
CHAPTER II 
BACKGROUND AND LITERATURE SURVEY

2.1 Proteins and Antibiotics

2 .1 .1  P ro te in s
P ro te in s  are th e  m o st  abundant org a n ic  m o le c u le s  w ith in  th e  c e ll c o n ta in in g  

fou r  m o st p rev a len t b io lo g ic a l e lem en ts: carb on  (5 0  p ercen t), h y d r o g e n  (7  p ercen t), 
o x y g e n  (2 3  p ercen t), and n itro g en  (1 6  p ercen t). In a d d itio n  th ere  is  su lfu r c o n ten t in  
p rote in s up  to  3 p ercen t con trib u ted  tertiary stru ctu re o f  p ro te in s. W h e n  p ro te in  is  
e x p o se d  to  c o n d it io n s  s u ff ic ie n t ly  d ifferen t from  its n orm al b io lo g ic a l  en v ir o n m e n t, a 
structural c h a n g e , ca lled  d én aturation , ty p ic a lly  le a v e s  th e  p ro te in  u n a b le  to  serv e  its  
n orm al fu n c tio n . R e la t iv e ly  sm a ll c h a n g e s  in  so lu t io n  tem p era tu re  or pH , for  
e x a m p le  m a y  c a u se  d én aturation . S iz e  o f  th is  b io p o ly m e r  v a r ie s  c o n s id e r a b ly  w ith  
m o le c u la r  w e ig h t  ran g in g  from  6 ,0 0 0  to  o v e r  1 m illio n . P r o te in s  ca n  b e  iso la te d , 
p u rified , and ch ara cter ized  b y sev era l d iffe r e n t ty p e s  o f  p h y s ic a l and c h e m ic a l 
tech n iq u e s  b a se d  o n  d ifferen t m o lecu la r  p rop erties (B a ile y  and  O ill is , 1 9 8 6 ).

2 .1 .2  A n tib io tic s
S e c o n d a r y  m eta b o lism  p rod u cts , w h ic h  in h ib it g r o w th  o f  m icro b ia l sp e c ie s , 

e v e n  at lo w  le v e ls , are ca lled  an tib io tics. U s e s  o f  a n tib io tic  are fou n d  in  
a n tim icro b ia ls  (h u m a n  d ise a se ) , an titum or ag en ts , fu n g ic id e s  and p e s t ic id e s  fo r  p lant  
p rotection , an im al d ise a se s  and an im al g r o w th  p rod u cts , and resea rch  m o re  than
6 ,0 0 0  a n tib io tic s  are k n o w n , o f  w h ic h  n early  10 0  are p ro d u ced  c o m m e r c ia lly  v ia  
ferm en ta tio n . A n tib io tic  c la s s if ic a t io n s  are b ased  o n  b read th  o f  a n tim icro b ia l ac tio n  
(b road  v s . n arro w  ran ge), b a sis  o f  a c tiv ity  (m e c h a n ism ), so u r c e  (p ro d u cer  strain), 
b io sy n th e t ic  p a th w a y , and m o lecu la r  structure (B a ile y  and O llis , 1 9 8 6 ).

2.2 Protein Separation

S ep a ra tio n  o f  P ro te in  stro n g ly  p la y s  a ro le  in  b io te c h n o lo g y  ap p lica tio n s. 
T h e trad ition a l m e th o d s  for  reco v ery  o f  b io m o le c u le s  fro m  m ix tu re , su ch  as
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ch ro m a to g ra p h y  and e lec tr o p h o r e s is , w e r e  d e v e lo p e d  fo r  s m a ll-s c a le  a n a ly tica l or  
p rep ara tive  a p p lic a tio n s  (H atton , 1 9 89 ). L iq u id -liq u id  e x tr a c tio n  o ffe r s  th e  
a d v an ta ge  o f  e c o n o m y  o f  s c a le  but it is d if f ic u lt  to  f in d  a su ita b le  so lv e n t  h a v in g  
d esired  s e le c t iv ity  and ca p a c ity  for  in terestin g  p ro d u cts  and g e n t le  o n  se n s it iv e  
p rote in  stru ctu res. M ic r o e m u ls io n  is  a ca n d id a te  extractan t w h ic h  ca n  s o lv e  th e se  
p rob lem s.

2.3 Microemulsion

A  m ic r o e m u ls io n  is g e n e r a lly  co n s id e r e d  to  b e  n a n o m e te r s  d rop le ts  o f  o n e  
ty p e  o f  f lu id  e n c a se d  in  su rfactant sh e ll and d isp e r se d  th ro u g h o u t a se c o n d  im m is ib le  
flu id . It is  th e r m o d y n a m ic a lly  s ta b le  as lo n g  as c o n d it io n s  arou n d  th em  are 
u n ch a n g ed . O n  th e  o th er hand, b y  c h a n g in g  tem p era tu re , p H , or  c o m p o s it io n  to  th e  
v a lu e  at w h ic h  th e  m ic r o e m u ls io n  is  n o lo n g er  e n e r g e t ic a lly  fa v o r a b le , th e  sy s te m  
w ill  b e  d e s ta b iliz e d  (D u n g a n , 1 9 9 7 ).

2 .3 .1  M ic r o e m u ls io n  F orm a tion
T h e  sp o n ta n e o u s  fo rm a tio n  and th erm o d y n a m ic  s ta b ility  o f  m ic r o e m u ls io n s  

w e r e  con tr ib u ted  to  d ecrea se  in terfac ia l te n s io n  b e tw e e n  w a te r  and o il. T h e  free  
en erg y  o f  fo r m a tio n  o f  m ic r o e m u ls io n s  c o n s is ts  o f  th ree  con tr ib u tion s: (1 )  in ter fa c ia l 
free  en ergy , (2 )  en erg y  o f  in tera ctio n  b e tw e e n  d ro p le ts , and (3 )  en tro p y  o f  d isp ers io n . 
A n a ly s is  o f  th e  th erm o d y n a m ic  fa c to r  sh o w e d  that th e  co n tr ib u tio n  o f  th e  in tera ctio n  
en erg y  b e tw e e n  d rop lets  w a s  n e g lig ib le  and that th e  free  e n e r g y  o f  fo rm a tio n  ca n  b e  
ze r o  or n e g a tiv e  i f  th e  in terfac ia l te n s io n  is  v e r y  lo w  ( o f  th e  o rd er  o f  10'2 - 1 0 ' 3 
m N /m ), a lth o u g h  n o t n e c e ssa r y  n eg a tiv e . F u rth erm ore, p h a se  b e h a v io r  s tu d ie s  o f  
n o n io n ic  su rfa cta n t sy s te m s as a fu n c tio n  o f  tem p era tu re  sh o w e d  th a t th e  h y d r o p h ile -  
lip o p h ile  p ro p er tie s  su ch  as h y d r o p h ile - lip o p h ile  b a la n c e  (H L B ), o f  e th o x y la te d  
n o n io n ic  su rfa cta n ts  are h ig h ly  tem p era tu re  d ep en d en t. T h e  c o n c e p t  o f  H L B  
tem p era tu re or  p h ase  in v e r s io n  tem p era tu re (P IT ) is th e  tem p era tu re  at w h ic h  th e  
h y d r o p h ile - lip o p h ile  p rop erties o f  th e  su rfactan ts are b a la n ced . F u rther stu d ies  
sh o w e d  th at th e  e f fe c ts  p ro d u ced  b y  tem p era tu re in  n o n io n ic  su rfa cta n t sy s te m s  w e r e  
p ro d u ced  b y  sa lin ity  in  io n ic  su rfactan t sy stem s.
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2 .3 .2  M ic r o e m u ls io n  Structure
T w o  m ain  g en era l stru ctu res h av e  b e e n  p r o p o se d  and are accep ted : d iscre te  

m ic r o e m u ls io n s  and b ic o u n tin e o u s  m ic r o e m u ls io n s  (S o la n , P o n s , and K u n ied a ,
1 9 9 7 ). D isc r e te  m ic r o e m u ls io n s  c o n s is t  o f  th e  d o m a in  o f  o n e  o f  th e  p se u d o p h a se s  
(w a ter  or o i l)  d isp ersed  in  th e  o th er p seu d o p h a se . T h e se  stru ctu res are g e n e r a lly  
fo u n d  w h e n  th e  m a in  c o m p o n e n t o f  o n e  o f  th e  p se u d o p h a se s  (w a te r  or o il)  is  p resen t  
in  a h ig h er  p ro p o rtio n  than th e m ain  c o m p o n e n t o f  th e  o th er p se u d o p h a se  and litt le  
su rfactant is  p resen t. T h e  structure o f  th is  ty p e  o f  m ic r o e m u ls io n  r e se m b le s  that o f  
e m u ls io n s  in  th a t o n e  p h a se  is  d isp ersed  in an o th er  p h ase . In  co n tra st to  th e  d iscre te  
m ic r o e m u ls io n  stru ctu re w h ic h  is  r e s t iv e ly  e a sy  to  treat th e o r e tic a lly , th e  stru ctu re o f  
b ic o n tin u o u s  m ic r o e m u ls io n s  is  m o re  d if fic u lt  to  v is u a liz e  and  th ere fo re  its  
th eo retica l trea tm en t is co m p lic a te d . In a b ic o n tin u o u s  m ic r o e m u ls io n  b o th  th e  
a q u eo u s and o il p h a se s  are c o n tin u o u s. T h is co n tin u ity  m e a n s  th at it is  p o s s ib le  to  g o  
fro m  o n e  e x tr e m e  o f  th e  sy s te m  to  th e  o th er b y  e ith er  an o il p a th  or  an a q u eo u s  path. 
T h e m o st  c o m m o n ly  u se d  c la s s if ic a t io n  for  p h ase  d ia gram s in  o il/w a te r /a m p h ip h ile  
m ix tu re  as sh o w n  in  F ig u re  1 w a s  p ro p o sed  b y  W in so r  ( 1 9 8 4 )  w h o  d escr ib ed  th ree  
ty p e s  o f  sy stem :

1. W in so r  I. A t  lo w  tem peratu re fo r  th e  n o n - io n ic  and  at lo w  e le c tr o ly te  
c o n cen tra tio n  fo r  th e  io n ic , th e  surfactant is  p re feren tia lly  s o lu b le  in  th e  w a te r  and  
o il- in  w a ter  (O /W ) m ic r o e m u ls io n s  are form ed . N o  su rfactant a g g r e g a te s  e x is t  in  th e  
o il p h a se  in  th is  reg io n , o n ly  a sm a ll c o n cen tra tio n  o f  su rfactan t m o n o m er .

2. W in so r  III. A s  tem p era tu re is  ra ised  for  n o n - io n ic  su rfactan t or  
e le c tr o ly te  co n ce n tr a tio n  in crea sed  for  th e  io n ic , e v e n tu a lly  th e  s y s te m  sep a ra tes  in to  
th ree  p h ases. T h e  m id d le  p h a se  co n ta in s  o il, w a te r  and th e  m a jo r ity  o f  th e  su rfactan t  
and is  referred  to  as a m id d le -  p h ase  m ic r o e m u ls io n . N o  su rfactan t a g g r e g a te s  n o w  
e x is t  in  e ith er  th e  a q u eo u s  or  th e  o il p h ase.

3. W in so r  II. W ith  further h ea tin g  or e le c tr o ly te  ad d itio n , th e  sy s te m  
b e c o m e s  tw o  p h a se s  again , th e  su rfactant is m a in ly  in  th e  o il p h a se  s ta b iliz in g  a 
w a te r -in -o il (W /O ) m icro em u ls io n ; n o surfactant a g g r e g a te s  are le ft  in  th e  a q u eo u s  
p h ase , m e r e ly  a sm a ller  co n cen tra tio n  o f  m o n o m er  w ith  w h ic h  th e  m ic r o e m u ls io n  is  
in  eq u ilib r iu m  (C lin t, 1 9 9 2 ).
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2  p h a se  3 p h ase  2  p h a se

E x c e s s  
o il

M

E x c e ss
w a ter

---------------:--------------- ►In crea sin g  tem p era tu re
(n o n io n ic  su rfactan t)

------------------------------ ►In creasin g  sa lin ity
( io n ic  su rfactant)

Figure 2.1 S e q u e n c e  o f  m ic r o e m u ls io n s  e n co u n ter ed  as tem p era tu re  or sa lin ity  is  
scan n ed  fo r  n o n io n ic  or io n ic  su rfactants, r e sp e c tiv e ly . M o s t  su rfactan ts are in  
sh ad ed  m ic r o e m u ls io n  p h a se  in  ea c h  case . In th e  th ree  p h a se s  sy s te m  th e  
m ic r o e m u ls io n  co n ta in s  b o th  o il and w ater .

2 .3 .3  A p p lic a t io n s
D u e  to  e x c e lle n t  p rop erties, m ic r o e m u ls io n s  are u se d  in  v a r io u s  

a p p lica tio n s . In  c o sm e t ic s  and fo o d s , f lav ors, p reserv a tiv es , and n u trien ts that are  
p o o r ly  so lu b le  in  w a te r  can  b e in co rp o ra ted  in  w a te r -b a se d  c o s m e t ic s  and f o o d s  b y  
so lu b iliz in g  w ith in  su rfactant a g g reg a tes . M ic r o e m u ls io n  ca n  b e  u se d  to  con tro l drug  
r e lea s in g  w h ic h  is  n e c e ssa r y  for  a n tica n cer  th erap y  in  c a s e  o f  drug e f f ic a c y  
im p r o v e m e n t and red u ction  o f  u n w a n ted  to x ic  s id e  e ffe c ts . E x tr a c tio n  o f  p ro te in , th e  
fo c u s  o f  th is  stu d y  can  a lso  b e  d o n e  e ff ic ie n t ly  b y  rev e rse  m ic e l le s  (G a rc ia -C e lm a ,  
1 9 9 7 ).

E x c e s s
o il

■ พ/อ

: อ/พ

E x c e s s
w a te r
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2.4 Transfer of Protein into Reverse Micelles

Reverse micelles can be an effective extractant for recovery, purification, 
and concentration of proteins using liquid-liquid extraction techniques as shown in 
Figure 2.

Figure 2.2 A schematic representation of the reverse micellar extraction of proteins 
(Hatton, 1989).

Electrostatic interaction between the charged polar heads of the surfactant 
and opposite charged groups of the protein is mostly accepted to be the driving force 
in liquid-liquid extraction of protein using reverse micelles (Hatton, 1989). 
However, other forces may also play an important role in the solubilization 
mechanism such as hydrophobic interaction (Pires and Cabral, 1993).

2.4.1 Factors Affecting Protein Solubilization
The distribution of proteins between a micellar organic phase and an 

aqueous solution is largely determined by the conditions in the aqueous bulk phase, 
namely pH, ionic strength, and salt type. The parameters related to the organic phase 
also influence the partition of a protein, such as the type and concentration of 
surfactant, presence of cosurfactant, and solvent type. Changes in temperature also
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affect the solubilization of biomolecules in reverse micellar systems (Pires, Aires- 
Baros, and Cabral, 1996).

2 .4 .1 .1  E ffec t o f  p H
The pH of the solution should affect the solubilizatioin characteristics of a 

protein primarily in the way in which it modifies the charge distribution over the 
protein surface. Secondary factors, such as change in protein conformation as a 
result of pH swings, may also play a role in this regard. At pH values below its 
isoelectric point (pi), or point of zero net charge, the protein will take on a net 
positive charge and solubilization should be possible with anionic surfactants. On 
the other hand, protein will be negatively charged while pH is greater than PI of 
protein, therefore cationic surfactants are suitable (Hatton, 1989).

2.4 .1 .2  E ffec t o f  ion ic  stren gth
Ionic strength of aqueous solution affects protein-partitioning behavior in 

many ways. The first is through the mediation of the electrostatic interaction 
between the protein surface and the surfactant headgroups via modification of the 
properties of the electrical double layers adjacent to both the charged inner micellar 
wall and the protein surface. Increasing in ionic strength reduces protein-surfactant 
interaction and surfactant headgroups repulsion leading smaller reverse micelles and 
decreasing protein solubilization through a size exclusion effect. Ionic species also 
migrate to the micelle water pool and displace proteins (Hatton, 1989).

2.4 .1 .3  E ffect o f  sa lt
Salt and buffer type are important factors in determining the transfer across 

an organic solvent bridge between two aqueous solutions of different pH and ionic 
strength (Hatton, 1989).

2 .4 .1 .4  E ffec t o f  so lven t
Critical concentrations are the boundary concentrations dividing 

microemulsion Winsor I/III and Winsor III/II that are changed with solvent type. For 
alkane type solvents, the smaller the solvent molecular volume, the lower the critical 
cosurfactant concentration, the lesser cosurfactant is needed. Numerous studies of 
microemulsion have proposed that solvent penetration into surfactant hydrocarbon 
chain layer increases with decreasing solvent molecular volume. This penetration
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can increase the interfacial mixing entropy and therefore, stabilize the interfacial 
layer.

2 .4 .1 .5  E ffec t o f  s u r f  a c ta n t
Ligand of specified surfactant affects the affinity of protein partition which 

is a result from selectivity of protein on that surfactant reverse micelle. Beside the 
effect of surfactant type, concentration is also important in capacity of reverse 
micellar water phase which is increasing with surfactant concentration (Hatton, 
1989).

2 .4 .1 .6  E ffect o f  cosu rfactan t
A cosurfactant is a low molecular weight amphiphilic molecule presented 

within the interfacial layer of micelles resulting in low CMC of the surfactants 
(Harwell, 1991). Cosurfactants alone do not form stable aggregates in apolar 
solvents but they can be incorporated into reverse micellar structures to modify the 
interfacial properties of reverse micelles resulting in a more organized aggregate 
structure, increasing water capacity, and facilitating activity of the enzyme in reverse 
micelle (Freeman e t a l ,  1998).

2.5 Extraction of Protein Using Microemulsion

The possibility of using water-in-oil microemulsions to extract protein 
molecules from an aqueous phase has been extensively studied by many research 
groups. In this approach, an aqueous phase containing protein is contacted with a 
water-in-oil microemulsion and, under the appropriate conditions, the protein is then 
preferentially solubilized or transferred into the microemulsion phase. There have 
been numerous studies on extraction of various types of proteins using 
microemulsions, particularly the bis (2-ethylhexyl) sodium sulfosuccinate or AOT 
systems.

Cabral and Aires-Barros (1993) studied transfer of a-chymotrypsin into 
microemulsion droplet using bis (2-ethylhexyl) sodium sulfosuccinate (AOT) as a 
surfactant. They observed that, with the negative charges of AOT headgroups 
electrostatics were found to play a major role in the extent of transfer. At pH value 
below the isoelectric point, the protein had a net positive charge that facilitated its
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transfer into the microemulsion droplet, where it can interact attractively with AOT 
headgroups.

Effect of surfactant concentration and water content in the microemulsion 
phase on amount of transfer of a-chymotrypsin into AOT reverse micelles was 
examined by Kelly, Rahaman, and Hatton (1991). They showed that amount of 
solubilized proteins increase significantly as the water content rise above a particular 
amount. There was also a certain ratio of water to surfactant for each specific 
surfactant concentration which is suitable for the partition of a-chymotrypsin in 
AOT reverse micelles.

Hu and Gulari (1996) made an argument that AOT has a number of very 
serious limitations: once proteins were extracting into the AOT reverse micellar 
phase, it was difficult to separate the proteins from the surfactant, and the phase 
separation of the AOT system took a long time. Consequently, they used sodium bis 
(2-ethylhexyl) phosphate (NaDEHP) in their work instead of AOT. NaDEHP, which 
is commonly used as the organophosphorus extractant, has a similar hydrocarbon tail 
to AOT but different in chemical compositions and structure of the headgroups. The 
structures of the two surfactants are as follows:

Figure 2.3 Structures of NaDEHP and AOT surfactants.

Hu and Gulari (1996) showed that extract cytochrome-c and a-chymotrysin 
in to NaDEHP reversed micellar phase by varying the pH and NaCl concentration in 
the aqueous phase. They found that at natural pH and relatively low ionic strength, 
the proteins are extracted into the micellar phase with high yield. By contracting the

Ha \
NaDEHP
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micellar phase with a divalent cation (e g. Ca2+) aqueous solution, the reverse 
micelles were destabilized and released the protein molecules back into an aqueous 
solution for recovery. They used cytochrome-c from the horse heart and ot- 
chymotrysin from the bovine pancreas. In the forward extraction, they observed that 
the addition of tributyl phosphate was necessary to inhibit the formation of a middle 
phase or Winsor III, microemulsion system. For the effect of pH, they illustrated that 
the percent transfer sharply drops with pH near the protein pi value. This is due to 
the weakening of the attractive interaction between the protein molecule and the 
negatively charged reverse micelle inner charge layer. The backward extraction, 
they used 0.1 M CaCl2 as the stripping solution to break the reverse micelles.

Jarudilokkul e t al. (2000) illustrated the three systems that influenced on the 
selective separation of cytochrome-c, lysozyme, and ribonuclease-A from a buffer 
solution and a filtered fermentation broth are bis (2-ethylhexyl) sulfosuccinate 
(AOT) concentration, pH, and temperature. It was that a minimal AOT 
concentration exists for > 90% extraction from a buffer solution, and this 
concentration depended on the pH of solution and hydrophobicity of the protein. 
Extraction from filtered broth resulted in a reduction of the minimal concentration 
for both cytochrome-c and lysozyme, but it was unchanged for ribonuclease-A. It 
appeared that certain broth constituents act as cosurfactant and reduced the charge 
repulsion between the surfactant headgroups leading to smaller micelle. They 
concluded that the broth constituents were responsible for changes in the minimal 
AOT concentration. By using the optimized conditions, a mixture of the three 
proteins could be recovered from a filtered broth with high yields (70-97%) and 
highly purity. Furthermore, the initial protein concentration did not influence protein 
recovery.

For proteins cytochrome-c, lysozyme, and ribonuclease-A, Jarudilokkul et 
al. (1999) showed that the back-extraction of proteins encapsulated in AOT reverse 
micelle was performed by adding the counterionic surfactant, either 
trioctylmethylammonium chloride (TOMAC) or dodecyltrimethylammonium 
bromide (DTAB). This novel transfer method gave higher backward extraction yield 
compared to the conventional method with high salt and high pH of the aqueous
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stripping solution. The protein activity was maintained in the resulting aqueous 
phase, which in this case near the neutral pH and low salt concentration. The 
backward transfer mechanism was postulated to be caused by electrostatic interaction 
between oppositely charged surfactant molecules, which leaded to collapse of the 
reverse micelles.

Freeman e t al. (1998) studied effect of bile salt, sodium taurocholate 
(NaTC), on a-chymotrypsin activity in AOT reverse micelles. They observed the 
increasing of enzymatic activity by the addition of bile salt. NaTC diversified the 
interfacial properties of the reverse micelles and increased their water capacity, 
resulting in a more favorable environment for enzymatic catalysis. The reaction 
velocity for the hydrolysis of the substrate N-glutaryl-L-phenylalanine p-nitroanilide 
(N-GPNA) by chymotrypsin more than double when NaTC is added to AOT reverse 
micelles.

Activity and stability of Lipase in AOT reverse micelles with bile salt 
cosurfactant were also investigated by Freeman e t al. (2000). The study showed that 
both an anionic bile salt, sodium taurocholate (NaTC), and a zwitterionic bile salt, 3- 
[(3-cholamidyl-propyl)dimethylammonio]-l -propane sulfonate (CHAPS), increased 
the reaction velocity of the hydrolysis reaction and the stability of the enzyme in 
reverse micelles. They also concluded that the mechanisms by which bile salt 
affected enzymatic activity and stability in AOT reverse micelles varied from protein 
to protein. The effects which generally were positive (increasing activity and 
stability), may be dominated by the increase in size of water pool or modification of 
the detergent interfacial properties such as reduced polarity at the surfactant/organic 
interface (chymotrypsin and lipase).
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