,$9µ", +( 20µ,/( +;)04 +(6 2+,"+$7(- ()*(4 ,/."$ 69,6ºC, ,.1 +(6 ,#"H7(- ()*(4 (+( (%(/( 

%,&$*5,$ *." 8$%#> 8,2µ> cis) ,/."$ 13,4 ºC. !" 20µ,/" +;)04 +3. %(#6"7>&,2+3. #$%"&1. 

()*3. +04 2,$&'4 C18 ,/."$ "7>µ0 %$( 5"µ0#". !( µ;7(4 +04 "#62/8"4 ,%/204 ,%0&,'D,$ +( 

20µ,/( +;)04. G$" %"&'8,$9µ", +( 20µ,/( +;)04 +(6 %"#µ$+$7(- ()*(4 (C16) ,/."$ 7"+' 6,5 
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!"#µ$%& '"µ()*+,-$ ".* "/+* +$/ 0+,"+12$% $34$& (C18). 5 !-"',6" ")/067" 2"1 ( 

"2$-,0+*+(+" "/389$/9 +( -,/0+*+(+" +:9 )1."-;9 $34:9 2"1 +:9 ."-"<;<:9 +$/&. 

=" )1."-8 $34" ,.1µ(2%9$9+"1 2"1 2"#60+"9+"1 "2*-,0+" ".* ,9>/µ128 0/0+?µ"+" 0+( 

µ,µ!-89( +$/ ,97$.)"0µ"+12$% 712+%$/. 5 "2$-,0+*+(+" "."1+,6 NADH 2"1 @2 2"1 A4-,+"1 

,1& .4-"& ".* 49" 0%µ.)$2$ .$/ ".$+,),6+"1 ".* µ6" A)"!$.-:+,B9(, 49" 2/+*'-:µ" 2"1 µ6" 

.-:+,B9( µ, µ( "1µ12* 067(-$. =" "2*-,0+" )1."-8 $34" 0+" #()"0+128 ."-8<$9+"1 ,6+, ".* +$ 

.")µ1+,)"C2* (16:1), ,)"C2* (18:1) ? ".* +$ )19$),912* (18:3). @ "-1#µ*& +:9 "+*µ:9 +$/ 

89#-"2" ".* +$ '-82-$ ,9*& ."-"<;<$/ "2*-,0+$/ )1."-$% $34$& .-$& +$9 .)(0140+,-$ 71.)* 

7,0µ* .10+$.$1,6 +$9 .-*7-$µ$ +$/. =" #()"0+128 7,9 4'$/9 +" 49>/µ" .$/ ,108<$/9 71.)$%& 

7,0µ$%& 0, 8+$µ" 89#-"2" .4-" ".* +$9 C-9 +(& ")/067"& )1."-;9 $34:9. D.$µ49:& +" 

#()"0+128 7,9 ,69"1 0, #40( 9" 0/9#40$/9 )19,)"C2* 2"1 )19$),912*. =" $34" )19,)"C2* 2"1 

)19$),912* ,69"1 +" 7%$ "."-"6+(+" )1."-8 $34". @ *-$& «"."-"6+(+"» "9"A4-,+"1 0+$ <,<$9*& 

*+1 .-4.,1 9" .,-14'$9+"1 0+( 76"1+", <1"+6 "."1+$%9+"1 ".* +$9 $-<"910µ* 2"1 7,9 µ.$-$%9 9" 

0/9+,#$%9 ,97$<,9;&. =" )19,)"C2* 2"1 )19$),912* +" $.$6" )"µ!89$9+"1 71"1+(+128, ,69"1 +" 

0(µ,6" "A,+(-6"& <1" +( 0%9#,0( µ6"& .$121)6"& 2"1 8)):9 "2*-,0+:9 )1."-;9 $34:9.  

 

 

!"#$%$& 1.  E,-128 ".* +" )1."-8 $34" .$/ "."9+;9+"1 0+" >;" 2"1 '-(01µ$.$1?#(2"9 :& 

/.$0+-;µ"+". 
'()#* *#(µ$ +,µ)%*& -./(& 01)2µ*& 

$#213%4# 

01)2µ*& 

5)/67# 589µ7# 

:,µ8"( 

-;<,& (ºC) 

F"$/-12* CH3(CH2)10COO
G
 12 0 44 

E/-10+12* CH3(CH2)12COO
G
 14 0 58 

H+,"+12* CH3(CH2)16COO
G
 18 0 72 

I-"'1712*  CH3(CH2)18COO
G
 20 0 77 

D)"C2* CH3(CH2)7 CH=CH(CH2)7COO
G
 18 1 13,4 

F19,)"C2* CH3(CH2)4 (CH=CHCH2)2(CH2)6COO
G 18 2 -5 

F19$),912* CH3CH2 (CH=CHCH2)3(CH2)6COO
G 18 3 -11,3 

I-"'17$912* CH3(CH2)4 (CH=CHCH2)4(CH2)2COO
G 20 4 -49,5 
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!"#$%&'() *+,. -* .,.-/0$1$*'/*µ$123 0*4 &5&#060&" µ$ 07 µ*189 :%4($1";<*4 /$ 

5*%%6 840"(6 2%&"&, /0& *5*<& 51*/;<;$" /$ µ$:6%* =&>µ) +71&"#)µ$#* ?&1&(091&. @0/", 

5$1"2?$0&" /$ /7µ&#0"(23 &#&%*:<$3 /$ 5*%%6 7µ"-+71&"#)µ$#& 2%&"&, )5A3 $<#&" 0* 

=&µ=&(2%&"*, 0* (&%&µ5*(2%&"*, 0* 2%&"* 5*4 $+6:$0&" &5) 0*43 /5)1*43 0A# /0&84%"B#, 0* 

7%"2%&"*, 0* /*:"2%$"* (.6., 0A# *5*<A# $<#&" ;4#&0) #& /4#"/06 µ2?1" (&" 0* 70% 0A# %"5&1B# 

0*43 *+2A#. C<#&" 6?1Aµ* 2A3 45*(<01"#* 4:1), $";"(*, =61*43 0,9 5*4 /0$1$*5*"$<0&" /0*43    

-5ºC, &;"6%40* /0* #$1), ;"&%40) /0*43 5$1"//)0$1*43 *1:&#"(*,3 ;"&%,0$3. D17/"µ*5*"$<0&" 

/07 /&5A#*5*"<&, /07 8&1µ&($40"(9 (&" /07 ="*µ7?&#<& 01*8<µA#. -* µ<:µ& %"#$%&'(*, (&" 

%"#*%$#"(*, *+2*3 &#&821$0&" /4?#6 (&" A3 ="0&µ<#7 F. 

-* %"#*%$#"() *+, &5&#060&" µ$ 07 µ*189 :%4($1";<*4 /0& 5$1"//)0$1& &5) 0& 

+71&"#)µ$#& 2%&"&, )5A3 5.?. /0* %"#2%&"* (&" 0* (&##&=2%&"*, 0A# *5*<A# &#0"51*/A5$,$" 

5$1"//)0$1* &5) 0* 50% 0*4 /4#)%*4 0A# %"5&1B# *+2A# 0*43. E5*0$%$< $5</73 /4/0&0"() 

*1"/µ2#A# $;B;"µA# $%&<A# )5A3 $<#&" 0* 2%&"* (&14;"B#, 0* /*:"2%&"* (.6., /0& *5*<& 

&5*0$%$< 0* 6%-15% 0A# %"5&1B# *+2A# 0*43. C<#&" 6?1Aµ* 4:1), $";"(*, =61*43 0,92 5*4 

/0$1$*5*"$<0&" /0*43 -11ºC, &;"6%40* /0* #$1), ;"&%40) /0*43 5$1"//)0$1*43 *1:&#"(*,3 

;"&%,0$3. D17/"µ*5*"$<0&" /07 8&1µ&($40"(9 (&" A3 /4/0&0"() +71&"#)µ$#A# $%&<A#.  

-* &1&?";*#"() *+, &#9($" /07# (&07:*1<& 0A# &5&1&<070A# %"5&1B# *+2A# ((&" &40) 

$#06//$0&" /07 ="0&µ<#7 F). -& 01":%4($1<;"& 0*4 $%&<*4 073 12::&3 (&" 0A# 6%%A# "?>4$%&<A# 

$<#&" 5%*,/"& /$ &1&?";*#"() *+,. C<#&" $5</73 /4/0&0"() 0A# 8A/8*%"5*$";B# 0A# 

5$1"//)0$1A# FA"(B# *1:6#A# (/4(B0", $:(28&%*3, &;2#$3 (.%.5.) (&>B3 (&" 0*4 FA"(*, 

&5*>7($4µ2#*4 %<5*43, &%%6 ;$# 4561?$" /0& 840"(6 %<57 (&" 2%&"&. G1);1*µ*3 ="*/,#>$/73 

0*4 &1&?";*#"(*, *+2*3 $<#&" 0* :-%"#*%$#"() *+, (3,6,9-;$(&*(0&01"$#"()) 5*4 &1?"(6 

$5"µ7(,#$0&" 51*3 *µ*-:-%"#*%$#"() (5,8,11-$"(*/"01"$#"()) (&" &40) µ$06 &84;1*:*#B#$0&" 

/07 >2/7 14 51*3 &1&?";*#"() *+,. -* &1&?";*#"() *+, $<#&" 7 57:9 5*%%B# 5*%, ;1&/0"(B# 

µ7#4µ&0*8)1A# µ*1<A#, )5A3 *" *1µ)#$3 51*/0&:%&;<#$3 &5*0$%B#0&3 51);1*µ* 2#A/7 :"& 07 

="*/,#>$/9 0*43.    

-* &1&?";"() *+, (*#*µ6F$0&" $5</73 &1&?"() (&" &1&?"#"() *+,) &5*0$%$< /4/0&0"() 

5*%%B# 840"(B# %"5B# (&" $%&<A# &%%6 /$ µ"(19 &#&%*:<& /$ /?2/7 µ$ 6%%& %"5&16 *+2&. 

H/51& (14/0&%%"(6 84%%<;"&, ;"&%406 /0*# &">21&, %<:* ;"&%406 /07# &">4%"(9 &%(*)%7 (&" 

&;"6%40&  /0*  #$1).  @?$"  $";"()  =61*3  0,824  (&"  /7µ$<*  F2/73  205 ºC  (/$ 5<$/7 1mmHg).                                                                                                                                                                                                      

G&1&/($46F$0&" &5) 0* &1&?";2%&"* 5*4 $<#&" 0* 2%&"* 0A# /5$1µ60A# 073 &1&?<;&3, /0& *5*<& 
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!"!#$%$!& µ' $( µ)*+, -./0'*&12)/ 0!& 3*(4&µ)")&'2$!&, 4$(# "!*!-5-, 4!")/#&6#, 0(*6#, 

".!4$&06#, 4$( 7&)3(µ&0, 8*'/#! 0!& 4' )*-!#&089 4/#:84'&9.  

;) µ/*&4$&0< )=> !")$'.'2 4/4$!$&0< $)/ µ)/40!$2)/ 7)/$>*)/ (75%) µ' $( µ)*+, 

-./0'*&12)/ $)/ 0!& $)/ 0($'2)/ 4"8*µ!$)9. ?2#!& .'/0<, 0*/4$!..&0< 4$'*'<, !1&%./$) 4$) 

#'*<, 1&!./$< 4$(# !&:/.&0, !.0)<.( 0!& 4$)# !&:8*!. @*(4&µ)")&'2$!& 4$(# !*5µ!$)")&2! 0!& 

4$( 4!"5#)")&2!. 

     ;) µ/*&4$'.!A0< )=> '2#!& 8#! 5µ8-!-5 .&"!*< )=>. B'# '2#!& 0)&#< 4$( +>4(. C2! 

!"< $&9 0>*&'9 "(-89 !/$)> $)/ .&"!*)> )=8)9 '2#!& $) 8.!&) $5# 4"<*5# $5# +/$6# $(9 

)&0)-8#'&!9 Myristicaceae 4$) )")2) !")$'.'2 "%#5 !"< $) 30% 4' )*&4µ8#! '21(. D 

0($/.'4$8*!9 $)/ µ/*&4$'.!A0)> )=8)9 83'& 7&).)-&089 &1&<$($'9, 1*! 59 !#$&+.'-µ)#61'9, 59 

!#!.-($&0<, 0!:69 0!& 59 */:µ&4$,9 $)/ !#)4)")&($&0)> 4/4$,µ!$)9. 

;) '.!A0< )=> !"!#$%$!& µ' $( µ)*+, -./0'*&125# $)/, 0/*259 4' +/$&0% 8.!&!, <"59 

'2#!& ".3. $) '.!&<.!1), !..% 0!& 4' E5&0% .2"(, !"< <")/ 0!& '=%-'$!&. F/-0'0*&µ8#! 4$) 

'.!&<.!1), 4$) !µ/-1!.8.!&) 0!& 4$) !*!3&18.!&) !+*&0!#&0,9 "*)8.'/4(9 "'*&83'$!& 4' 

!#!.)-2! $(9 $%=(9 $)/ 60%. C&0*<$'*( '2#!& ( "'*&'0$&0<$($% $)/ 4' %..! +/$&0% 8.!&! -

<"59 ".3. 4$) +)&#&08.!&)- 0!& 4$! E5&0% .2"(, ")/ 0/µ!2#'$!& µ'$!=> 25-50%. G!*%-'$!& µ' 

/1*<./4( $5# -./0'*&125# $)/. D& "*6$'9 >.'9 4$&9 )")2'9 !/$% "'*&83)#$!& /")7%..)#$!& 4' 

0.!4µ%$54( µ' H>=(, )"<$' 1&!35*2E)#$!& $! -./0'*21&! µ' /H(.% 43'$&0% 4(µ'2! ",=(9 ()& 

4$'!$2#'9) !"< $! '.!&61( -./0'*21&! µ' 3!µ(.<$'*! 4(µ'2! ",=(9 ()& '.!I#'9). J0).)/:'2 

!"<4$!=( -&! $)# "'*!&$8*5 0!:!*&4µ< $)/ '.!A0)> )=8)9 ")/ "!*%-'$!& µ' $)# "!*!"%#5 

$*<"). ;) 0!:!*< '.!A0< )=> '2#!& %3*5µ) '.!&61'9 /-*< µ' '&1&0< 7%*)9 0,895. K$!# H>3'$!& 

0*/4$!..6#'$!&, '#6 $) 4$'*'< '.!A0< )=> $,0'$!& 4$)/9 14 ºC 0!& 83'& 4(µ'2) E84(9 255 ºC 

(4' "2'4( 32mmHg). ?2#!& !1&%./$) 4$) #'*<, '#6 1&!.>'$!& 4' <.)/9 43'1<# $)/9 )*-!#&0)>9 

1&!.>$'9, <"59 ".3. !&:/.&0, !.0)<.(, !&:8*!9, 3.5*)+<*µ&) 0!& 7'#E<.&). ?2#!& '>.'0$), !..% 

1'# '2#!& $)=&0<. J#$&1*% µ' $) /1*)-<#), $) )")2) !#)*:6#'& $) 1&".< 1'4µ< $)/ µ)*2)/ $)/, 

µ'$!$*8")#$%9 $) 4' 4$'!$&0< )=>-8#!9 $*<")9 "!*!40'/,9 4$'!$&0)> )=8)9-. @*(4&µ)")&'2$!& 

4$( 4!"5#)")2&!, -&! $(# "!*!40'/, 0!../#$&06#, !.)&+6#, .&"!#$&06#, 4$&.75$&06# /.&06#, 

4' '"&0!.>H'&9 '"&+!#'&6#, 4$( µ'$!..)/*-2! 0!$% $)# 'µ".)/$&4µ< µ' '"2".'/4( $5# 

µ'$!..'/µ%$5#, 4' "*<4:'$! $*)+2µ5#, 0!:69 0!& 4' )*-!#&089 4/#:84'&9.  
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!" #$%&$'() "*+  &,&-$.$&' µ% $/ µ"012 345(%0'678- (%#$908- $"5 µ% $/- 345(%07-/), 

&,) ("'-"+ µ% $" ,&4µ'$'() "*+ (&' $" %4&:() "*+, #$& ;8'(. 47,/ (&' #$& 560"3"-8µ9-& 

15$'(. 94&'&. !" <"+$50" $"5 (&(." ,%0'9=%' #$%&$'() "*+ #% &-&4"37& µ%3&4+$%0/ &,) 30%. 

!& ;8'(. 47,/ (,.=. 4&067, *733'&) ,%0'9="5- 20%-30% #$%&$'() "*+, %-> #$& 15$'(. 47,/ (&' 

94&'&, %1)#"- 6%- 9="5- 5,"<4/?%7 #% 560"3)-8#/, / ,%0'%($'()$/$. $"5 %7-&' 3%-'(. 

µ'(0)$%0/ &,) 6%. !" =/µ'(>@ (&?&0) #$%&$'() "*+ %7-&' 4%5(), (/0>6%@, (05#$&44'() 

#$%0%), 9=%' %'6'() <.0"@ 0,84. !2(%$&' #$"5@ 69,6 ºC (&' &,"#$.;%' 5,) %4&$$8µ9-/ ,7%#/ 1 

mmHg #$"5@ 183,6 ºC. A=%' &#?%-2 "#µ2 (&' 3%+#/ ;8'("+ 47,"5@. B7-&' &6'.45$" #$" -%0), 

%-> 6'&4+%$&' #$/- &'?54'(2 &4(")4/, #$"- &'?90&, #$" =480"1)0µ'", #$" <%-;)4'", #$"- 

$%$0&=480.-?0&(& (&' #$"- 6'?%'.-?0&(&. C0/#'µ","'%7$&' 3'& $/- ,&0&#(%52 (%0'>-, 

(&445-$'(>- (&' &10>- *507#µ&$"@, 4',&-$'(>-, 1&0µ&(%5$'(>- ,0":)-$8-, 54'(>- 

%,'(&4+D%8-, #&,"5-'>- (.4.,. 

!" 4&"50'() "*+ &,&-$.$&' µ% $/ µ"012 $0'345(%0'67"5 $"5 #$"5@ (&0,"+@ $/@ 6.1-/@, 

#$" ("()4',"@, (&?>@ (&' #$" (2$%'" 47,"@ µ% $/ µ"012 %#$90& $"5 µ% $/- (/$54'(2 &4(")4/. 

B7-&' .=08µ" (05#$&44'() -<%4"-)µ"01"- #$%0%), ,"5 $2(%$&' #$"5@ 43 ºC (&' ;9%' 5,) ,7%#/ 

100mmHg #$"5@ 225 ºC. B7-&' &6'.45$" #$" -%0), %56'.45$" #$/- &'?54'(2 &4(")4/ (&' #$"- 

&'?90&. C0/#'µ","'%7$&' #$/ <'"µ/=&-7& (&445-$'(>-, #$/ #&,8-","'7&, 3'& $/- ,&0&#(%52 

0/$'->- (&' %-$"µ"($)-8-, 8@ µ9#" 6'&<0"=2@ (&' 8@ ,0>$/ +4/ #% "03&-'(9@ #5-?9#%'@. 
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 Lauric acid  

 

   

 

 

                             

 

Stearic acid    
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Oleic acid                              

 

 

 

     
   Linoleic acid 
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 Linolenic acid 

 

 

 

 

 
  

Myristic acid 
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Myristoleic acid 

     

 

 

  
Arachidonic Acid 
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Arachidic Acid 
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! "#$%µ&'( D  )%&*+# ,)-./%&- 012- ,$-' 32+45- $-. µ+$%"-2#,µ-6 $-. %,"+,$&-. 7%# 

$-. 89,810-.. :01/0-µ- $(; "#$%µ&'(; D +&'%# ( 5-2(,$+012(. ! 7-!"#!$%&%'()*"$+'( (7-

Dehydrocholesterol,  )0-"#$%µ&'( D3) 89$-26+$%# µ+ .)+0#</+; 89; )0-; )0-"#$%µ&'( D3, ( 

-)-&% %.=10µ($% #,-µ+0+#<'+$%# )0-; "#$%µ&'(  D3. ! "#$%µ&'( D3 (5-2-%,"+,$#-8+012() 

µ+$%$03)+$%# ,$( /0%,$#7> -0µ1'( %,"+,$#-$0#12( (1,25-/+?/0-@.5-2-%,"+,$#-8+012(), µ+ 

%'$#/0A,+#; ./0-@.2&9,(; )-. 2%µ"A'-.' 5<0% ,$- >)%0 7%# $-.; '+80-6;. ! "#$%µ&'( D2 

(+04-%,"+,$#-8+012() µ)-0+& '% ,.'$+=+& µ+ 3'%' )%01µ-#- $01)- %05&*-'$%; %)1 $(' 

"$,%)*"$+'( (Ergosterol, ergosta-5,7,22-trien-3"-ol, )0-"#$%µ&'( D2),  µ#% 8.$#7> ,$+012(. ! 

"#$%µ&'( D2 /#%830+# %)1 $(' D3 ,$- 1$# 35+# 3'% /#)21 /+,µ1 µ+$%@6 C-22 7%# C-23 7%# µ&% C-

24 µ+=.2-µA/%. ! 322+#B( $(; "#$%µ&'(; D ,$(' )%#/#7> (2#7&% )0-7%2+& 0%5&$#/%                          

-)+0#40A8(7+ %)1 $-' Daniel Webster $- 1645- ( -)-&% 5%0%7$(0&*+$%# %)1 %'+)%07> 

%,"+,$-)-&(,( $-. 51'/0-. 7%# $9' -,$<'. C% 32%#% %)1 >)%0 B%0#-6 35-.' .B(2> 

)+0#+7$#71$($% ,+ "#$%µ&'( D 7%# 3$,# $- ()%$32%#- "%7%2A-. (7-#'<; µ-.0-.'32%#-) 

50(,#µ-)-#>=(7+ +)& 501'#% 9; )2-6,#% )(4> $(; "#$%µ&'(;. D>µ+0% -# )23-' ,-"%03; 

/#%#$($#73; )(43; $(; "#$%µ&'(; D +&'%# $% +'#,5.µ3'% µ’%.$> $018#µ%. D$#; !'9µ3'+; 

:-2#$+&+; $- 4A2% +&'%# +'#,5.µ3'- ,+ +)&)+/- 400 (IU) /#+='<' µ-'A/9' (10µg) %'A 250mL.    
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Ergosterol   Provitamin D2     

 

         

          

 
7-Dehydrocholesterol   Provitamin D3 
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