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THE PRIMARY PROTEASE SYSTEM IN BOVINE MILK 

by 

Navaneetha K. M. Rao 

William N. Eigel, Food Science and Technology 

(ABSTRACT) 

Plasmin is the principal endogenous protease in bovine 

milk. Distribution of overall proteolytic potential among 

milk fractions was determined using Coumarin Substrate as a 

synthetic substrate. Casein containing fractions had a 

higher amidolytic potential. However, preparation of casein 

by acid treatment produced increased dissociation of 

plasminogen and plasmin from casein. The variable results 

obtained from milks of different cows could be due in part 

to the influence of inhibitors and activators of the 

fibrinolytic system present in milk. 

We have shown, for the first time, the occurrence of 

a5-M in bovine skimmilk (using SRID) at a level (using 

ELISA) of 1.54 +/- 0.91 mg/ml. This inhibitor appeared to 

primarily associate with the acid whey fraction. A high 

level (< 1 mg/ml) of a5-M was also detected in human 

skimmilk. The other major fibrinolytic inhibitor, a5-AP, as 

well as the complex formed between this inhibitor and 

plasmin were also shown to occur in human milk. 

We used a coupled colorimetric assay to demonstrate the 

occurrence of a fibrin-independent plasminogen activator



(similar to u-PA) in bovine skimmilk. The occurrence of a 

u-PA like activator in bovine milk was further confirmed in 

co-polymerized gel electrophoresis. Moreover, u-PA could 

also be detected in a sample of human skimmilk. However, 

the electrophoretic gel patterns also contained additional 

zones of clearing which may be due to the occurrence of 

other activators in bovine milk. These plasminogen 

activators may be fragments of u-PA, or t-PA (shown to occur 

in sow milk) which retain catalytic activity. 

The occurrence of such high levels of a,-M (~ 4% of the 
2 

total protein) and plasminogen activators may be of 

tremendous significance to the dairy industry, as they may 

not only influence plasmin-mediated proteolysis of milk 

proteins, but may also interfere with the action of milk 

clotting enzymes.
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INTRODUCTION 

Plasmin, the principal fibrinolytic enzyme, has also 

been identified to be the principal endogenous enzyme in 

bovine milk. Plasmin occurs in bovine milk along with its 

zymogen, plasminogen, and a number of enhancing and 

inhibiting factors. Very little unambiguous information is 

currently available on these activating and inhibiting 

factors occurring in milk. 

Plasmin is a thermo-resistant enzyme, has a broad pH 

optimum, and is active at refrigerator temperatures. Thus, 

the occurrence of plasmin in milk is of considerable concern 

to the dairy industry. The cheese-industry is particularly 

concerned as plasmin-mediated proteolysis of caseins may 

result in reduced cheese yields and may also adversely 

affect a variety of cheese-making parameters. However, a 

more comprehensive picture of the significance of plasmin in 

milk will emerge only when some of the major components 

comprising the fibrinolytic system in milk have been 

identified and quantified. 

The primary objective of our study was to identify and 

quantify the principal components regulating the action of 

plasmin in bovine milk, by using highly sensitive and 

specific assay procedures. 

INTRODUCTION 1



2.0 LITERATURE REVIEW 

The phenomenon called fibrinolysis was first discovered 

by Christensen and Kaplan (1,2,3) who noted the presence of 

an activated factor in plasma which had the ability to 

resolve thrombi. The activated factor was called plasmin 

and the proenzyme was named plasminogen. Plasmin, a 

serine protease [E.C. 3.4.21.7.], is normally found in 

mammalian serum and plays’ a principal role in the 

fibrinolytic system. However, since plasmin has a 

relatively broad specificity and has been found in a variety 

of tissues and body fluids, plasminogen may play a role ina 

variety of other physiological processes like tissue 

remodelling, as well. 

2.1 PLASMINOGEN ORIGIN AND STRUCTURE 

The liver has been reported (4,5) to be the primary 

site of plasminogen biosynthesis but the origin has yet to 

be firmly established. Native human plasminogen, 

Glu-plasminogen (Glu-pg), with glutamic acid as the 

N-terminal (6,7,8) and asparginine as the C-terminal amino 

acids (9) has a molecular weight of 83 kilodaltons (KD) 

(15). Plasmin cleaves Glu-pg at Arg(68)-Met(69), 

Lys(77)-Lys(78), and Lys(78)-Val(79) resulting in the 

release of the so-called "preactivation peptides" and the 

generation of Lys-plasminogen (Lys-pg) (10,11,12) with a 

LITERATURE REVIEW 2



molecular weight of 82.4 kD (15). The native plasminogen 

binds to fibrin far less effectively than does Lys-pg (13). 

Magnusson et al (14) have reported the occurrence of 

five kringles in native plasminogen. The kringles have a 

‘Characteristic triple disulfide structure (Fig 1). The 

release of the preactivation peptide induces a marked 

conformational change in the five kringles (20) and results 

in an increased affinity of plasminogen for fibrin (19). 

2.1.1 Plasminogen Activation 

Proteolytic cleavage of single-chained plasminogen is 

necessary for conversion to active plasmin (Pn), which 

consists of a heavy(A) (MW ~ 60 kD) and light(B)-chain (MW ~ 

20 kD) connected by a disulfide bond between 

Cys(557)-Cys(565) (17). Plasminogen activators specifically 

cleave the Arg(560)-Val(561) bond (9,15-18) which is located 

in a region of the polypeptide chain which is amino terminal 

relative to the active center. The active center of plasmin 

has been localized in the B-chain (22). The five kringles 

present in plasminogen are located in the A-chain of plasmin 

(23). Plasminogen activation may occur through either of 

two alternative pathways. In one, Glu-pg is converted to 

Glu-pn by plasminogen activators followed by an 

autocatalytic conversion to Lys-pn. In the second, plasmin 

catalyzes the conversion of Glu-pg to Lys-pg followed by 

conversion to Lys-pn by plasminogen activators (24). 

LITERATURE REVIEW 3



B-CHAIN 

  
Figure 1. The primar structure of human 
Glu-Plasminogen. represents the 
"pre-activaion peptides." Arrow indicates the 
peptide bond cleaved by plasminogen activators. 
A-chain contains the "Kringles"™ and B-chain the 
active site. (17),



Residues present at the N-terminus of the plasmin heavy 

chain, which react with a,-antiplasmin (a plasmin inhibitor) 
Zz 

and fibrin (a plasmin substrate), are closely related and 

may be present as a single regulatory site which also 

interacts with lysine and its analogs (25). The plasmin 

A-chain is necessary to stabilize the 3-dimensional 

structure of the active center located in the light(B) chain 

(21) (Fig 1). A high degree of sequence homology has been 

observed between the N-termini of both heavy and light 

chains of plasmin isolated from various animals (26). 

Homology also exists among residues at the N-terminus of 

plasminogen isolated from different sources, suggesting that 

Similar proteolytic cleavages are involved in the activation 

of all plasminogens (27). 

2.1.2 Plasmin Specificity 

Plasmin is a serine protease and has the ability to 

hydrolyze a variety of proteins. Plasmin has trypsin-like 

specificity in that hydrolysis of lysyl and arginyl bonds 

present in proteins are catalyzed (28,29). Further, plasmin 

has a preferential specificity for bonds containing lysyl 

residues (30). 

2.2 ANTIPLASMINS AND ANTIACTIVATORS 

Though plasmin activity is essential for a number of 

biological functions, unregulated action would result in the 

LITERATURE REVIEW 3



destruction of a variety of essential protein components in 

cells and tissues. Since 10% of all plasma proteins are | 

proteinase inhibitors (64), the existence of plasmin 

inhibitors should be no surprise. Two types of fibrinolytic 

inhibitors have been identified: antiplasmins, which inhibit 

plasmin, and antiactivators, which inhibit plasminogen 

activators. The two major antiplasmins known to occur in 

human plasma have been identified as a,-antiplasmin and 

a5-macroglobulin (65,66). However, detection and 

identification of antiactivators has been difficult due to 

interference by antiplasmins as well as other plasma 

protease inhibitors such as antithrombin and a,-antitrypsin. 

However, with the development of new and extremely sensitive 

assay procedures, recent reports on the occurrence of 

antiactivators in cultured bovine (126) and rabbit (67) 

endothelial cells, cultures of human plasma (68), and washed 

human platelets (69) have appeared. These antiactivators 

have yet to be fully characterized. 

2.2.1 Alpha. -Macroglobulin {a.-M) 

«,-Macroglobulin, which was first isolated by 

Schultze and colleagues (97), is stable within the pH range 

5 - 8.4 and has the unique ability to bind and inhibit a 

variety of serine -, thiol -, carboxyl -, and metallo - 

proteinases (94,95,96). Proteins presumed to be homologous 

with human «.-M have been isolated from a number of 
2 
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mammalian species, including the cow (92), horse (98,99), 

pig (100), and mouse (106). ~Macroglobulin consists of “2 
identical subunits linked in pairs by disulfide bonds. Two 

such pairs associate noncovalently to form the native 

tetramer (95) which has a molecular.weight of approximately 

725 kD (93). a,-Macroglobulin differs from other protease 

inhibitors not only by possessing an unusual ability to bind 

a variety of proteases, but also by leaving the active site 

of the bound enzyme intact. This latter property produces a 

variable pattern of inhibition; hydrolytic activity of bound 

enzymes is usually inhibited in the presence of high 

molecular weight substrates but only moderate to low 

inhibition, depending upon the bound enzyme, occurs when 

assayed with low molecular weight synthetic substrates 

(102). 

Two models have been proposed to explain the mechanism 

by which a5-M inhibits proteases. In the model proposed by 

Barrett and Starkey, binding of the protease to a4-M 

produces a conformational change which serves to "trap" and 

sterically block the enzyme (94). Evidence supporting this 

"trap" hypothesis has also been reported by others 

(101,103,108). However, this observed structural alteration 

and change in conformation of a.-M does not exclude 
2 

crosslinking of protease to a,-M (85), the second method 
2 

proposed for inhibition. Feinman and co-workers found that 

a,-M lost inhibitor ability after methylamine treatment, 

LITERATURE REVIEW 7



suggesting that the lysyl amino groups present in 

proteolytic enzymes might be attacking nucleophiles at the 

activated glutamate site resulting in formation of an 

e-lysyl- -glutamyl bond (86). However, rapid incorporation 

of methylamine did not result in loss of trypsin binding to 

a5-M (85). Probably, both entrapment as well as formation 

of a covalent link with the thiolester act in concert to 

form an irreversible a,-M-enzyme complex (85). 

To account for the wide specificity of a,-M, Salvensen 

and Barrett proposed the presence of a "bait region” on both 

subunits (109). The versatility of a,-M is due to the 

occurrence of a wide range of amino acids in this bait 

region. These amino acids are highly accessible and their 

composition satisfies the specific requirements for all 

proteases known to be inhibited by a,-M (87). Peptide bond 

cleavage in one subunit induces conformational change in the 

entire molecule making the complex more compact. 

Though a.-M contains two binding sites for each 
2 

protease, not all enzymes have been found to bind in a 2:l 

stoichiometry. Howell et al suggested that binding of 

protease molecules is dependent on the rate at which the 

cognate protease cleaves the scissile bond in the bait 

region (110). Trypsin cleaves a5-M 100-times faster than 

plasmin and binds in 2:1 stoichiometry, while plasmin binds 

in ail:l ratio. Thus after the trap has been sprung by 

interaction of the first protease molecule with the bait 
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region, binding of the second protease molecule depends on 

whether it encounters a closing trap or not. This, in turn, 

is dependent on how fast the protease can cleave the 

appropriate bond in the bait region. If this cleavage is 

Slow, the trap will close and leave out the second protease 

molecule (88). 

Plasmin is one of the largest proteases known to be 

entrapped by a,-M. However, the maximum size of protease 

which can be effectively bound is not known (86). Even 

plasmin’s lysine binding sites appear to lie partially or 

completely outside the trap (102,111,112), since the 

affinity of a,-M-plasmin complex for sepharose-lysine can be 

demonstrated. The exposed portion of plasmin has been 

identified to be the Kringle 1 --~ Kringle 4 region of 

plasmin (89). Hence, some antigenic sites on plasmin remain 

exposed even on complex formation with a.,-M (102,112). Some 
2 

endopeptidases, such as, pancreatic kallikrein, complement 

Cl s, hog renin and Factor XIIa are not inhibited by a,-M 

(114-117). Whether the bait region does not have the 

required specificity or these proteases are too large to be 

entrapped is not currently known (113). 

Another interesting characteristic of a5-M is that the 

cognate protease is protected from inhibition by large 

molecular weight protease inhibitors such as soybean trypsin 

inhibitor (SBTI) (MW ~20 kD) and plasma «a,-protease 
1 

inhibitor (MW ~ 50 kD) (119). However, low molecular weight 
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inhibitors, such as aprotinin (MW ~ 6,500) can inhibit the 

enzyme trapped in the a5-M complex (118). Harpel et al 

(102) suggested that a,-M functions not only as a protease 
2 

inhibitor but also serves to preserve a portion of the 

biological activity of the complexed enzyme in presence of 

circulating inhibitors. He also found that a.-M-plasmin 

complexes do have some activity against fibrinogen (MW ~ 340 

kD). The mechanism by which plasmin bound in a,-M reacts 

with fibrinogen, while being protected from interacting with 

smaller molecular weight proteins like SBTI is not currently 

known. 

Urinary-PA forms both a reversible, nonspecific (104), 

as well as an irreversible (125), complex with a5-M 

resulting in loss of catalytic activity. a,-Macroglobulin 

also forms covalent complexes with the one- and two- chain 

forms of t-PA (107). However, immunoreactivity of the t-PA 

fraction is not retained. 

Although active against both plasmin and plasminogen 

activator, a,-M does not appear to be the primary inhibitor 

in either case. The primary physiological role of a,-M is 

yet to be elucidated. Some indications exist to suggest that 

a5-M acts as a modulator during many proteolytic reactions 

that accompany inflammation (90) and/or as a modulator in 

immune responses (105). Additionally, one of the more 

important roles may involve the receptor-mediated 

endocytosis of a,-M-protease complexes (91). 
2 

LITERATURE REVIEW 10



2.2.2. Alpha,-Antiplasmin fa,-AP) 

Although a,-M has antiplasmin activity, 

a5-antiplasmin has been identified as the major 

physiological plasmin inhibitor in human plasma (66,70,71). 

It is present at a concentration of 1uM and exists as a 

Single-chain glycoprotein with an MW of approximately 70 kD 

(72) which is rapidly inactivated below pH 5.7 but is stable 

between pH 6.0 and 9.0 (72). Human plasma contains two 

types of a5 -AP which are immunologically indistinguishable. 

Only one form binds plasminogen. The other form does not 

bind plasminogen (makes up ~ 40% of the total) but 

nevertheless inactivates plasmin, though less effectively 

(73,74,75). The plasminogen binding form is produced in the 

liver (78) and is converted to the nonplasminogen binding 

form by cleavage of an Arg-Gly bond situated towards the 

C-terminus (79). 

Plasmin forms a equimolar complex with a5-AP which is 

devoid of either proteinase or esterase activity (66,71,72). 

For complex formation to occur, plasmin should have 

available both a free lysine-binding site as well as a free 

active site (76,77). Thus, plasmin which is actively 

involved in breaking down fibrin clots is inhibited to a 

much lesser extent than is free plasmin (82). Inhibition by 

a5-AP involves two successive reactions: a very fast 

reversible second-order reaction followed by a slower - 

irreversible first-order reaction (77). The reaction 
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between a-AP and plasmin is one of the fastest 

protein-protein reactions known, with the second-order rate 

constant (4x107? m+ st) approaching the theoretical limit 

for diffusion controlled reactions (77). This reversible 

first step involves both an interaction between the lysine 

binding sites in the plasmin A-chain and corresponding sites 

in the a4-AP molecule as well as a reaction between the 

active site of plasmin and the reactive site in a5-AP. The 

reactive site in the inhibitor has been identified to be the 

Arg(364)-Met(365) bond (80). 

The initial complex formation induces a conformational 

change which perturbs selected epitopes on the inhibitor 

and, subsequently, limited proteolysis of the plasmin-a,-AP 

complex by excess plasmin further modulates the inhibitor 

moitey by destroying specific antigenic sites. The 

plasmin-a,-AP complex now contains new antigenic structures 

called neoantigens (81). 

a,-Antiplasmin also slowly interacts with both u-PA 

(83) and t-PA (84) to form inactive complexes in purified 

systems. Whether this antiactivator activity of a5-AP has 

any physiological importance is still unclear. The 

principal physiological function appears to be that of an 

antiplasmin. 

2.2.3 Antiactivators 

The existence of specific antiactivators has been 

LITERATURE REVIEW 12
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�f�i�b�r�o�b�l�a�s�t�s� �(�1�2�3�,�1�2�4�)� �a�n�d� �P�A�I�-�1� �f�r�o�m� �b�o�v�i�n�e� �e�n�d�o�t�h�e�l�i�a�l� 

�c�e�l�l�s� �(�1�2�6�,�1�2�7�)� �a�n�d� �h�u�m�a�n� �p�l�a�t�e�l�e�t�s� �(�6�9�)�.� �B�o�t�h� �P�A�I�-�1� �a�n�d� 

�P�A�I�-�2� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �o�c�c�u�r� �i�n� �h�u�m�a�n� �p�l�a�s�m�a� �(�1�2�8�,�1�2�9�)�.� 

�O�n�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �f�e�a�t�u�r�e� �o�f� �t�h�e�s�e� �i�n�h�i�b�i�t�o�r�s�,� �a�p�a�r�t� �f�r�o�m� 

�t�h�e�i�r� �s�p�e�c�i�f�i�c�i�t�y�,� �i�s� �t�h�e�i�r� �s�t�a�b�i�l�i�t�y� �t�o� �a�c�i�d� �a�n�d� �d�e�n�a�t�u�r�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �(�1�3�0�)�.� 

�2�.�3� �P�L�A�S�M�I�N�O�G�E�N� �A�C�T�I�V�A�T�O�R�S� 

�P�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �a�r�e� �s�e�r�i�n�e� �p�r�o�t�e�a�s�e�s� �w�h�i�c�h� 

�s�p�e�c�i�f�i�c�a�l�l�y� �r�e�c�o�g�n�i�z�e� �t�h�e� �z�y�m�o�g�e�n�,� �p�l�a�s�m�i�n�o�g�e�n�,� �a�n�d� 

�c�a�t�a�l�y�z�e� �c�o�n�v�e�r�s�i�o�n� �t�o� �p�l�a�s�m�i�n�,� �t�h�e� �a�c�t�i�v�e� �e�n�z�y�m�e�.� 

�P�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �a�r�e� �k�n�o�w�n� �t�o� �b�e� �w�i�d�e�l�y� �d�i�s�t�r�i�b�u�t�e�d� �i�n� 

�m�a�t�u�r�e� �a�n�d� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �a�s� �w�e�l�l� �a�s� �m�o�s�t� 

�t�i�s�s�u�e�s� �a�n�d� �b�o�d�y� �f�l�u�i�d�s� �i�n� �h�i�g�h�e�r� �a�n�i�m�a�l�s�.� �P�l�a�s�m�i�n�o�g�e�n� 

�a�c�t�i�v�a�t�o�r�s� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �e�i�t�h�e�r� �f�i�b�r�i�n� �i�n�d�e�p�e�n�d�e�n�t�,� 

�u�r�o�k�i�n�a�s�e�-�l�i�k�e� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �(�u�-�P�A�)�,� �o�r� �a�s� �f�i�b�r�i�n� 

�d�e�p�e�n�d�e�n�t�,� �t�i�s�s�u�e�-�p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �(�t�-�P�A�)�.� �V�a�s�c�u�l�a�r� 

�e�n�d�o�t�h�e�l�i�a�l� �c�e�l�l�s� �a�p�p�e�a�r� �t�o� �b�e� �a�n� �i�m�p�o�r�t�a�n�t� �s�o�u�r�c�e� �o�f� 

�a�c�t�i�v�a�t�o�r� �p�r�e�s�e�n�t� �i�n� �b�l�o�o�d� �a�n�d� �i�n� �s�e�v�e�r�a�l� �t�i�s�s�u�e�s� �w�h�i�l�e� 

�u�r�i�n�a�r�y� �t�r�a�c�t� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �a�p�p�e�a�r� �t�o� �b�e� �a�n� �i�m�p�o�r�t�a�n�t� 
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�s�o�u�r�c�e� �o�f� �u�-�P�A� �(�3�1�)�.� 

�2�.�3�.�1� �U�r�o�k�i�n�a�s�e�-�l�i�k�e� �P�l�a�s�m�i�n�o�g�e�n� �A�c�t�i�v�a�t�o�r� �(�u�-�P�A�)� 

�M�a�c�f�a�r�l�a�n�e� �a�n�d� �P�i�l�l�i�n�g� �f�i�r�s�t� �r�e�p�o�r�t�e�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�f�i�b�r�i�n�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� �i�n� �n�o�r�m�a�l� �u�r�i�n�e� �(�3�2�)�.� �S�o�b�e�l� �a�n�d� 

�c�o�-�w�o�r�k�e�r�s� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �a�c�t�i�v�i�t�y� �a�s� �a� �p�l�a�s�m�i�n�o�g�e�n� 

�a�c�t�i�v�a�t�o�r� �a�n�d� �p�r�o�v�i�d�e�d� �t�h�e� �n�a�m�e� �U�r�o�k�K�i�n�a�s�e� �(�3�3�)�.� 

�U�r�o�k�i�n�a�s�e�-�l�i�k�e� �P�A� �(�u�-�P�A�)� �c�a�t�a�l�y�z�e�s� �a�c�t�i�v�a�t�i�o�n� �o�f� 

�a�c�i�d�-�t�r�e�a�t�e�d� �G�l�u�-�p�g� �b�e�t�t�e�r� �t�h�a�n� �n�a�t�i�v�e�,� �u�n�t�r�e�a�t�e�d� 

�p�l�a�s�m�i�n�o�g�e�n� �(�3�4�)�.� �H�o�w�e�v�e�r�,� �L�y�s�-�P�g� �i�s� �c�o�n�v�e�r�t�e�d� �a�t� �t�h�e� �s�a�m�e� 

�r�a�t�e� �a�s� �G�l�u�-�P�g� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �r�e�l�e�a�s�e� �o�f� �t�h�e� �p�r�e�a�c�t�i�v�a�t�i�o�n� 

�p�e�p�t�i�d�e� �d�o�e�s� �n�o�t� �a�l�t�e�r� �t�h�e� �a�c�t�i�v�a�t�i�b�i�l�i�t�y� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �b�y� 

�u�-�P�A� �(�2�1�)�.� �U�r�o�k�i�n�a�s�e�-�l�i�k�e� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �h�a�s� �b�e�e�n� 

�i�s�o�l�a�t�e�d� �i�n� �h�i�g�h� �(�M�W� �5�4�.�7� �k�D�)� �a�n�d� �l�o�w� �(�M�W� �3�1�.�5� �k�D�)� 

�m�o�l�e�c�u�l�a�r� �m�a�s�s� �f�o�r�m�s� �(�3�5�,�3�6�)�.� �T�h�e� �h�e�a�v�i�e�r� �f�o�r�m� �c�o�n�s�i�s�t�s� �o�f� 

�t�w�o� �p�o�l�y�p�e�p�t�i�d�e�s�,� �o�n�e� �w�i�t�h� �a�n� �M�W� �o�f� �3�3� �k�D� �a�n�d� �t�h�e� �o�t�h�e�r�,� �1�9� 

�k�D� �(�3�7�)�.� �T�h�e� �l�i�g�h�t�e�r� �f�o�r�m� �h�a�s� �o�n�l�y� �o�n�e� �c�h�a�i�n� �(�3�7�)� �a�n�d� �i�s� 

�i�d�e�n�t�i�c�a�l� �w�i�t�h� �a� �p�o�r�t�i�o�n� �o�f� �t�h�e� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �f�o�r�m� 

�(�3�8�)�.� �T�h�e� �h�e�a�v�i�e�r� �s�p�e�c�i�e�s� �h�a�s� �a� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �o�f� �9�3�,�5�0�0� 

�C�T�A� �u�n�i�t�s�/�m�g� �a�n�d� �t�h�e� �l�i�g�h�t�e�r� �s�p�e�c�i�e�s� �o�f� �2�1�8�,�0�0�0� �C�T�A� �u�n�i�t�s�/�m�g� 

�(�2�8�)�.� �W�h�e�t�h�e�r� �u�-�P�A� �o�r�i�g�i�n�a�t�e�s� �f�r�o�m� �k�i�d�n�e�y� �c�e�l�l�s� �o�r� �o�t�h�e�r� 

�s�o�u�r�c�e�s� �h�a�s� �n�o�t� �y�e�t� �b�e�e�n� �d�e�f�i�n�i�t�i�v�e�l�y� �d�e�t�e�r�m�i�n�e�d� �(�3�9�)�.� 

�T�h�r�e�e� �f�o�r�m�s� �o�f� �u�-�P�A� �a�r�e� �K�n�o�w�n� �t�o� �o�c�c�u�r�:� �a� �z�y�m�o�g�e�n� �(�p�r�o�-�u�P�A�)�,� 

�a�n� �a�c�t�i�v�e� �e�n�z�y�m�e�,� �a�n�d� �a�n� �e�n�z�y�m�e�-�i�n�h�i�b�i�t�o�r� �c�o�m�p�l�e�x� �(�3�9�)�.� 

�H�u�m�a�n� �p�r�o�-�u�P�A� �h�a�s� �n�o� �c�a�t�a�l�y�t�i�c� �a�c�t�i�v�i�t�y�.� �H�o�w�e�v�e�r�,� �l�o�w� 

�c�a�t�a�l�y�t�i�c� �a�c�t�i�v�i�t�y� �h�a�s� �b�e�e�n� �d�e�t�e�c�t�e�d� �i�n� �p�r�o�-�u�P�A� �f�r�o�m� �s�e�v�e�r�a�l� 
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�o�t�h�e�r� �m�a�m�m�a�l�i�a�n� �s�o�u�r�c�e�s� �(�4�0�)�.� �R�e�a�s�o�n�s� �f�o�r� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�a�c�t�i�v�i�t�y� �o�f� �t�h�e� �p�r�o�-�e�n�z�y�m�e� �f�o�r�m�s� �h�a�v�e� �n�o�t� �y�e�t� �b�e�e�n� 

�e�l�u�c�i�d�a�t�e�d�.� �P�l�a�s�m�i�n� �m�e�d�i�a�t�e�d� �c�l�e�a�v�a�g�e� �o�f� �p�r�o�-�u�P�A� �a�t� �t�h�e� 

�L�y�s�(�1�5�8�)�-�I�l�e�(�1�5�8�)� �b�o�n�d�,� �p�r�o�d�u�c�e�s� �a� �c�o�n�f�o�r�m�a�t�i�o�n�a�l� �c�h�a�n�g�e� 

�r�e�s�u�l�t�i�n�g� �i�n� �t�h�e� �e�x�p�o�s�u�r�e� �o�f� �t�h�e� �a�c�t�i�v�e� �s�i�t�e� �a�n�d� �c�o�n�v�e�r�s�i�o�n� 

�t�o� �t�h�e� �a�c�t�i�v�e� �f�o�r�m� �(�4�1�)�.� �A�l�t�h�o�u�g�h� �t�h�e� �p�r�o�-�e�n�z�y�m�e� �h�a�s� �a� �h�i�g�h� 

�a�f�f�i�n�i�t�y� �f�o�r� �f�i�b�r�i�n� �(�4�2�)� �a�n�d� �e�n�h�a�n�c�e�d� �c�a�t�a�l�y�t�i�c� �a�c�t�i�v�i�t�y� �i�n� 

�t�h�e� �p�r�e�s�e�n�c�e� �o�f� �f�i�b�r�i�n� �(�4�3�)�,� �t�h�e� �a�c�t�i�v�e� �e�n�z�y�m�e� �d�o�e�s� �n�o�t� 

�d�e�p�e�n�d� �o�n� �f�i�b�r�i�n� �f�o�r� �a�c�t�i�v�i�t�y� �(�4�4�)�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �h�i�g�h� 

�a�f�f�i�n�i�t�y� �f�o�r� �f�i�b�r�i�n� �b�y� �t�h�e� �P�r�o�-�u�P�A� �i�s� �n�o�t� �y�e�t� �c�l�e�a�r�l�y� 

�u�n�d�e�r�s�t�o�o�d�.� 

�2�.�3�.�2� �T�i�s�s�u�e�-�P�l�a�s�m�i�n�o�g�e�n� �A�c�t�i�v�a�t�o�r� �(�t�-�P�A�)� 

�T�i�s�s�u�e�-�p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �i�s� �a� �s�e�r�i�n�e� �p�r�o�t�e�a�s�e� 

�w�i�t�h� �a� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �5�7� �k�D� �t�o� �6�9� �k�D� �(�4�5�,�3�1�)� �w�h�i�c�h� �i�s� 

�s�t�a�b�l�e� �t�o� �b�o�t�h� �a�c�i�d� �t�r�e�a�t�m�e�n�t� �a�n�d� �h�e�a�t�i�n�g� �a�t� �6�0� �C� �f�o�r� �3�0� �m�i�n� 

�(�5�6�)�.� �L�i�k�e� �u�-�P�A�,� �t�-�P�A� �i�s� �a�l�s�o� �s�y�n�t�h�e�s�i�z�e�d� �a�n�d� �s�e�c�r�e�t�e�d� �a�s� �a� 

�s�i�n�g�l�e�-�c�h�a�i�n� �p�o�l�y�p�e�p�t�i�d�e� �w�h�i�c�h� �i�s� �c�o�n�v�e�r�t�e�d� �t�o� �t�h�e� �t�w�o�-�c�h�a�i�n� 

�f�o�r�m� �b�y� �l�i�m�i�t�e�d� �p�l�a�s�m�i�c� �c�l�e�a�v�a�g�e�s� �a�t� �A�r�g�(�3�)�-�S�e�r�(�4�)� �a�n�d� 

�A�r�g�(�2�7�8�)�-�I�l�e�(�2�7�9�)� �(�4�6�,�4�8�)�.� �T�h�e� �a�c�t�i�v�e� �c�e�n�t�e�r� �i�n� �t�h�e� �h�u�m�a�n� 

�t�-�P�A� �i�s� �l�o�c�a�t�e�d� �i�n� �t�h�e� �B�-�c�h�a�i�n� �(�4�7�)�.� �A�l�t�h�o�u�g�h� �t�h�e� 

�S�i�n�g�l�e�-�c�h�a�i�n� �f�o�r�m� �a�p�p�e�a�r�s� �l�i�k�e�l�y� �t�o� �p�o�s�s�e�s�s� �s�o�m�e� �c�a�t�a�l�y�t�i�c� 

�a�c�t�i�v�i�t�y� �(�4�7�,�5�2�)� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a� �p�a�r�t�i�a�l�l�y� �e�x�p�o�s�e�d� �a�c�t�i�v�e� 

�S�i�t�e� �(�4�9�,�5�0�,�5�1�)�,� �s�o�m�e� �r�e�p�o�r�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �m�o�n�o�c�h�a�i�n� �t�-�P�A� 

�i�s� �i�n�a�c�t�i�v�e� �(�4�9�)�.� 

�T�h�e� �h�e�a�v�y� �c�h�a�i�n� �o�f� �2�-�c�h�a�i�n� �t�-�P�A� �i�s� �p�r�o�p�o�s�e�d� �t�o� �c�o�n�t�a�i�n� �t�w�o� 
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�k�r�i�n�g�l�e� �s�t�r�u�c�t�u�r�e�s� �w�h�i�c�h� �a�p�p�e�a�r� �t�o� �c�o�n�f�e�r� �h�i�g�h� �a�f�f�i�n�i�t�y� �f�o�r� 

�f�i�b�r�i�n� �(�4�7�)�.� �T�h�e� �c�a�t�a�l�y�t�i�c� �e�f�f�i�c�i�e�n�c�y� �i�n�c�r�e�a�s�e�s� 

�s�u�b�s�t�a�n�t�i�a�l�l�y� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �f�i�b�r�i�n� �(�4�7�)�.� �F�u�r�t�h�e�r�,� �t�-�P�A� 

�m�e�d�i�a�t�e�d� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�i�o�n� �i�s� �g�r�e�a�t�l�y� �e�n�h�a�n�c�e�d� �b�y� �|� 

�a�d�d�i�t�i�o�n� �o�f� �c�y�a�n�o�g�e�n� �b�r�o�m�i�d�e� �d�i�g�e�s�t�s� �o�f� �b�o�t�h� �f�i�b�r�i�n� �a�n�d� 

�f�i�b�r�i�n�o�g�e�n� �(�5�3�)�,� �p�o�l�y�-�L�y�s� �(�5�4�)�,� �a�n�d� �s�o�m�e� �d�e�n�a�t�u�r�e�d� �p�r�o�t�e�i�n�s� 

�(�5�5�)�.� 

�2�.�3�.�3� �S�t�r�e�p�t�o�k�i�n�a�s�e� 

�S�t�r�e�p�t�o�k�i�n�a�s�e� �i�s� �o�n�e� �o�f� �t�h�e� �p�r�i�n�c�i�p�a�l� �p�l�a�s�m�i�n�o�g�e�n� 

�a�c�t�i�v�a�t�o�r�s� �o�f� �b�a�c�t�e�r�i�a�l� �o�r�i�g�i�n� �a�n�d� �i�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �c�u�l�t�u�r�e� 

�f�i�l�t�r�a�t�e�s� �p�r�e�p�a�r�e�d� �f�r�o�m� �8�-�h�e�m�o�l�y�t�i�c� �s�t�r�e�p�t�o�c�o�c�c�i� �(�5�7�)�.� 

�E�a�r�l�y� �s�t�u�d�i�e�s� �l�e�d� �t�o� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �a�s� �t�h�e� 

�p�r�o�t�e�a�s�e� �w�i�t�h� �f�i�b�r�i�n�o�l�y�t�i�c� �a�c�t�i�v�i�t�y�,� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �f�r�o�m� 

�a�c�t�i�v�a�t�i�o�n� �c�a�t�a�l�y�z�e�d� �b�y� �s�t�r�e�p�t�o�k�i�n�a�s�e� �(�5�8�)�.� �T�h�e� �n�a�m�e�,� 

�h�o�w�e�v�e�r�,� �i�s� �a� �m�i�s�n�o�m�e�r� �s�i�n�c�e� �s�t�r�e�p�t�o�k�i�n�a�s�e� �i�s� �n�o�t� �a�n� �e�n�z�y�m�e�.� 

�A�l�t�h�o�u�g�h� �s�t�r�e�p�t�o�k�i�n�a�s�e� �i�s� �a� �s�i�n�g�l�e� �c�h�a�i�n� �p�o�l�y�p�e�p�t�i�d�e� �o�f� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �4�7� �k�D� �(�5�9�)�,� �t�h�e� �m�e�c�h�a�n�i�s�m� �p�r�o�p�o�s�e�d� �f�o�r� 

�a�c�t�i�v�i�t�y� �d�o�e�s� �n�o�t� �i�n�v�o�l�v�e� �p�r�o�t�e�o�l�y�t�i�c� �c�l�e�a�v�a�g�e� �(�5�9�)�.� 

�S�t�r�e�p�t�o�k�i�n�a�s�e� �f�o�r�m�s� �a� �s�t�o�i�c�h�i�o�m�e�t�r�i�c� �c�o�m�p�l�e�x� �w�i�t�h� 

�p�l�a�s�m�i�n�o�g�e�n�.� �C�o�m�p�l�e�x� �f�o�r�m�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �e�x�p�o�s�u�r�e� �o�f� �t�h�e� 

�a�c�t�i�v�e� �s�i�t�e� �i�n� �p�l�a�s�m�i�n�o�g�e�n� �w�h�i�c�h� �t�h�e�n� �c�a�t�a�l�y�z�e�s� �c�o�n�v�e�r�s�i�o�n� 

�o�f� �n�o�n�-�c�o�m�p�l�e�x�e�d� �p�l�a�s�m�i�n�o�g�e�n� �t�o� �p�l�a�s�m�i�n�.� �S�t�r�e�p�t�o�k�i�n�a�s�e� �c�a�n� 

�a�c�t�i�v�a�t�e� �t�h�e� �p�l�a�s�m�i�n�o�g�e�n�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �h�u�m�a�n�s�,� �c�a�t�s�,� �a�n�d� 

�m�o�n�k�e�y�s�,� �b�u�t� �h�a�s� �n�o� �a�c�t�i�v�i�t�y� �t�o�w�a�r�d�s� �p�l�a�s�m�i�n�o�g�e�n�s� �i�s�o�l�a�t�e�d� 

�f�r�o�m� �c�o�w�s�,� �s�h�e�e�p�,� �p�i�g�s�,� �m�i�c�e�,� �a�n�d� �r�a�t�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �h�u�m�a�n�  �� 
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�p�l�a�s�m�i�n�o�g�e�n�-�s�t�r�e�p�t�o�k�i�n�a�s�e� �c�o�m�p�l�e�x� �c�a�n� �a�c�t�i�v�a�t�e� �t�h�e� 

�p�l�a�s�m�i�n�o�g�e�n�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s�.� 

�2�.�3�.�4� �S�t�a�p�h�y�l�o�k�i�n�a�s�e� 

�S�t�a�p�h�y�l�o�k�i�n�a�s�e� �i�s� �a�n� �e�x�t�r�a�c�e�l�l�u�l�a�r� �p�r�o�t�e�i�n� �p�r�o�d�u�c�e�d� 

�b�y� �m�a�n�y� �s�t�r�a�i�n�s� �o�f� �s�t�a�p�h�y�l�o�c�o�c�c�i� �w�h�i�c�h� �c�a�n� �c�o�n�v�e�r�t� �h�u�m�a�n� 

�p�l�a�s�m�i�n�o�g�e�n� �t�o� �p�l�a�s�m�i�n� �(�6�0�,�6�2�)� �b�y� �a� �m�e�c�h�a�n�i�s�m� �s�i�m�i�l�a�r� �t�o� 

�s�t�r�e�p�t�o�k�i�n�a�s�e� �(�6�1�)�.� �S�t�a�p�h�y�l�o�k�i�n�a�s�e� �i�s� �n�o�t� �o�n�l�y� �u�n�a�b�l�e� �t�o� 

�a�c�t�i�v�a�t�e� �b�o�v�i�n�e� �p�l�a�s�m�i�n�o�g�e�n�,� �b�u�t�,� �u�n�l�i�k�e� �s�t�r�e�p�t�o�k�i�n�a�s�e�,� �t�h�e� 

�h�u�m�a�n� �p�l�a�s�m�i�n�o�g�e�n�-�s�t�a�p�h�y�l�o�k�i�n�a�s�e� �c�o�m�p�l�e�x� �a�l�s�o� �i�s� �n�o�t� �a�b�l�e� �t�o� 

�a�c�t�i�v�a�t�e� �b�o�v�i�n�e� �p�l�a�s�m�i�n�o�g�e�n� �(�6�3�)�.� 

�2�.�4� �F�I�B�R�I�N�O�L�Y�T�I�C� �S�Y�S�T�E�M� �I�N� �M�I�L�K� 

�A�t� �l�e�a�s�t� �t�w�e�n�t�y� �e�n�z�y�m�e�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �b�e� �n�a�t�i�v�e� 

�c�o�n�s�t�i�t�u�e�n�t�s� �o�f� �h�e�a�l�t�h�y� �b�o�v�i�n�e� �m�i�l�k� �(�1�3�1�)�.� �T�h�e�s�e� �e�n�z�y�m�e�s� 

�a�r�e� �n�o�n�-�m�i�c�r�o�b�i�a�l� �i�n� �o�r�i�g�i�n� �a�n�d� �m�a�y� �b�e� �p�r�e�s�e�n�t� �i�n� �m�i�l�k� 

�e�i�t�h�e�r� �a�s� �a� �r�e�s�u�l�t� �o�f� �d�e� �n�o�v�o� �s�y�n�t�h�e�s�i�s� �i�n� �t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� 
� � 

�(�1�3�2�)� �o�r� �b�y� �p�a�s�s�a�g�e� �f�r�o�m� �b�l�o�o�d� �i�n�t�o� �m�i�l�k� �(�1�3�3�)�.� 

�P�r�o�t�e�a�s�e� �a�c�t�i�v�i�t�y� �w�a�s� �f�i�r�s�t� �s�h�o�w�n� �t�o� �b�e� �p�r�e�s�e�n�t� �i�n� �m�i�l�k� 

�i�n� �1�8�9�7� �(�1�3�4�)�.� �H�o�w�e�v�e�r�,�t�h�i�s� �p�r�o�t�e�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� �w�a�s� 

�t�h�o�u�g�h�t� �t�o� �b�e� �o�f� �m�i�c�r�o�b�i�a�l� �o�r�i�g�i�n� �u�n�t�i�l� �t�h�e� �l�a�t�e� �1�9�5�0�'�s� 

�(�1�3�5�,�1�3�6�)�.� �B�i�o�c�h�e�m�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �l�e�d� �K�a�m�i�n�o�g�a�w�a� �e�t� 

�a�l� �t�o� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �m�i�l�k� �p�r�o�t�e�a�s�e� �t�h�e�n� �c�a�l�l�e�d�,� �A�l�k�a�l�i�n�e� 

�M�i�l�k� �P�r�o�t�e�a�s�e�,� �i�s� �i�d�e�n�t�i�c�a�l� �t�o� �p�l�a�s�m�i�n� �(�1�3�7�)�.� �M�o�r�e� 

�c�o�n�c�l�u�s�i�v�e� �e�v�i�d�e�n�c�e� �t�h�a�t� �a�l�k�a�l�i�n�e� �m�i�l�k� �p�r�o�t�e�a�s�e� �i�s� �i�n�d�e�e�d� 

�p�l�a�s�m�i�n� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�a�t� �i�m�m�u�n�o�l�o�g�i�c�a�l� 
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�c�r�o�s�s�-�r�e�a�c�t�i�v�i�t�y� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �w�h�o�l�e� �b�o�v�i�n�e� �m�i�l�k� �a�n�d� 

�a�n�t�i�s�e�r�u�m� �t�o� �b�o�v�i�n�e� �p�l�a�s�m�i�n� �(�1�3�9�)�.� �A�l�t�h�o�u�g�h� �p�r�o�t�e�a�s�e� 

�a�c�t�i�v�i�t�y� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �c�a�s�e�i�n� 

�f�r�a�c�t�i�o�n� �(�1�3�8�)�,� �s�o�m�e� �p�l�a�s�m�i�n� �a�c�t�i�v�i�t�y� �i�s� �a�l�s�o� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �m�i�l�k� �f�a�t� �g�l�o�b�u�l�e� �m�e�m�b�r�a�n�e� �(�1�4�0�)�.� �B�l�o�o�d� �c�o�u�l�d� �w�e�l�l� 

�b�e� �t�h�e� �m�a�j�o�r� �s�o�u�r�c�e� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �i�n� �m�i�l�k� �s�i�n�c�e�,� 

�1�2�5�;� �_�1�a�b�e�l�l�e�d� �p�l�a�s�m�i�n�o�g�e�n� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �t�r�a�n�s�f�e�r�r�e�d� 

�f�r�o�m� �b�l�o�o�d� �a�c�r�o�s�s� �m�a�m�m�a�r�y� �e�p�i�t�h�i�l�i�a� �i�n�t�o� �m�i�l�k� �(�1�3�9�)�.� 

�S�i�m�i�l�a�r�i�t�i�e�s� �i�n� �p�r�o�t�e�o�l�y�t�i�c� �p�r�o�f�i�l�e�s� �g�e�n�e�r�a�t�e�d� �b�y� �b�l�o�o�d� �a�n�d� 

�m�i�l�k� �a�d�d�s� �f�u�r�t�h�e�r� �s�u�p�p�o�r�t� �t�o� �t�h�i�s� �p�o�s�s�i�b�i�l�i�t�y� �(�1�4�1�)�.� �M�o�s�t� 

�l�i�k�e�l�y� �p�l�a�s�m�i�n�o�g�e�n� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �i�m�m�u�n�o�g�l�o�b�u�l�i�n�s� �a�n�d� 

�p�a�s�s�e�s� �f�r�o�m� �b�l�o�o�d� �i�n�t�o� �m�i�l�k� �b�y� �t�h�e� �t�r�a�n�s�c�e�l�l�u�l�a�r� �r�o�u�t�e� �|� 

�(�1�3�9�,�1�4�2�)�.� �H�o�w�e�v�e�r�,� �d�e� �n�o�v�o� �s�y�n�t�h�e�s�i�s� �i�n� �t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� 

�h�a�s� �n�o�t� �y�e�t� �b�e�e�n� �r�u�l�e�d� �o�u�t� �(�1�5�4�)�.� �B�o�t�h� �p�l�a�s�m�i�n�o�g�e�n� �a�n�d� 

�p�l�a�s�m�i�n� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �o�c�c�u�r� �i�n� �m�i�l�k� �(�1�3�9�,�1�4�3�)�.� 

�B�o�v�i�n�e� �m�i�l�k� �m�a�y� �a�l�s�o� �c�o�n�t�a�i�n� �o�t�h�e�r� �p�r�o�t�e�a�s�e�s� �i�n�c�l�u�d�i�n�g� 

�a� �t�h�r�o�m�b�i�n�-�l�i�k�e� �e�n�z�y�m�e� �(�1�4�4�)�,� �a�n� �a�m�i�n�o�p�e�p�t�i�d�a�s�e� �(�1�4�5�)�,� �a�n�d� �a� 

�C�a�t�h�e�p�s�i�n�-�l�i�k�e� �a�c�i�d� �p�r�o�t�e�a�s�e� �(�1�4�6�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �i�d�e�n�t�i�t�y� 

�o�f� �n�o�n�-�p�l�a�s�m�i�n�-�l�i�k�e� �p�r�o�t�e�a�s�e� �a�c�t�i�v�i�t�y� �i�n� �m�i�l�k�,� �i�n�d�e�p�e�n�d�e�n�t� 

�o�f� �m�i�c�r�o�o�r�g�a�n�i�s�m�s�,� �a�w�a�i�t�s� �f�u�r�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�.� 

�P�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �a�r�e� �k�n�o�w�n� �t�o� �o�c�c�u�r� �i�n� �a� �v�a�r�i�e�t�y� 

�o�f� �b�o�d�y� �t�i�s�s�u�e�s� �a�n�d� �f�l�u�i�d�s� �i�n� �a� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �a�n�i�m�a�l�s�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �a�c�t�i�v�i�t�y� �w�a�s� �o�b�s�e�r�v�e�d� 

�i�n� �h�u�m�a�n� �m�i�l�k� �b�y� �A�s�t�r�u�p� �a�n�d� �S�t�e�r�n�d�r�o�f�f� �(�1�4�7�)� �a�n�d� �i�n� �b�o�v�i�n�e� 

�m�i�l�k� �b�y� �K�o�r�y�c�k�a�-�D�a�h�l� �(�1�4�9�)�.� �A�c�t�i�v�a�t�o�r� �a�c�t�i�v�i�t�y� �i�n� �b�o�v�i�n�e� 

�m�i�l�k� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �c�a�s�e�i�n� 
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�f�r�a�c�t�i�o�n� �(�1�4�9�,�1�5�0�)�.� �T�h�e� �m�a�j�o�r� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �i�n� 

�h�u�m�a�n� �m�i�l�k� �h�a�s� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �a�s� �t�-�P�A� �(�1�4�8�)�.� �T�h�e� �i�d�e�n�t�i�t�y� 

�o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �i�n� �b�o�v�i�n�e� �m�i�l�k� �h�a�s� �n�o�t� �y�e�t� �b�e�e�n� 

�e�s�t�a�b�l�i�s�h�e�d�.� 

�P�r�o�t�e�a�s�e� �i�n�h�i�b�i�t�o�r�s�,� �l�i�k�e� �t�r�y�p�s�i�n� �i�n�h�i�b�i�t�o�r�s�,� �a�r�e� 

�p�r�e�s�e�n�t� �i�n� �b�o�t�h� �b�o�v�i�n�e� �a�n�d� �h�u�m�a�n� �m�i�l�k�s� �(�1�5�1�,�1�5�2�,�1�5�3�)�.� �T�h�e� 

�p�l�a�s�m�i�n� �i�n�h�i�b�i�t�o�r�y� �a�c�t�i�v�i�t�y� �o�f� �B�-�l�a�c�t�o�g�l�o�b�u�l�i�n� �h�a�s� �b�e�e�n� 

�d�o�c�u�m�e�n�t�e�d� �(�1�3�7�,�1�7�1�)�.� �M�o�s�t� �i�n�h�i�b�i�t�o�r�y� �a�c�t�i�v�i�t�y� �a�p�p�e�a�r�s� �t�o� 

�b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �s�e�r�u�m� �f�r�a�c�t�i�o�n� �o�f� �m�i�l�k� �(�1�4�9�)�.� 

�H�o�w�e�v�e�r�,� �v�e�r�y� �l�i�t�t�l�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� �o�t�h�e�r� 

�i�n�h�i�b�i�t�o�r�s� �p�r�e�s�e�n�t� �i�n� �m�i�l�k�.� 

�2�.�4�.�1� �P�l�a�s�m�i�n� �M�e�d�i�a�t�e�d� �P�r�o�t�e�o�l�y�s�i�s� �i�n� �N�o�r�m�a�l� �F�r�e�s�h� �M�i�l�k� 

�T�h�e� �p�r�i�n�c�i�p�a�l� �p�r�o�t�e�a�s�e� �i�n� �b�o�v�i�n�e� �m�i�l�k� �h�a�s� �a� �w�i�d�e� �p�H� 

�o�p�t�i�m�u�m�,� �w�i�t�h� �m�a�x�i�m�u�m� �a�c�t�i�v�i�t�y� �o�c�c�u�r�r�i�n�g� �o�v�e�r� �t�h�e� �p�H� �r�a�n�g�e� 

�6�.�5� �-� �9�.�0� �(�1�5�4�)�.� �P�r�o�t�e�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� �i�s� �m�a�x�i�m�a�l� �a�t� �c�a�l�v�i�n�g� 

�a�n�d� �d�e�c�r�e�a�s�e�s� �i�n� �a�b�o�u�t� �f�i�v�e� �d�a�y�s� �t�o� �1�0� �-� �2�0�%� �o�f� �t�h�e� �p�e�a�k� 

�a�c�t�i�v�i�t�y� �(�1�6�6�)�.� �P�l�a�s�m�i�n�o�g�e�n�,� �t�h�e� �z�y�m�o�g�e�n� �o�f� �t�h�e� �a�c�t�i�v�e� 

�e�n�z�y�m�e�,� �a�c�c�o�u�n�t�s� �f�o�r� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �p�r�o�t�e�o�l�y�t�i�c� 

�p�o�t�e�n�t�i�a�l� �i�n� �m�i�l�k� �(�1�4�9�)�.� �R�i�c�h�a�r�d�s�o�n� �a�n�d� �P�e�a�r�c�e� �(�1�4�3�)� �h�a�v�e� 

�r�e�p�o�r�t�e�d� �t�h�a�t� �p�l�a�s�m�i�n� �a�n�d� �p�l�a�s�m�i�n�o�g�e�n� �o�c�c�u�r� �i�n� �b�o�v�i�n�e� �m�i�l�k� 

�a�t� �l�e�v�e�l�s� �o�f� �0�.�1�4� �-� �0�.�7�3� �y�w�g�/�m�l� �a�n�d� �0�.�5�5� �-� �2�.�7�5� �u�g�/�m�l�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �l�e�v�e�l�s� �a�n�d� �r�a�t�i�o�s� �a�t� �w�h�i�c�h� �t�h�e�s�e� �o�c�c�u�r� �i�n� 

�m�i�l�k� �d�e�p�e�n�d� �u�p�o�n� �a� �v�a�r�i�e�t�y� �o�f� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �t�h�e� �s�t�a�g�e� �o�f� 

�l�a�c�t�a�t�i�o�n� �a�n�d� �h�e�a�l�t�h� �o�f� �t�h�e� �c�o�w� �(�1�5�6�,�1�5�7�)�.� �P�l�a�s�m�i�n�o�g�e�n� �i�n� 

�m�i�l�k� �i�s� �c�o�n�v�e�r�t�e�d� �t�o� �p�l�a�s�m�i�n� �b�y� �t�h�e� �a�c�t�i�o�n� �o�f� �a�c�t�i�v�a�t�o�r�s�.� 
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�A�c�t�i�v�a�t�i�o�n� �m�a�y� �o�c�c�u�r� �w�h�i�l�e� �t�h�e� �m�i�l�k� �i�s� �t�e�m�p�o�r�a�r�i�l�y� �s�t�o�r�e�d� �i�n� 

�t�h�e� �l�u�m�e�n� �(�1�5�8�)� �o�r� �a�t� �a�n�y� �t�i�m�e� �a�f�t�e�r� �m�i�l�k�i�n�g� �(�1�5�9�)�.� 

�P�r�o�t�e�o�l�y�t�i�c� �f�r�a�g�m�e�n�t�s� �m�a�y� �a�l�s�o� �b�e� �s�e�c�r�e�t�e�d� �d�i�r�e�c�t�l�y� �i�n�t�o� 

�t�h�e� �l�u�m�e�n� �(�1�6�0�)�.� 

�I�n� �m�i�l�k�,� �c�a�s�e�i�n� �i�s� �t�h�e� �p�r�i�m�a�r�y� �s�u�b�s�t�r�a�t�e� �f�o�r� �p�l�a�s�m�i�n�.� 

�M�a�n�y� �m�i�n�o�r� �p�r�o�t�e�i�n�s� �a�n�d� �p�e�p�t�i�d�e�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �m�i�l�k� �o�c�c�u�r� 

�d�u�e� �t�o� �t�h�e� �a�c�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �o�n� �t�h�e� �m�a�j�o�r� �c�a�s�e�i�n�s� �a�n�d� 

�p�r�o�t�e�i�n�s� �i�n� �t�h�e� �f�a�t� �g�l�o�b�u�l�e� �m�e�m�b�r�a�n�e�.� �8�-�C�a�s�e�i�n� �c�o�n�t�a�i�n�s� �i�l� 

�o�r� �1�2� �l�y�s�y�l� �a�n�d� �4� �o�r� �5� �a�r�g�i�n�y�l� �r�e�s�i�d�u�e�s�/�m�o�l�e� �p�r�o�v�i�d�i�n�g� �1�5� �-� 

�1�7� �s�u�s�c�e�p�t�i�b�l�e� �s�i�t�e�s� �f�o�r� �p�l�a�s�m�i�n�.� �I�t� �i�s� �n�o�w� �e�s�t�a�b�l�i�s�h�e�d� 

�t�h�a�t� �y�-�C�a�s�e�i�n�s� �a�r�e� �t�h�e� �m�o�s�t� �p�r�e�v�a�l�e�n�t� �m�i�n�o�r� �c�a�s�e�i�n�s� �i�n� 

�b�o�v�i�n�e� �m�i�l�k� �a�n�d� �a�r�e� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �p�r�o�t�e�o�l�y�t�i�c� �b�r�e�a�k�d�o�w�n� �o�f� 

�B�-�c�a�s�e�i�n� �(�1�7�4�,�1�7�8�)�.� �T�h�e� �Y�l�-�,� �Y�2�-�,� �a�n�d� �Y�3�-� �c�a�s�e�i�n�s� �h�a�v�e� �b�e�e�n� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �s�p�e�c�i�f�i�c� �C�-�t�e�r�m�i�n�a�l� �f�r�a�g�m�e�n�t�s� �o�f� �8�-�c�a�s�e�i�n� 

�r�e�s�u�l�t�i�n�g� �f�r�o�m� �p�l�a�s�m�i�n�-�m�e�d�i�a�t�e�d� �c�l�e�a�v�a�g�e�s� �a�t� �L�y�s� �2�8�,� �L�y�s� 

�1�0�5�,� �a�n�d� �L�y�s� �1�0�7�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�1�7�6�)�.� �I�n� �f�a�c�t�,� �t�h�e� �M�i�l�k� 

�P�r�o�t�e�i�n� �N�o�m�e�n�c�l�a�t�u�r�e� �C�o�m�m�i�t�t�e�e� �h�a�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �t�h�e� �t�e�r�m� 

�¥�c�a�s�e�i�n� �n�o� �l�o�n�g�e�r� �b�e� �u�s�e�d� �a�n�d� �t�h�a�t� �t�h�e� �p�r�o�t�e�o�l�y�t�i�c� �f�r�a�g�m�e�n�t�s� 

�b�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �b�r�e�a�k�d�o�w�n� �p�r�o�d�u�c�t�s� �o�f� �B�-�c�a�s�e�i�n�.� �T�h�u�s� �Y�l�-�,� 

�Y�2�-�,� �a�n�d� �Y�3�-� �c�a�s�e�i�n�s� �h�a�v�e� �b�e�e�n� �r�e�n�a�m�e�d� �S�8�-�c�a�s�e�i�n� �(�f�r�a�g�m�e�n�t� �2�9� 

�~� �2�0�9�)�,� �B�-�c�a�s�e�i�n� �(�f�r�a�g�m�e�n�t� �1�0�6� �-� �2�0�9�)�,� �a�n�d� �8�-�c�a�s�e�i�n� 

�(�f�r�a�g�m�e�n�t� �1�0�8� �-� �2�0�9�)�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�1�7�5�)�.� �T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�N�-�t�e�r�m�i�n�a�l� �f�r�a�g�m�e�n�t�s� �r�e�l�e�a�s�e�d� �d�u�r�i�n�g� �p�r�o�t�e�o�l�y�s�i�s� �o�f� �&�8�-�c�a�s�e�i�n� 

�c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �p�r�o�t�e�o�s�e�-�p�e�p�t�o�n�e� �f�r�a�c�t�i�o�n� �i�n� �m�i�l�k�.� 

�P�r�o�t�e�o�s�e�-�p�e�p�t�o�n�e� �c�o�m�p�o�n�e�n�t� �8�F� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �f�r�a�g�m�e�n�t� 

�c�o�n�t�a�i�n�i�n�g� �r�e�s�i�d�u�e�s� �1� �-� �2�8�,� �w�h�i�c�h� �i�s� �p�r�o�d�u�c�e�d� �d�u�r�i�n�g� 
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�f�o�r�m�a�t�i�o�n� �o�f� �B�-�c�a�s�e�i�n� �(�f� �2�9� �-� �2�0�9�)� �(�1�6�1�)�.� �T�h�e� �f�r�a�g�m�e�n�t� 

�c�o�n�t�a�i�n�i�n�g� �r�e�s�i�d�u�e�s� �1� �-� �1�0�5� �a�n�d� �1� �-� �1�0�7� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� 

�a�s� �p�r�o�t�e�o�s�e�-�p�e�p�t�o�n�e� �c�o�m�p�o�n�e�n�t� �5� �(�1�7�7�)�.� �A�t� �o�n�e� �t�i�m�e� �r�e�s�i�d�u�e�s� 

�2�9�-�1�0�5� �a�n�d� �2�9�-�1�0�7� �w�e�r�e� �p�r�o�p�o�s�e�d� �t�o� �b�e� �p�r�o�t�e�o�s�e�-�p�e�p�t�o�n�e� �8�5�S� 

�(�1�6�2�)�,� �h�o�w�e�v�e�r�,� �s�u�b�s�e�q�u�e�n�t� �w�o�r�k� �h�a�s� �s�h�o�w�n� �t�h�a�t� �P�P� �8�S� �i�s� �n�o�t� 

�a� �b�r�e�a�k�d�o�w�n� �p�r�o�d�u�c�t� �o�f� �8�-�c�a�s�e�i�n� �a�n�d� �m�a�y� �a�c�t�u�a�l�l�y� �b�e� �a� 

�p�r�i�m�a�r�y� �g�e�n�e� �p�r�o�d�u�c�t� �(�1�6�3�)�.� �O�t�h�e�r� �s�u�s�c�e�p�t�i�b�l�e� �b�o�n�d�s� �i�n� 

�B�-�c�a�s�e�i�n� �m�a�y� �b�e� �h�y�d�r�o�l�y�z�e�d� �m�o�r�e� �s�l�o�w�l�y� �b�e�c�a�u�s�e� �t�h�e�y� �o�c�c�u�r� �i�n� 

�e�n�v�i�r�o�n�m�e�n�t�s� �u�n�s�u�i�t�a�b�l�e� �f�o�r� �p�l�a�s�m�i�n� �a�c�t�i�o�n� �(�1�6�4�)�.� 

�a�,� �~�C�a�s�e�i�n�,� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �1�4� �l�y�s�y�l� �a�n�d� �6� �a�r�g�i�n�y�l� 

�r�e�s�i�d�u�e�s�,� �i�s� �a�l�s�o� �h�y�d�r�o�l�y�z�e�d� �b�y� �p�l�a�s�m�i�n�,� �a�l�t�h�o�u�g�h� �t�o� �a� 

�l�e�s�s�e�r� �e�x�t�e�n�t� �t�h�a�n� �8�-�c�a�s�e�i�n�.� �T�h�e� �L�a�m�b�d�a�-�c�a�s�e�i�n�s� �h�a�v�e� �b�e�e�n� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �c�o�n�t�a�i�n�i�n�g� �s�o�m�e� �b�r�e�a�k�d�o�w�n� �p�r�o�d�u�c�t�s� �r�e�s�u�l�t�i�n�g� 

�f�r�o�m� �p�l�a�s�m�i�n� �a�c�t�i�o�n� �o�n� �@� �4� �7�c�a�s�e�i�n� �(�1�6�5�)�.� �H�o�w�e�v�e�r�,� �t�h�e� 

�l�a�m�b�d�a�-� �c�a�s�e�i�n� �f�r�a�c�t�i�o�n� �i�s� �r�a�t�h�e�r� �i�l�l� �d�e�f�i�n�e�d� �a�n�d� �a�w�a�i�t�s� 

�f�u�r�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�.� �O�t�h�e�r� �b�r�e�a�k�d�o�w�n� �f�r�a�g�m�e�n�t�s� �o�f� 

�@� �4� �7�c�a�s�e�i�n� �h�a�v�e� �n�o�t� �y�e�t� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�.� �B�a�s�e�d� �o�n� �t�h�e� �a�m�i�n�o� 

�a�c�i�d� �s�e�q�u�e�n�c�e�,� �«�_�,�-�c�a�s�e�i�n� �c�o�u�l�d� �a�p�p�e�a�r� �t�o� �c�o�n�t�a�i�n� �s�e�v�e�r�a�l� 
�S�2� 

�r�e�g�i�o�n�s� �w�h�i�c�h� �m�a�y� �b�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �a�t�t�a�c�k� �b�y� �p�l�a�s�m�i�n� �(�1�7�9�)�.� 

�T�h�e�s�e� �s�i�t�e�s� �a�r�e� �t�h�e� �L�y�s�(�7�6�)�-�H�i�s�(�7�7�)�,� �L�y�s�(�1�1�3�)�-�A�r�g�(�1�1�4�)�,� 

�L�y�s�(�1�3�6�)�-�L�y�s�(�1�3�7�)�,� �L�y�s�(�1�4�9�)�-�L�y�s�(�1�5�0�)�,� �a�n�d� �L�y�s�(�1�6�5�)�-�L�y�s�(�1�6�6�)� 

�b�o�n�d�s�.� �T�h�u�s�f�a�r�,� �n�o� �p�r�o�t�e�o�l�y�t�i�c� �f�r�a�g�m�e�n�t�s� �o�f� �a�,�-�c�a�s�e�i�n� �h�a�v�e� 

�b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �i�n� �m�i�l�k�.� �K�a�p�p�a�-�c�a�s�e�i�n� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �t�h�e� 

�s�t�a�b�i�l�i�t�y� �o�f� �c�a�s�e�i�n� �m�i�c�e�l�l�e�s� �i�n� �m�i�l�k� �a�n�d� �a�p�p�e�a�r�s� �t�o� �b�e� �v�e�r�y� 

�r�e�s�i�s�t�a�n�t� �t�o� �p�r�o�t�e�o�l�y�s�i�s� �b�y� �p�l�a�s�m�i�n� �(�1�6�6�,�1�6�7�)�.� 

�I�n� �i�s�o�l�a�t�e�d� �c�a�s�e�i�n� �s�y�s�t�e�m�s�,� �p�l�a�s�m�i�n� �a�t�t�a�c�k�s� �8�B�-�c�a�s�e�i�n� 
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�m�o�r�e� �r�a�p�i�d�l�y� �t�h�a�n� �e�i�t�h�e�r� �O�1�7� �o�r� �O�2�7� �c�a�s�e�i�n�s�,� �w�h�i�l�e� 

�k�a�p�p�a�-�c�a�s�e�i�n� �r�e�m�a�i�n�s� �l�a�r�g�e�l�y� �i�n�t�a�c�t�.� �H�o�w�e�v�e�r�,� �a�,� �7�c�a�s�e�i�n� �i�s� 

�m�o�r�e� �r�a�p�i�d�l�y� �a�n�d� �e�x�t�e�n�s�i�v�e�l�y� �d�e�g�r�a�d�e�d� �i�n� �m�i�l�k� �t�h�a�n� �a�r�e� �t�h�e� 

�o�t�h�e�r� �c�a�s�e�i�n�s� �(�1�6�8�)�.� �O�n�e� �e�x�p�l�a�n�a�t�i�o�n� �p�r�o�p�o�s�e�d� �i�s� �t�h�a�t� �t�h�e� 

�m�i�c�e�l�l�a�r� �@� �j�y� �7�c�a�s�e�i�n� �m�a�y� �p�r�o�t�e�c�t� �t�h�e� �s�u�s�c�e�p�t�i�b�l�e� �s�i�t�e�s� �o�f� 

�B�-�c�a�s�e�i�n� �f�r�o�m� �e�x�o�g�e�n�o�u�s� �p�l�a�s�m�i�n� �(�1�6�8�)�.� �T�h�u�s�,� �t�h�e� �r�a�t�e� �a�t� 

�w�h�i�c�h� �c�a�s�e�i�n�s� �a�r�e� �d�e�g�r�a�d�e�d� �i�n� �m�i�l�k� �m�a�y� �b�e� �a� �r�e�f�l�e�c�t�i�o�n� �o�f� 

�t�h�e�i�r� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�h�e� �m�i�c�e�l�l�e� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �t�h�e� �m�i�c�e�l�l�e� �t�o� �p�l�a�s�m�i�n� �(�1�6�9�)�.� 

�N�e�v�e�r�t�h�e�l�e�s�s�,� �m�i�l�k� �d�o�e�s� �c�o�n�t�a�i�n� �l�a�r�g�e� �q�u�a�n�t�i�t�i�e�s� �o�f� 

�b�r�e�a�k�d�o�w�n� �p�r�o�d�u�c�t�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �a�c�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �o�n� 

�B�-�c�a�s�e�i�n�.� �A� �r�e�l�a�t�i�v�e�l�y� �l�a�r�g�e� �p�o�r�t�i�o�n� �o�f� �B�-�c�a�s�e�i�n� �e�x�i�s�t�s� �i�n� 

�a� �n�o�n�m�i�c�e�l�l�a�r� �f�o�r�m� �a�n�d� �m�a�y� �b�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �p�l�a�s�m�i�n� 

�a�c�t�i�o�n� �(�1�6�1�)�.� 

�C�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�a�s�e�i�n�s�,� �w�h�e�y� �p�r�o�t�e�i�n�s� �a�r�e� �r�e�s�i�s�t�a�n�t� �t�o� 

�p�l�a�s�m�i�n� �m�e�d�i�a�t�e�d� �p�r�o�t�e�o�l�y�s�i�s� �p�r�o�b�a�b�l�y� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e�i�r� 

�r�i�g�i�d� �g�l�o�b�u�l�a�r� �c�o�n�f�o�r�m�a�t�i�o�n� �(�1�7�0�)�.� �I�n� �f�a�c�t�,� �B�-�l�a�c�t�o�g�l�o�b�u�l�i�n� 

�(�8�-�L�g�)� �a�c�t�u�a�l�l�y� �a�p�p�e�a�r�s� �t�o� �b�e� �a�n� �i�n�h�i�b�i�t�o�r� �o�f� �p�l�a�s�m�i�n�.� 

�N�a�t�i�v�e� �8�-�L�g� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �i�n�h�i�b�i�t� �p�l�a�s�m�i�n� �d�e�g�r�a�d�a�t�i�o�n� �o�f� 

�w�h�o�l�e� �c�a�s�e�i�n� �(�1�3�7�)� �h�e�a�t�-�d�e�n�a�t�u�r�e�d�,� �b�u�t� �n�o�t� �n�a�t�i�v�e�,� �8�-�L�g� 

�i�n�h�i�b�i�t�s� �p�l�a�s�m�i�n� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �i�s�o�l�a�t�e�d� �O�2�7� �a�n�d� �B�-� �c�a�s�e�i�n�s� 

�(�1�7�1�)�.� 

�P�l�a�s�m�i�n� �h�a�s� �a�l�s�o� �b�e�e�n� �s�h�o�w�n� �t�o� �h�y�d�r�o�l�y�z�e� �s�o�m�e� �o�f� �t�h�e� 

�m�a�j�o�r� �m�i�l�k�-�f�a�t�-�g�l�o�b�u�l�e�-�m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�s�.� �M�e�m�b�r�a�n�e� 

�p�o�l�y�p�e�p�t�i�d�e�s� �o�f� �M�W� �1�5�5�-�,� �7�0�-�,� �a�n�d� �3�4�-� �k�D� �a�r�e� �d�e�g�r�a�d�e�d� �b�y� 

�p�l�a�s�m�i�n� �t�o� �p�o�l�y�p�e�p�t�i�d�e�s� �o�f� �M�W� �9�2�-�,� �2�0�-�,� �1�8�-�,� �1�2�-�,� �a�n�d� �8�.�5� �k�D� 
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�(�1�4�0�)�.� �P�r�o�t�e�o�s�e�-�p�e�p�t�o�n�e� �3� �h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �t�o� �b�e� �p�r�o�d�u�c�e�d� 

�b�y� �p�l�a�s�m�i�n� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �m�e�m�b�r�a�n�e� �p�o�l�y�p�e�p�t�i�d�e�s� �(�1�7�2�)�.� 

�N�e�j�j�a�r� �e�t� �a�l� �h�a�v�e� �r�e�c�e�n�t�l�y� �s�h�o�w�n� �t�h�a�t� �t�h�e� �h�y�d�r�o�p�h�o�b�i�c� 

�f�r�a�c�t�i�o�n� �o�f� �p�r�o�t�e�o�s�e� �p�e�p�t�o�n�e�s� �a�r�e� �i�m�m�u�n�o�l�o�g�i�c�a�l�l�y� �i�d�e�n�t�i�c�a�l� 

�w�i�t�h� �t�h�e� �f�a�t�-�g�l�o�b�u�l�e�-�m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�s� �(�1�7�3�)�.� �T�h�u�s� �s�o�m�e� 

�p�o�l�y�p�e�p�t�i�d�e�s� �c�o�m�p�r�i�s�i�n�g� �t�h�e� �p�r�o�t�e�o�s�e� �p�e�p�t�o�n�e� �f�r�a�c�t�i�o�n� �a�p�p�e�a�r� 

�t�o� �b�e� �f�r�a�g�m�e�n�t�s� �o�f� �p�r�o�t�e�i�n�s� �i�n� �t�h�e� �f�a�t� �g�l�o�b�u�l�e� �m�e�m�b�r�a�n�e� �a�s� 

�w�e�l�l� �a�s� �f�r�a�g�m�e�n�t�s� �o�f� �8�B�-�c�a�s�e�i�n�.� 

�2�.�4�.�2� �P�l�a�s�m�i�n� �A�c�t�i�v�i�t�y� �i�n� �H�e�a�t�-�t�r�e�a�t�e�d� �M�i�l�k� 

�P�l�a�s�m�i�n� �i�s� �a� �t�h�e�r�m�o�-�r�e�s�i�s�t�a�n�t� �e�n�z�y�m�e� �(�1�5�4�)� �w�h�i�c�h� �h�a�s� 

�b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �e�x�p�r�e�s�s� �e�n�h�a�n�c�e�d� �a�c�t�i�v�i�t�y� �i�n� �p�a�s�t�e�u�r�i�z�e�d� 

�m�i�l�k� �(�1�5�5�)�.� �I�n�c�r�e�a�s�e�d� �a�c�t�i�v�i�t�y� �c�o�u�l�d� �o�c�c�u�r� �a�s� �a� �r�e�s�u�l�t� �o�f� 

�i�n�a�c�t�i�v�a�t�i�o�n� �o�f� �a� �h�e�a�t�-�l�a�b�i�l�e� �i�n�h�i�b�i�t�o�r� �(�1�5�5�,�1�8�0�)�,� �f�r�o�m� 

�i�n�a�c�t�i�v�a�t�i�o�n� �o�f� �a�n� �a�n�t�i�a�c�t�i�v�a�t�o�r� �p�r�o�d�u�c�i�n�g� �e�n�h�a�n�c�e�d� 

�p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �a�c�t�i�v�i�t�y� �(�1�8�1�)�,� �o�r� �d�u�e� �t�o� �i�n�c�r�e�a�s�e�d� 

�a�c�c�e�s�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �s�u�s�c�e�p�t�i�b�l�e� �b�o�n�d�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� 

�p�a�r�t�i�a�l� �d�e�n�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�u�b�s�t�r�a�t�e� �(�1�8�2�)�.� �P�l�a�s�m�i�n� �i�n� 

�m�i�l�k� �m�a�y� �e�v�e�n� �b�e� �p�a�r�t�i�a�l�l�y� �r�e�s�i�s�t�a�n�t� �t�o� �c�o�n�d�i�t�i�o�n�s� �e�x�i�s�t�i�n�g� 

�i�n� �s�o�m�e� �u�l�t�r�a�-�h�i�g�h�-�t�e�m�p�e�r�a�t�u�r�e� �t�r�e�a�t�m�e�n�t�s� �(�1�8�3�,�1�8�4�)�.� 

�P�l�a�s�m�i�n� �f�o�r�m�s� �a� �m�o�r�e� �s�t�a�b�l�e� �c�o�m�p�l�e�x� �w�i�t�h� �c�a�s�e�i�n� �t�h�a�n� 

�d�o�e�s� �p�l�a�s�m�i�n�o�g�e�n� �(�1�8�5�)� �w�h�i�c�h� �m�i�g�h�t� �e�x�p�l�a�i�n� �w�h�y� �h�e�a�t� 

�i�n�a�c�t�i�v�a�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �l�a�g�s� �b�e�h�i�n�d� �t�h�a�t� �o�f� �p�l�a�s�m�i�n�o�g�e�n� 

�(�1�8�6�)�.� �T�h�e� �t�h�e�r�m�o�-�r�e�s�i�s�t�a�n�c�e� �o�f� �p�l�a�s�m�i�n� �h�a�s� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� 

�t�o� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �a� �n�u�m�b�e�r� �o�f� �s�t�a�b�i�l�i�z�i�n�g� �i�n�t�e�r�m�o�l�e�c�u�l�a�r� 

�-�S�-�S�-� �b�o�n�d�s�.� �I�n�a�c�t�i�v�a�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �b�y� �8�-�L�g� �d�u�r�i�n�g� �h�e�a�t�i�n�g� 
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�h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �t�o� �o�c�c�u�r� �t�h�r�o�u�g�h� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �a�c�t�i�v�a�t�e�d� 

�f�r�e�e� �-�S�H� �g�r�o�u�p�s� �o�n� �8�-�L�g� �w�i�t�h� �t�h�e� �-�S�-�S�-� �b�r�i�d�g�e�s� �o�f� �p�l�a�s�m�i�n� 

�(�1�8�6�)�.� �P�l�a�s�m�i�n� �i�s� �m�o�r�e� �t�h�e�r�m�o�s�t�a�b�l�e� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �8�-�L�g� 

�(�1�8�6�)�.� 

�2�.�4�.�3� �P�l�a�s�m�i�n� �A�c�t�i�v�i�t�y� �i�n� �C�o�l�d�-�s�t�o�r�e�d� �M�i�l�k� 

�B�e�s�i�d�e�s� �b�e�i�n�g� �v�e�r�y� �t�h�e�r�m�o�s�t�a�b�l�e�,� �p�l�a�s�m�i�n� �i�s� �a�l�s�o� 

�a�c�t�i�v�e� �a�t� �r�e�f�r�i�g�e�r�a�t�o�r� �t�e�m�p�e�r�a�t�u�r�e�s� �(�1�5�4�)�.� �C�a�s�e�i�n� 

�h�y�d�r�o�l�y�s�i�s� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �b�e� �e�v�e�n� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �a�t� �4�°� 

�C� �t�h�a�n� �a�t� �3�7�°� �C� �a�n�d� �i�s� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �t�h�e� �i�m�m�o�b�i�l�i�z�a�t�i�o�n� 

�o�f� �b�o�t�h� �e�n�z�y�m�e� �a�n�d� �s�u�b�s�t�r�a�t�e� �a�t� �t�h�e� �m�i�c�e�l�l�e� �s�u�r�f�a�c�e� �a�t� 

�h�i�g�h�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �(�1�8�7�)�.� �S�t�o�r�a�g�e� �o�f� �m�i�l�k� �a�t� �4�°� �¢� �f�o�r� �4�8�h� 

�p�r�o�d�u�c�e�s� �e�x�t�e�n�s�i�v�e� �t�r�a�n�s�f�e�r� �o�f� �B�-�c�a�s�e�i�n� �f�r�o�m� �t�h�e� �m�i�c�e�l�l�a�r� �t�o� 

�t�h�e� �n�o�n�-�m�i�c�e�l�l�a�r� �p�h�a�s�e� �s�o� �t�h�a�t� �a�l�m�o�s�t� �3�0�-�6�0�%� �o�f� �t�h�e� �t�o�t�a�l� 

�B�-�c�a�s�e�i�n� �o�c�c�u�r�s� �i�n� �t�h�e� �s�o�l�u�b�l�e� �p�h�a�s�e� �(�1�8�8�,�1�8�9�)�.� �D�u�r�i�n�g� �t�h�i�s� 

�t�i�m�e� �t�h�e� �g�a�m�m�a�-�c�a�s�e�i�n� �c�o�n�t�e�n�t� �o�f� �m�i�l�k� �i�n�c�r�e�a�s�e�s� �a�b�o�u�t� �2�5�%� 

�(�1�8�7�)�.� �C�o�l�d�-�s�t�o�r�a�g�e� �a�l�s�o� �i�n�c�r�e�a�s�e�s� �l�e�v�e�l�s� �o�f� �O�4�7� �a�n�d� �-� 

�c�a�s�e�i�n�s� �i�n� �t�h�e� �n�o�n�-�m�i�c�e�l�l�a�r� �p�h�a�s�e� �(�1�8�8�)�.� �W�h�e�t�h�e�r� �t�h�i�s� 

�a�f�f�e�c�t�s� �t�h�e� �e�x�t�e�n�t� �t�o� �w�h�i�c�h� �t�h�e� �a�_�.�-� �a�n�d� �K� �c�a�s�e�i�n�s� �a�r�e� 
�s�l� 

�h�y�d�r�o�l�y�z�e�d� �b�y� �p�l�a�s�m�i�n� �i�s� �n�o�t� �k�n�o�w�n�.� 

�2�.�4�.�4� �P�l�a�s�m�i�n� �A�c�t�i�v�i�t�y� �i�n� �A�b�n�o�r�m�a�l� �M�i�l�k� 

�D�u�r�i�n�g� �m�a�s�t�i�t�i�c� �i�n�f�e�c�t�i�o�n� �a�n�d� �a�d�v�a�n�c�e�d� �s�t�a�g�e�s� �o�f� 

�l�a�c�t�a�t�i�o�n� �t�h�e� �l�e�v�e�l� �o�f� �b�l�o�o�d� �c�o�n�s�t�i�t�u�e�n�t�s� �w�h�i�c�h� �a�r�e� 

�t�r�a�n�s�f�e�r�r�e�d�.� �i�n�t�o� �m�i�l�k� �i�n�c�r�e�a�s�e� �d�r�a�m�a�t�i�c�a�l�l�y� �(�1�6�8�)�.� �T�h�e�s�e� 

�m�i�l�k�s� �h�a�v�e� �a� �m�u�c�h� �h�i�g�h�e�r� �p�r�o�t�e�o�l�y�t�i�c� �p�o�t�e�n�t�i�a�l� �t�h�a�n� �d�o�e�s� 
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�m�i�l�k� �f�r�o�m� �n�o�r�m�a�l�,� �h�e�a�l�t�h�y� �c�o�w�s�.� �M�i�l�k� �f�r�o�m� �c�o�w�s� �w�i�t�h� 

�s�u�b�c�l�i�n�i�c�a�l� �m�a�s�t�i�t�i�s� �c�o�n�t�a�i�n� �p�l�a�s�m�i�n� �a�s� �t�h�e� �p�r�i�n�c�i�p�a�l� 

�p�r�o�t�e�a�s�e�,� �w�h�e�r�e�a�s�,� �m�i�l�k� �f�r�o�m� �m�a�s�t�i�t�i�c� �a�n�i�m�a�l�s� �a�l�s�o� �h�a�v�e� 

�i�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �n�o�n�-�p�l�a�s�m�i�n�-�l�i�k�e� �e�n�z�y�m�e�s� �(�1�5�7�,�1�9�0�)�.� 

�M�i�l�k� �f�r�o�m� �m�a�s�t�i�t�i�c� �a�n�i�m�a�l�s� �c�o�n�t�a�i�n�s� �c�o�n�s�t�i�t�u�e�n�t�s� �d�e�r�i�v�e�d� �n�o�t� 

�o�n�l�y� �f�r�o�m� �b�l�o�o�d� �b�u�t� �a�l�s�o� �f�r�o�m� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �c�e�l�l�s� 

�w�h�i�c�h� �p�a�s�s� �i�n�t�o� �m�i�l�k� �f�r�o�m� �i�n�f�e�c�t�e�d� �m�a�m�m�a�r�y� �t�i�s�s�u�e�.� �T�h�e� 

�M�a�j�o�r� �p�r�o�t�e�o�l�y�t�i�c� �e�n�z�y�m�e�s� �o�f� �t�h�e�s�e� �c�e�l�l�s�,� �p�r�i�m�a�r�i�l�y� �c�o�m�p�o�s�e�d� 

�o�f� �p�o�l�y�m�o�r�p�h�o�n�u�c�l�e�a�r� �l�e�u�c�o�c�y�t�e�s� �(�1�9�1�)�,� �a�r�e� �e�l�a�s�t�a�s�e�,� 

�c�a�t�h�e�p�s�i�n�,� �a�n�d� �c�o�l�l�a�g�e�n�a�s�e� �(�1�9�2�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �e�x�t�e�n�t� �t�o� 

�w�h�i�c�h� �t�h�e�s�e� �c�e�l�l�s� �a�r�e� �c�a�p�a�b�l�e� �o�f� �e�n�h�a�n�c�i�n�g� �p�r�o�t�e�o�l�y�s�i�s� 

�d�e�p�e�n�d�s� �n�o�t� �o�n�l�y� �o�n� �t�h�e�i�r� �n�u�m�b�e�r�s�,� �b�u�t� �a�l�s�o� �o�n� �t�h�e�i�r� 

�a�c�t�i�v�i�t�y� �(�1�9�4�)�.� �T�h�e�s�e� �c�e�l�l�s� �m�a�y� �a�l�s�o� �c�o�n�t�a�i�n� �i�n�t�r�a�-�c�e�l�l�u�l�a�r� 

�p�r�o�t�e�a�s�e� �i�n�h�i�b�i�t�o�r�s� �(�1�9�5�,�1�9�6�)� �w�h�o�s�e� �r�e�l�e�a�s�e� �m�a�y� �a�f�f�e�c�t� 

�e�x�t�e�n�t� �o�f� �p�r�o�t�e�o�l�y�s�i�s� �i�n� �m�i�l�k�.� �I�n�c�r�e�a�s�e�d� �p�r�o�t�e�o�l�y�t�i�c� 

�a�c�t�i�v�i�t�y� �o�b�s�e�r�v�e�d� �i�n� �l�a�t�e� �l�a�c�t�a�t�i�o�n� �m�i�l�k� �h�a�s� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� 

�t�o� �i�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �a�c�t�i�v�e� �p�l�a�s�m�i�n� �r�a�t�h�e�r� �t�h�a�n� �e�n�h�a�n�c�e�d� 

�c�o�n�v�e�r�s�i�o�n� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �b�y� �a�c�t�i�v�a�t�o�r�s� �i�n� �m�i�l�k� �(�1�4�9�,�1�9�3�)�.� 

�T�h�e�s�e� �s�t�u�d�i�e�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �m�i�l�k� �c�o�n�t�a�i�n�s� �a�t� �l�e�a�s�t� �a� 

�f�e�w� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �c�o�m�p�r�i�s�e� �t�h�e� �c�o�m�p�l�e�x� �f�i�b�r�i�n�o�l�y�t�i�c� 

�s�y�s�t�e�m� �i�n� �b�l�o�o�d�.� �H�o�w�e�v�e�r�,� �o�n�l�y� �s�o�m�e� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� 

�h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �o�r� �q�u�a�n�t�i�f�i�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �l�i�t�t�l�e� 

�i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �o�n� �i�n�t�e�r�a�c�t�i�o�n�s� �w�h�i�c�h� �o�c�c�u�r� �a�m�o�n�g� 

�t�h�e� �v�a�r�i�o�u�s� �c�o�m�p�o�n�e�n�t�s� �w�h�i�c�h� �m�a�k�e� �u�p� �t�h�e� �p�r�i�n�c�i�p�a�l� 

�p�r�o�t�e�o�l�y�t�i�c� �s�y�s�t�e�m� �i�n� �b�o�v�i�n�e� �m�i�l�k�.� 
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�T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �w�o�u�l�d� �b�e� �o�f� �c�o�n�s�i�d�e�r�a�b�l�e� �i�n�t�e�r�e�s�t� �t�o� 

�t�h�e� �d�a�i�r�y� �i�n�d�u�s�t�r�y�,� �a�s� �e�x�t�e�n�s�i�v�e� �p�r�o�t�e�o�l�y�s�i�s� �m�a�y� �r�e�s�u�l�t� �i�n� 

�g�r�e�a�t�l�y� �r�e�d�u�c�e�d� �y�i�e�l�d�s� �a�n�d� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t� �a� �v�a�r�i�e�t�y� �o�f� 

�c�h�e�e�s�e�-�m�a�k�i�n�g� �p�a�r�a�m�e�t�e�r�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �h�i�g�h� �l�e�v�e�l�s� �o�f� 

�g�e�n�e�r�a�l� �a�n�t�i�p�r�o�t�e�a�s�e�s� �l�i�k�e� �a�5�-�M� �m�a�y� �i�n�h�i�b�i�t� �a�c�t�i�o�n� �o�f� �m�i�l�k� 

�c�l�o�t�t�i�n�g� �e�n�z�y�m�e�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �p�e�c�u�l�i�a�r� �m�o�d�e� �o�f� 

�a�,�-�M�-�m�e�d�i�a�t�e�d� �i�n�h�i�b�i�t�i�o�n� �m�a�y� �r�e�s�u�l�t� �i�n� �a�n� �i�n�a�c�c�u�r�a�t�e� 

�e�s�t�i�m�a�t�i�o�n�,� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �s�y�n�t�h�e�t�i�c� 

�s�u�b�s�t�r�a�t�e�s�.� 

�2�.�5� �O�B�J�E�C�T�I�V�E�S� 

�T�h�e� �p�r�i�m�a�r�y� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� �(�a�)� �t�o� 

�i�d�e�n�t�i�f�y� �a�n�d� �q�u�a�n�t�i�t�a�t�e� �s�o�m�e� �o�f� �t�h�e�s�e� �a�c�t�i�v�a�t�i�n�g� �a�n�d� 

�i�n�h�i�b�i�t�i�n�g� �f�a�c�t�o�r�s� �i�n� �b�o�v�i�n�e� �m�i�l�k�,� �a�n�d� �(�b�)� �t�o� �s�t�u�d�y� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �v�a�r�i�o�u�s� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �f�i�b�r�i�n�o�l�y�t�i�c� 

�s�y�s�t�e�m� �a�m�o�n�g� �m�i�l�k� �f�r�a�c�t�i�o�n�s�.� 
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�3�.�0� �M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�3�.�1� �M�A�T�E�R�I�A�L�S� 

�B�o�v�i�n�e� �p�l�a�s�m�i�n�o�g�e�n� �(�f�r�e�e� �o�f� �E�A�C�A�)�,� �b�o�v�i�n�e� �p�l�a�s�m�i�n�,� 

�N�-�s�u�c�c�i�n�y�l�-�a�l�a�n�y�l�-�p�h�e�n�y�l�a�l�a�n�y�l�-�l�y�s�y�l�-�7�-�a�m�i�d�o�-�4�-�m�e�t�h�y�l� 

�c�o�u�m�a�r�i�n� �(�C�o�u�m�a�r�i�n� �P�e�p�t�i�d�e�)�,� �7�-�a�m�i�d�o�-�4�-�m�e�t�h�y�l� �c�o�u�m�a�r�i�n�,� 

�g�e�l�a�t�i�n�,� �b�o�v�i�n�e� �s�e�r�u�m� �a�l�b�u�m�i�n� �(�B�S�A�)�,� �s�o�d�i�u�m� �d�o�d�e�c�y�l� �s�u�l�f�a�t�e� 

�(�S�D�S�)�,� �T�w�e�e�n�-�8�0�,� �T�w�e�e�n�-�2�0�,� �a�m�m�o�n�i�u�m� �p�e�r�s�u�l�f�a�t�e�,� �t�r�i�s� 

�(�h�y�d�r�o�x�y�m�e�t�h�y�l�)� �a�m�i�n�o�m�e�t�h�a�n�e� �(�T�r�i�s�)�,� �T�E�M�E�D�,� �d�i�m�e�t�h�y�l� 

�s�u�l�f�o�x�i�d�e� �(�D�M�S�O�)�,� �a�c�r�y�l�a�m�i�d�e�,� �N�-�N ��-�m�e�t�h�y�l�e�n�e�-�b�i�s�-�a�c�r�y�l�a�m�i�d�e�,� 

�S�e�p�h�r�o�s�e� �4�B�,� �S�e�p�h�a�c�r�y�l� �$�2�0�0�,� �a�g�a�r�o�s�e�,� �L�-�l�y�s�i�n�e�,� �s�o�y�b�e�a�n� 

�t�r�y�p�s�i�n� �i�n�h�i�b�i�t�o�r� �(�S�B�T�I�)�,� �a�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e�,� �s�u�b�s�t�r�a�t�e� 

�f�o�r� �a�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e� �(�S�i�g�m�a� �1�0�4�-�1�0�5�)�,� �h�o�r�s�e�r�a�d�i�s�h� 

�p�e�r�o�x�i�d�a�s�e�,� �g�l�u�t�a�r�a�l�d�e�h�y�d�e�,� �a�n�d� �F�r�e�u�n�d ��s� �C�o�m�p�l�e�t�e� �a�n�d� 

�I�n�c�o�m�p�l�e�t�e� �r�e�a�g�e�n�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�,� 

�S�t�.� �L�o�u�i�s�,� �M�o�.� �P�e�r�o�x�i�d�a�s�e� �s�u�b�s�t�r�a�t�e� �(�A�B�T�S�)� �w�a�s� �f�r�o�m� �P�e�r�r�y� 

�L�a�b�.� �I�n�c�e�.�,� �G�a�i�t�h�e�r�s�b�u�r�g�,� �M�d�.� �U�l�t�r�a�p�u�r�e� �S�D�S� �(�S�e�q�u�a�n�a�l� 

�g�r�a�d�e�)�,� �a�n�d� �t�h�e� �B�C�A� �p�r�o�t�e�i�n� �a�s�s�a�y� �r�e�a�g�e�n�t� �w�e�r�e� �f�r�o�m� �P�i�e�r�c�e� 

�C�h�e�m�.� �C�o�.�,� �R�o�c�k�f�o�r�d�,� �I�l�.� �A�n�t�i�h�u�m�a�n� �u�r�o�k�i�n�a�s�e� �(�a�n�t�i� �u�-�P�A�)� 

�w�a�s� �f�r�o�m� �A�l�p�h�a�-�T�h�e�r�a�p�e�u�t�i�c� �C�o�r�p�.�,� �L�o�s� �A�n�g�e�l�e�s�,� �C�a�.� 

�A�n�t�i�h�u�m�a�n� �a�n�t�i�p�l�a�s�m�i�n�,� �a�n�t�i�h�u�m�a�n� �o�,�-�a�n�t�i�p�l�a�s�m�i�n�-�p�l�a�s�m�i�n� 

�-�M�)�,�a�n�d� �h�u�m�a�n� �c�o�m�p�l�e�x�,� �a�n�t�i�h�u�m�a�n� �a�.�-�m�a�c�r�o�g�l�o�b�u�l�i�n� �(�a�n�t�i� �2�  ��2� 
�u�r�o�k�i�n�a�s�e� �(�l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�)� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�C�a�l�b�i�o�c�h�e�m�,� �S�a�n� �D�i�e�g�o�,� �C�a�.� �A�n�t�i�h�u�m�a�n� �t�i�s�s�u�e�-�p�l�a�s�m�i�n�o�g�e�n� 

�a�c�t�i�v�a�t�o�r� �(�a�n�t�i� �t�-�P�A�)� �(�f�r�o�m� �t�h�e� �o�v�a�r�y�)�,� �a�n�t�i�p�o�r�c�i�n�e� �t�-�P�A� 

�(�f�r�o�m� �t�h�e� �h�e�a�r�t�)�,� �C�h�r�o�m�o�z�y�m�e�-�P�l�,� �C�h�r�o�m�o�z�y�m�e�-�U�K� �(�s�u�b�s�t�r�a�t�e�s� 
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�f�o�r� �p�l�a�s�m�i�n� �a�n�d� �u�-�P�A�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�,� �a�n�d� �s�o�l�u�b�l�e� �f�i�b�r�i�n� 

�p�r�o�d�u�c�t�s� �(�S�F�P�)� �w�e�r�e� �f�r�o�m� �A�m�e�r�i�c�a�n� �D�i�a�g�n�o�s�t�i�c�a� �I�n�c�.�,� 

�G�r�e�e�n�w�i�c�h�,� �C�t�.� �N�i�n�e�t�y�-�s�i�x� �w�e�l�l� �E�L�I�S�A� �p�l�a�t�e�s� �w�e�r�e� �f�r�o�m� 

�D�y�n�a�t�e�c�h�,� �A�l�e�x�a�n�d�r�i�a�,� �V�a�.� �P�l�a�t�e�s� �f�o�r� �S�i�n�g�l�e� �i�m�m�u�n�o�d�i�f�f�u�s�i�o�n� 

�w�e�r�e� �f�r�o�m� �M�i�l�e�s� �L�a�b�.� �I�n�c�.� �a�n�d� �f�o�r� �D�o�u�b�l�e� �I�m�m�u�n�o�d�i�f�f�u�s�i�o�n� 

�w�e�r�e� �f�r�o�m� �F�a�l�c�o�n�,� �O�x�n�a�r�d�,� �C�a�.� �A�m�i�c�o�n� �C�o�n�c�e�n�t�r�a�t�o�r�s� �w�e�r�e� 

�f�r�o�m� �G�r�a�c�e� �a�n�d� �C�o�.�,� �D�a�n�v�e�r�s�,� �M�a�.� �L�o�w� �a�n�d� �H�i�g�h� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �m�a�r�k�e�r�s� �w�e�r�e� �f�r�o�m� �P�h�a�r�m�a�c�i�a� �I�n�c�.�,� �P�i�s�c�a�t�a�w�a�y�,� �N�J�.� 

�D�i�a�l�y�s�i�s� �t�u�b�i�n�g� �w�a�s� �f�r�o�m� �S�p�e�c�t�r�u�m� �M�e�d�i�c�a�l� �I�n�d�u�s�t�r�i�e�s�,� �I�n�c�.�,� 

�L�o�s� �A�n�g�e�l�e�s�,� �C�a�.� �S�o�d�i�u�m� �s�u�l�f�a�t�e�,� �s�o�d�i�u�m� �p�h�o�s�p�h�a�t�e� �(�m�o�n�o�-�,� 

�a�n�d� �d�i�-� �b�a�s�i�c�)�,� �t�r�i�s�o�d�i�u�m� �c�i�t�r�a�t�e�,� �c�y�a�n�o�g�e�n� �b�r�o�m�i�d�e�,� �s�o�d�i�u�m� 

�b�i�c�a�r�b�o�n�a�t�e�,� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e�,� �a�n�d� �T�r�i�t�o�n� �x�X�-�1�0�0� 

�(�e�l�e�c�t�r�o�p�h�o�r�e�t�i�c� �g�r�a�d�e�)� �w�e�r�e� �f�r�o�m� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �C�o�.�,� 

�R�a�l�e�i�g�h�,� �N�.�C�.� �A�l�l� �o�t�h�e�r� �c�h�e�m�i�c�a�l�s� �w�e�r�e� �r�e�a�g�e�n�t� �g�r�a�d�e�.� 

�3�.�2� �C�O�L�L�E�C�T�I�O�N� �A�N�D� �T�R�E�A�T�M�E�N�T� �O�F� �M�I�L�K� �S�A�M�P�L�E�S� 

�M�i�l�k� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �c�o�m�p�l�e�t�e� �m�i�l�k�i�n�g� �o�f� �h�e�a�l�t�h�y� �o�r� 

�m�a�s�t�i�t�i�c� �(�c�e�l�l� �c�o�u�n�t�s� �>� �1�0�°�)� �c�o�w�s� �f�r�o�m� �t�h�e� �u�n�i�v�e�r�s�i�t�y� �h�e�r�d�.� 

�A�d�d�i�t�i�o�n�a�l�l�y�,� �p�o�r�c�i�n�e� �m�i�l�k� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �u�n�i�v�e�r�s�i�t�y� 

�s�w�i�n�e� �c�e�n�t�e�r� �a�n�d� �h�u�m�a�n� �m�i�l�k� �f�r�o�m� �a� �l�o�c�a�l� �v�o�l�u�n�t�e�e�r�.� �M�i�l�k� 

�w�a�s� �s�k�i�m�m�e�d� �b�y� �c�e�n�t�r�i�f�u�g�i�n�g� �a�t� �1�0�,�0�0�0�x�g� �f�o�r� �1�5� �m�i�n� �a�n�d� 

�s�o�d�i�u�m� �a�z�i�d�e� �(�0�.�0�2�%� �w�/�v�)� �w�a�s� �a�d�d�e�d� �t�o� �a�l�l� �s�a�m�p�l�e�s�.� �A� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �b�o�v�i�n�e� �s�k�i�m� �m�i�l�k� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �0�.�1�M� 

�t�r�i�s�o�d�i�u�m� �c�i�t�r�a�t�e� �s�o� �a�s� �t�o� �d�i�s�p�e�r�s�e� �t�h�e� �c�a�s�e�i�n� �m�i�c�e�l�l�e�s� �(�C�S�M� 

�f�r�a�c�t�i�o�n�)�.� 
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�3�.�3� �P�R�E�P�A�R�A�T�I�O�N� �O�F� �W�H�O�L�E� �C�A�S�E�I�N� �A�N�D� �W�H�E�Y� � � 

�W�h�o�l�e� �c�a�s�e�i�n� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �b�o�v�i�n�e� �s�k�K�i�m�m�i�l�k� �b�y� 

�i�s�o�e�l�e�c�t�r�i�c� �p�r�e�c�i�p�i�t�a�t�i�o�n� �a�t� �p�H� �4�.�6� �u�s�i�n�g� �1�N� �H�C�l�.� �C�a�s�e�i�n� 

�w�a�s� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �w�h�e�y� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �5�,�0�0�0�x�g� �f�o�r� �1�5� 

�m�i�n� �a�n�d� �t�h�e�n� �f�i�l�t�r�a�t�i�o�n� �t�h�r�o�u�g�h� �c�h�e�e�s�e� �c�l�o�t�h�.� �T�h�e� �v�o�l�u�m�e� �o�f� 

�w�h�e�y� �o�b�t�a�i�n�e�d� �w�a�s� �m�e�a�s�u�r�e�d�.� �C�a�s�e�i�n� �w�a�s� �d�i�s�p�e�r�s�e�d� �i�n� �a�n� 

�e�q�u�i�v�a�l�e�n�t� �a�m�o�u�n�t� �o�f� �w�a�t�e�r� �o�r� �0�.�1�M� �t�r�i�s�o�d�i�u�m� �c�i�t�r�a�t�e� �w�h�i�l�e� 

�t�h�e� �p�H� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �b�e�t�w�e�e�n� �7�.�0� �a�n�d� �7�.�4� �t�o� �d�i�s�s�o�l�v�e� �t�h�e� 

�c�a�s�e�i�n� �(�a�c�i�d� �c�a�s�e�i�n� �f�r�a�c�t�i�o�n�)�.� �T�h�e� �p�H� �o�f� �t�h�e� �a�c�i�d� �w�h�e�y� �w�a�s� 

�a�d�j�u�s�t�e�d� �t�o� �7�.�0� �b�y� �a�d�d�i�t�i�o�n� �o�f� �1�N� �N�a�O�H� �(�a�c�i�d� �w�h�e�y� 

�f�r�a�c�t�i�o�n�)�.� 

�C�a�s�e�i�n� �m�i�c�e�l�l�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �f�r�o�m� �b�o�v�i�n�e� �s�k�i�m� �m�i�l�k� �b�y� 

�u�l�t�r�a�c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �1�0�0�,�0�0�0�x�g� �f�o�r� �6�0� �m�i�n� �a�t� �7�-�1�0�°� �C�.� �T�h�e� 

�v�o�l�u�m�e� �o�f� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �m�e�a�s�u�r�e�d� �a�n�d� �m�i�c�e�l�l�e�s� �w�e�r�e� 

�d�i�s�p�e�r�s�e�d� �i�n� �a�n� �e�q�u�i�v�a�l�e�n�t� �v�o�l�u�m�e� �o�f� �e�i�t�h�e�r� �w�a�t�e�r� �o�r� �0�.�1�M� 

�s�o�d�i�u�m� �c�i�t�r�a�t�e� �w�h�i�l�e� �m�a�i�n�t�a�i�n�i�n�g� �t�h�e� �p�H� �a�t� �~� �7�.�0� �(�c�a�s�e�i�n� 

�m�i�c�e�l�l�e�s�)�.� �T�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �d�i�v�i�d�e�d� �i�n�t�o� �2� �p�o�r�t�i�o�n�s�,� �o�n�e� 

�o�f� �w�h�i�c�h� �(�u�l�t�r�a�c�e�n�t�r�i�f�u�g�e� �s�u�p�e�r�n�a�t�a�n�t�)� �w�a�s� �u�s�e�d� �w�i�t�h�o�u�t� 

�f�u�r�t�h�e�r� �t�r�e�a�t�m�e�n�t�.� �T�h�e� �o�t�h�e�r� �p�o�r�t�i�o�n� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �p�H� �4�.�6� 

�w�i�t�h� �1� �N� �H�C�l� �t�o� �p�r�e�c�i�p�i�t�a�t�e� �n�o�n�-�m�i�c�e�l�l�a�r� �c�a�s�e�i�n�.� �C�a�s�e�i�n� 

�w�a�s� �r�e�m�o�v�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �5�,�0�0�0�x�g� �f�o�r� �1�5� �m�i�n� �a�n�d� �t�h�e� 

�P�H� �o�f� �t�h�e� �c�a�s�e�i�n�-�f�r�e�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �7�.�0� �(�a�c�i�d� 

�s�u�p�e�r�n�a�t�a�n�t�)�.� �S�o�d�i�u�m� �a�z�i�d�e� �(�0�.�0�2�%� �w�/�v�)� �w�a�s� �a�d�d�e�d� �t�o� �a�l�l� 

�s�a�m�p�l�e�s�.� �A�l�i�q�u�o�t�s� �o�f� �a�l�l� �s�a�m�p�l�e�s� �w�e�r�e� �s�t�o�r�e�d� �a�t� �-�2�0�°� �c� 

�u�n�t�i�l� �f�u�r�t�h�e�r� �u�s�e�.� 
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�3�.�4� �B�C�A� �P�R�O�T�E�I�N� �A�S�S�A�Y� 

�T�h�e� �p�r�o�t�e�i�n� �c�o�n�t�e�n�t� �o�f� �s�a�m�p�l�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e� 

�B�C�A� �p�r�o�t�e�i�n� �a�s�s�a�y� �r�e�a�g�e�n�t� �a�n�d� �t�h�e� �c�o�l�o�r�i�m�e�t�r�i�c� �p�r�o�c�e�d�u�r�e� 

�r�e�c�o�m�m�e�n�d�e�d� �b�y� �t�h�e� �s�u�p�p�l�i�e�r� �(�P�i�e�r�c�e� �C�h�e�m�.� �C�o�.�)�.� �B�o�v�i�n�e� 

�s�e�r�u�m� �a�l�b�u�m�i�n� �w�a�s� �u�s�e�d� �a�s� �s�t�a�n�d�a�r�d�.� 

�3�.�5� �P�R�E�P�A�R�A�T�I�O�N� �O�F� �B�O�V�I�N�E� �P�L�A�S�M�A� 

�F�r�e�s�h� �b�o�v�i�n�e� �b�l�o�o�d� �w�a�s� �c�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �u�n�i�v�e�r�s�i�t�y� 

�a�b�a�t�t�o�i�r� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �0�.�4�%� �s�o�d�i�u�m� �c�i�t�r�a�t�e� �a�n�d� �p�l�a�c�e�d� 

�o�n� �i�c�e�.� �T�h�e� �c�o�o�l�e�d� �b�l�o�o�d� �w�a�s� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �5�,�0�0�0�x�g� �f�o�r� �3�0� 

�m�i�n� �a�t� �0� �-� �4�°�C� �a�n�d� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �r�e�c�o�v�e�r�e�d�.� �P�l�a�s�m�a� �w�a�s� 

�r�e�c�o�v�e�r�e�d� �b�y� �c�e�n�t�r�i�f�u�g�i�n�g� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �a�t� �2�7�,�0�0�0�x�g� �f�o�r� 

�6�0� �m�i�n� �a�t� �O� �-� �a�°�c� �a�n�d� �s�t�o�r�e�d� �a�t� �-�2�0�°�C�c� �u�n�t�i�l� �f�u�r�t�h�e�r� �u�s�e�.� 

�3�.�6� �I�S�O�L�A�T�I�O�N� �O�F� �B�O�V�I�N�E� �P�L�A�S�M�I�N�O�G�E�N� 

�B�o�v�i�n�e� �p�l�a�s�m�i�n�o�g�e�n� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� �a�f�f�i�n�i�t�y� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�2�0�0�)�.� �S�e�p�h�a�r�o�s�e� �4�B� �w�a�s� �a�c�t�i�v�a�t�e�d� �w�i�t�h� 

�c�y�a�n�o�g�e�n� �b�r�o�m�i�d�e� �s�o�l�u�t�i�o�n� �(�1�0�%� �w�/�v�)� �w�h�i�l�e� �m�a�i�n�t�a�i�n�i�n�g� �t�h�e� �p�H� 

�a�t� �1�1�.�0�.� �A�1�0�%� �(�w�/�v�)� �l�y�s�i�n�e� �s�o�l�u�t�i�o�n� �i�n� �0�O�.�1�M� �p�h�o�s�p�h�a�t�e� 

�b�u�f�f�e�r�,� �p�H� �9�.�2�,� �w�a�s� �a�d�d�e�d� �a�n�d� �m�i�x�e�d� �o�v�e�r�n�i�g�h�t� �a�t� �4�°� �c�,� 

�A�f�t�e�r� �e�x�t�e�n�s�i�v�e� �w�a�s�h�i�n�g� �w�i�t�h� �0�.�1�M� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�,� �p�H� �8�.�0�,� 

�t�h�e� �a�c�t�i�v�a�t�e�d� �S�e�p�h�a�r�o�s�e� �w�a�s� �p�o�u�r�e�d� �i�n�t�o� �a� �c�o�l�u�m�n� �a�n�d� �5�0�0� �m�l� 

�o�f� �b�o�v�i�n�e� �p�l�a�s�m�a� �w�a�s� �a�d�d�e�d�.� �T�h�e� �c�o�l�u�m�n� �w�a�s �� �s�u�b�s�e�q�u�e�n�t�l�y� 

�w�a�s�h�e�d� �w�i�t�h� �0�.�3�M� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�,� �p�H� �8�.�0�,� �u�n�t�i�l� �A� �w�a�s� 
�2�8�0� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �l�e�s�s� �t�h�a�n� �0�.�0�5�.� �P�l�a�s�m�i�n�o�g�e�n� �w�a�s� �e�l�u�t�e�d� �u�s�i�n�g� 

�a�n� �E�A�C�A� �g�r�a�d�i�e�n�t� �w�i�t�h� �0�.�1�M� �s�o�d�i�u�m� �p�h�o�s�p�h�a�t�e�,� �p�H� �8�.�0�,� �i�n� �t�h�e� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� �3�0



�m�i�x�i�n�g� �c�h�a�m�b�e�r� �a�n�d� �0�.�0�0�1�M� �s�o�d�i�u�m� �p�h�o�s�p�h�a�t�e�,� �p�H� �8�.�0�,� 

�c�o�n�t�a�i�n�i�n�g� �0�.�0�0�5�M� �E�A�C�A�,� �i�n� �t�h�e� �g�r�a�d�i�e�n�t� �c�h�a�m�b�e�r�.� �T�h�e� �A�r�g�o� 

�o�f� �c�o�l�l�e�c�t�e�d� �f�r�a�c�t�i�o�n�s� �w�a�s� �o�b�t�a�i�n�e�d�;� �p�e�a�k�s� �w�e�r�e� �p�o�o�l�e�d� �a�n�d� 

�d�i�a�l�y�z�e�d� �e�x�t�e�n�s�i�v�e�l�y� �(�6�,�0�0�0�-�8�,�0�0�0� �M�W� �c�u�t�-�o�f�f�)� �a�n�d� �t�h�e�n� 

�l�y�o�p�h�i�l�i�z�e�d�.� 

�3�.�7� �I�S�O�L�A�T�I�O�N� �O�F� �B�O�V�I�N�E� �a�.�-�M�A�C�R�O�G�L�O�B�U�L�I�N� �2� 

�A�l�p�h�a�,�-�m�a�c�r�o�g�l�o�b�u�l�i�n� �w�a�s� �p�r�e�p�a�r�e�d� �f�r�o�m� �b�o�v�i�n�e� �p�l�a�s�m�a� �b�y� 

�P�E�G� �p�r�e�c�i�p�i�t�a�t�i�o�n� �p�r�o�c�e�d�u�r�e� �(�2�0�1�)�.� �A�l�l� �p�u�r�i�f�i�c�a�t�i�o�n� �s�t�e�p�s� 

�w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �o�n� �p�l�a�s�t�i�c� �s�u�r�f�a�c�e�s� �a�n�d� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�S�B�T�I�,� �t�o� �a�v�o�i�d� �g�l�a�s�s�-�i�n�d�u�c�e�d� �a�c�t�i�v�a�t�i�o�n� �o�f� �p�l�a�s�m�a� �p�r�o�t�e�a�s�e�s� 

�o�f� �t�h�e� �H�a�g�e�m�a�n�-�d�e�p�e�n�d�e�n�t� �p�a�t�h�w�a�y�s�.� 

�O�n�e� �l�i�t�e�r� �f�r�e�s�h� �b�o�v�i�n�e� �p�l�a�s�m�a� �w�a�s� �m�i�x�e�d� �w�i�t�h� �3�0� �m�l� 

�c�r�u�d�e� �S�B�T�I� �s�o�l�u�t�i�o�n� �(�5�0� �m�g� �c�r�u�d�e� �S�B�T�I� �d�i�s�s�o�l�v�e�d� �i�n� �3�0� �m�l� 

�0�.�0�2� �M� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�,� �p�H� �7�.�4�,� �c�o�n�t�a�i�n�i�n�g� �0�.�1� �M� �N�a�C�l�)� �a�n�d� 

�s�t�o�r�e�d� �a�t� �-�2�0�°�C� �u�n�t�i�l� �f�u�r�t�h�e�r� �u�s�e�.� �C�o�m�p�l�e�x� �f�o�r�m�a�t�i�o�n� �o�f� 

�p�r�o�t�h�r�o�m�b�i�n� �w�i�t�h� �a�.�-�M� �w�a�s� �p�r�e�v�e�n�t�e�d� �b�y� �b�a�r�i�u�m� �s�a�l�t� 
�2� 

�a�d�s�o�r�p�t�i�o�n� �o�f� �b�l�o�o�d� �c�o�a�g�u�l�a�t�i�o�n� �f�a�c�t�o�r�s� �I�I�,� �V�I�I�,� �I�X�,� �a�n�d� �X�.� 

�B�a�r�i�u�m� �c�h�l�o�r�i�d�e� �(�0�.�1� �M�)� �w�a�s� �a�d�d�e�d� �t�o� �5�0�0� �m�l� �o�f� �t�h�a�w�e�d� �p�l�a�s�m�a� 

�a�n�d� �m�i�x�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �1�0� �m�i�n�.� �T�h�e� �p�r�e�c�i�p�i�t�a�t�e� 

�w�a�s� �r�e�m�o�v�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �2�0�0�0� �r�p�m� �f�o�r� �1�5� �m�i�n� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e�.� �B�a�r�i�u�m� �s�u�l�f�a�t�e� �(�5�0� �m�g�/�m�l� �p�l�a�s�m�a�)� �w�a�s� �a�d�d�e�d� �t�o� 

�t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �a�n�d� �m�i�x�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �1�0� �m�i�n�.� 

�T�h�e� �p�r�e�c�i�p�i�t�a�t�e� �w�a�s� �r�e�m�o�v�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �2�,�0�0�0� �r�p�m� 

�f�o�r� �1�5� �m�i�n� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �b�a�r�i�u�m� �s�u�l�f�a�t�e� 

�a�d�s�o�r�p�t�i�o�n� �w�a�s� �r�e�p�e�a�t�e�d� �a� �s�e�c�o�n�d� �t�i�m�e�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� �3�1



�p�l�a�s�m�a� �f�i�b�r�i�n�o�g�e�n� �w�a�s� �r�e�m�o�v�e�d� �b�y� �a�d�d�i�t�i�o�n� �o�f� �2� �v�o�l�u�m�e�s� �o�f� 

�p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r� �(�0�.�0�2� �M�,� �p�H� �7�.�4�,� �0�.�1� �M� �N�a�C�l�)� �t�o� �t�h�e� 

�s�u�p�e�r�n�a�t�a�n�t� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �P�E�G� �t�o� �a� �f�i�n�a�l� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �4�%� �a�n�d� �m�i�x�i�n�g� �f�o�r� �3�0� �m�i�n� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �p�r�e�c�i�p�i�t�a�t�e� �w�a�s� �r�e�m�o�v�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� 

�a�t� �9�,�0�0�0� �r�p�m� �f�o�r� �3�0� �m�i�n� �a�t� �4�°�c�,� �T�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� 

�r�e�c�o�v�e�r�e�d� �a�n�d� �t�r�e�a�t�e�d� �w�i�t�h� �P�E�G� �(�5�0�%�)� �t�o� �a� �f�i�n�a�l� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1�2�%� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �1�8� �h� �a�t� �4�°�c�.� �C�r�u�d�e� 

�a�5�-�M� �w�a�s� �r�e�c�o�v�e�r�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �9�,�0�0�0� �r�p�m� �f�o�r� �3�0� �m�i�n� 

�4�°�c�,� 

�C�r�u�d�e� �a�5�-�M� �w�a�s� �f�u�r�t�h�e�r� �p�u�r�i�f�i�e�d� �b�y� �d�i�s�s�o�l�v�i�n�g� �t�h�e� �4�-�1�2�%� 

�P�E�G� �p�r�e�c�i�p�i�t�a�t�e� �i�n� �9�0� �m�l� �K�B�r� �(�1�0� �g� �K�B�r� �i�n� �1�0�0� �m�l� �2�5� �m�M� 

�T�r�i�s�-�H�C�l�,� �p�H� �8�.�0�,� �c�o�n�t�a�i�n�i�n�g� �2�5� �m�g� �c�r�u�d�e� �S�B�T�I�)�s�o�l�u�t�i�o�n�.� 

�I�n�s�o�l�u�b�l�e� �m�a�t�e�r�i�a�l� �w�a�s� �r�e�m�o�v�e�d� �b�y� �c�e�n�t�r�i�f�u�g�i�n�g� �a�t� �9�,�0�0�0� �r�p�m� 

�f�o�r� �3�0� �m�i�n� �a�t� �4�°�C�.� �T�h�e� �l�o�w� �d�e�n�s�i�t�y� �l�i�p�o�p�r�o�t�e�i�n� �f�r�a�c�t�i�o�n� �i�n� 

�t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �r�e�m�o�v�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�t� �4�0�,�0�0�0� �r�p�m� 

�f�o�r� �2�0� �h� �a�t� �5�°� �(�B�e�c�k�m�a�n�,� �5�0� �i� �r�o�t�o�r�)�.� �T�h�e� �p�e�l�l�e�t� �w�a�s� 

�r�e�s�u�s�p�e�n�d�e�d� �i�n� �2� �v�o�l�u�m�e�s� �5�0� �m�M� �T�r�i�s�-�H�C�l�,� �p�H� �8�.�0�,� �a�n�d� �a�p�p�l�i�e�d� 

�t�o� �D�E�A�E�-�C�e�l�l�u�l�o�s�e� �(�D�E� �5�2�)� �c�o�l�u�m�n�s�.� �P�u�r�e� �a�,�-�M� �w�a�s� �e�l�u�t�e�d� 

�u�s�i�n�g� �a�n� �N�a�C�l� �g�r�a�d�i�e�n�t� �w�i�t�h� �5�0� �m�M� �T�r�i�s�-�H�C�l�,� �p�H� �8�.�0�,�2�0� �m�M� 

�N�a�C�l� �i�n� �t�h�e� �m�i�x�i�n�g� �c�h�a�m�b�e�r� �a�n�d� �5�0� �m�M� �T�r�i�s�-�H�C�l�,� �p�H� �8�.�0�,� �0�.�4� �M� 

�N�a�C�l� �i�n� �t�h�e� �g�r�a�d�i�e�n�t� �c�h�a�m�b�e�r�.� �P�u�r�i�t�y� �a�n�d� �i�d�e�n�t�i�t�y� �o�f� �-�M�  ��2� 
�w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�n�d� �D�I�D� �a�s�s�a�y�s�.� 

�S�t�o�c�k� �a�5�-�M� �s�o�l�u�t�i�o�n� �f�o�r� �E�L�I�S�A� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� 

�d�i�s�p�e�r�s�i�n�g� �5�0� �m�g� �a�.�-�M� �i�n� �1�0� �m�l� �P�B�S�/�T� �(�0�.�2� �g� �K�H�.�P�O� �O�.�2� �9�g� 
�2� �2�°� �4�?� 

�N�a�C�l�,� �a�n�d� �0�.�5� �m�l� �T�w�e�e�n�-�2�0�,� �i�n� �a� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �1� �L�,� �p�H� �7�.�4�)� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� �.� �3�2



�c�o�n�t�a�i�n�i�n�g� �1�0�%� �(�w�/�v�)� �N�a�N�,� �a�t� �0�-�4� �C�c�.� �T�h�e� �a�5�-�M� �s�o�l�u�t�i�o�n� �w�a�s� 

�t�h�e�n� �f�i�l�t�e�r�e�d� �a�n�d� �d�i�a�l�y�z�e�d� �a�g�a�i�n�s�t� �P�B�S�/�T� �o�v�e�r�n�i�g�h�t� �u�n�d�e�r� 

�r�e�f�r�i�g�e�r�a�t�o�r� �c�o�n�d�i�t�i�o�n�s�.� 

�3�.�8� �P�R�E�P�A�R�A�T�I�O�N� �O�F� �A�N�T�I�B�O�V�I�N�E� �-�~�-�M�A�C�R�O�G�L�O�B�U�L�I�N� 
 ��2� 

�R�a�b�b�i�t�s� �w�e�r�e� �i�m�m�u�n�i�z�e�d� �s�u�b�c�u�t�a�n�e�o�u�s�l�y� �w�i�t�h� �2�0�0� �u�g� �o�f� 

�p�u�r�i�f�i�e�d� �b�o�v�i�n�e� �a�,�-�M� �d�i�s�s�o�l�v�e�d� �i�n� �0�.�2�5� �m�l� �s�t�e�r�i�l�e� �s�a�l�i�n�e� �a�n�d� �2� 

�0�.�2�5� �m�l� �c�o�m�p�l�e�t�e� �F�r�e�u�n�d ��s� �a�d�j�u�v�a�n�t�.� �T�h�e� �r�a�b�b�i�t�s� �w�e�r�e� �g�i�v�e�n� 

�a� �b�o�o�s�t�e�r� �w�i�t�h� �2�0�0� �w�g� �o�f� �p�u�r�i�f�i�e�d� �a�n�t�i�g�e�n� �i�n� �i�n�c�o�m�p�l�e�t�e� 

�F�r�e�u�n�d ��s� �a�d�j�u�v�a�n�t� �t�h�r�e�e� �w�e�e�k�s� �l�a�t�e�r�.� �B�l�o�o�d� �w�a�s� �c�o�l�l�e�c�t�e�d� 

�f�r�o�m� �t�h�e� �e�a�r� �1�4� �d�a�y�s� �a�f�t�e�r� �t�h�e� �b�o�o�s�t�e�r� �s�h�o�t� �a�n�d� �w�a�s� �c�h�e�c�k�e�d� 

�f�o�r� �s�u�f�f�i�c�i�e�n�t� �t�i�t�e�r� �b�y� �d�o�u�b�l�e�i�m�m�u�n�o�d�i�f�f�u�s�i�o�n� �a�s�s�a�y�.� 

�R�a�b�b�i�t�s� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d� �e�v�e�r�y� �4� �w�e�e�k�s� �w�i�t�h� �1�0�0� �u�g� �a�n�t�i�g�e�n� �i�n� 

�i�n�c�o�m�p�l�e�t�e� �a�d�j�u�v�a�n�t� �u�n�t�i�l� �s�u�f�f�i�c�i�e�n�t� �t�i�t�e�r� �w�a�s� �o�b�t�a�i�n�e�d�.� 

�R�a�b�b�i�t�s� �w�e�r�e� �e�x�s�a�n�g�u�i�n�a�t�e�d� �a�n�d� �b�l�o�o�d� �w�a�s� �a�l�l�o�w�e�d� �t�o� �c�l�o�t� �a�t� 

�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �1�h� �a�n�d� �w�a�s� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�,�0�0�0�x�g� �f�o�r� 

�1�0� �m�i�n�.� �S�u�p�e�r�n�a�t�a�n�t� �(�a�n�t�i�s�e�r�a�)� �w�a�s� �a�l�i�q�u�o�t�e�d� �a�n�d� �s�t�o�r�e�d� �a�t� 

�-�2�0�°� �C� �u�n�t�i�l� �f�u�r�t�h�e�r� �u�s�e�.� 

�3�.�9� �P�R�E�P�A�R�A�T�I�O�N� �O�F� �I�M�M�U�N�O�G�L�O�B�U�L�I�N�S� 

�T�h�e� �I�g�G� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �a�n�t�i�s�e�r�u�m� �w�a�s� �p�r�e�c�i�p�i�t�a�t�e�d� �b�y� 

�a�d�d�i�n�g� �1�0� �m�l� �o�f� �3�6�%� �s�o�d�i�u�m� �s�u�l�f�a�t�e� �t�o� �a� �m�i�x�t�u�r�e� �o�f� �5� �m�l� 

�a�n�t�i�s�e�r�u�m� �a�n�d� �5� �m�l� �P�B�S� �(�0�.�0�0�5� �M� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�,� �p�H� �7�.�4�,� 

�0�.�1�5� �M� �N�a�C�l�)�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �m�i�x�e�d� �f�o�r� �3�0� �m�i�n� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �w�a�s� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �3�,�0�0�0�x�g� �f�o�r� �1�0� �m�i�n�.� �T�h�e� 

�p�r�e�c�i�p�i�t�a�t�e� �w�a�s� �w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �1�8�%� �s�o�d�i�u�m� �s�u�l�f�a�t�e�,� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� �3�3



�d�i�s�s�o�l�v�e�d� �i�n� �5� �m�l� �P�B�S�,� �a�n�d� �d�i�a�l�y�z�e�d� �e�x�t�e�n�s�i�v�e�l�y� �(�6�,�0�0�0�-�8�,� �0�0�0� 

�M�W� �c�u�t�-�o�f�f�)� �a�g�a�i�n�s�t� �P�B�S� �a�t� �0�-�4�°� �C�c�.� �T�h�e� �p�r�o�t�e�i�n� �c�o�n�t�e�n�t� �o�f� 

�t�h�e� �I�g�G� �f�r�a�c�t�i�o�n� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �B�C�A� �a�s�s�a�y�.� 

�3�.�1�0� �P�R�E�P�A�R�A�T�I�O�N� �O�F� �C�O�N�J�U�G�A�T�E�S� 

�3�.�1�0�.�1� �A�l�k�a�l�i�n�e� �P�h�o�s�p�h�a�t�a�s�e� �C�o�n�j�u�g�a�t�e�s� 

�R�a�b�b�i�t� �I�g�G�-�a�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e� �c�o�n�j�u�g�a�t�e�s� �w�e�r�e� 

�p�r�e�p�a�r�e�d� �b�y� �t�h�e� �m�e�t�h�o�d� �d�e�s�c�r�i�b�e�d� �b�y� �V�o�l�l�e�r� �e�t� �a�l� �(�2�0�5�)�.� �A�n� 

�a�l�i�q�u�o�t� �(�~� �2�.�5� �m�g�)� �o�f� �a�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e� �w�a�s� �c�e�n�t�r�i�f�u�g�e�d� 

�a�t� �3�,�0�0�0�x�g� �f�o�r� �1�0� �m�i�n� �a�t� �0�-�4�°�C�.� �T�h�e� �p�e�l�l�e�t� �w�a�s� �m�i�x�e�d� �w�i�t�h� �3� 

�m�g� �o�f� �r�a�b�b�i�t� �a�n�t�i� �b�o�v�i�n�e� �a�5�-�M� �I�g�G� �i�n� �1� �m�l� �P�B�S� �a�n�d� �d�i�a�l�y�z�e�d� 

�e�x�t�e�n�s�i�v�e�l�y� �(�6�,�0�0�0�-�8�,�0�0�0� �M�W� �c�u�t�-�o�f�f�)� �a�g�a�i�n�s�t� �P�B�S� �a�t� �0�-�4�°�C�,� 

�G�l�u�t�a�r�a�l�d�e�h�y�d�e� �(�0�.�2�%� �v�/�v�)� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �I�g�G�-�e�n�z�y�m�e� 

�s�o�l�u�t�i�o�n� �a�n�d� �w�a�s� �m�i�x�e�d� �g�e�n�t�l�y� �f�o�r� �2�h� �a�t� �r�o�o�m� �t�e�m�p�.� �T�h�e� 

�c�o�n�j�u�g�a�t�e� �w�a�s� �t�h�e�n� �e�x�t�e�n�s�i�v�e�l�y� �d�i�a�l�y�z�e�d� �a�t� �0�-�4� �C�,� �i�n�i�t�i�a�l�l�l�y� 

�a�g�a�i�n�s�t� �s�e�v�e�r�a�l� �c�h�a�n�g�e�s� �o�f� �P�B�S� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �a�g�a�i�n�s�t� 

�s�e�v�e�r�a�l� �c�h�a�n�g�e�s� �o�f� �0�.�0�5� �M� �T�i�s�-�H�C�l�,� �p�H� �8�.�0�.� �A�f�t�e�r� �d�i�a�l�y�s�i�s�,� 

�t�h�e� �c�o�n�j�u�g�a�t�e� �w�a�s� �p�l�a�c�e�d� �o�n� �a� �c�o�l�u�m�n� �o�f� �S�e�p�h�a�c�r�y�l� �S�2�0�0� �a�n�d� 

�e�l�u�t�e�d� �w�i�t�h� �0�.�0�5� �M� �T�r�i�s�-�H�C�l�,� �p�H� �8�.�0�.� �T�h�e� �p�e�a�k�s� �w�e�r�e� �p�o�o�l�e�d� 

�a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �t�o� �4� �m�l� �u�s�i�n�g� �A�m�i�c�o�n� �C�o�n�c�e�n�t�r�a�t�o�r�s�.� �T�o� 

�t�h�i�s� �c�o�n�c�e�n�t�r�a�t�e�d� �s�o�l�u�t�i�o�n� �1�%� �(�w�/�v�)� �B�S�A� �w�a�s� �a�d�d�e�d� �a�n�d� �t�h�e�n� 

�s�u�b�j�e�c�t�e�d� �t�o� �d�i�a�l�y�s�i�s� �a�g�a�i�n�s�t� �s�e�v�e�r�a�l� �c�h�a�n�g�e�s� �o�f� �0�O�.�0�5�M� 

�T�r�i�s�-�H�C�l�,� �p�H� �8�.�0�.� �T�h�e� �c�o�n�j�u�g�a�t�e� �w�a�s� �s�t�o�r�e�d� �a�t� �0�-�4�°� �¢� �u�n�t�i�l� 

�f�u�r�t�h�e�r� �u�s�e� �(�1�9�7�)�.� 
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�3�.�1�0�.�2� �H�o�r�s�e�r�a�d�i�s�h� �P�e�r�o�x�i�d�a�s�e� �C�o�n�j�u�g�a�t�e�s� 

�R�a�b�i�t� �I�g�G�-�h�o�r�s�e�r�a�d�i�s�h� �p�e�r�o�x�i�d�a�s�e� �c�o�n�j�u�g�a�t�e�s� �w�e�r�e� 

�p�r�e�p�a�r�e�d� �b�y� �m�i�x�i�n�g� �5� �m�g� �o�f� �a�n�t�i�b�o�v�i�n�e� �a�,�-�M� �I�g�G� �i�n� �1� �m�l� �P�B�S� �2� 

�w�i�t�h� �1�2� �m�g� �o�f� �t�h�e� �e�n�z�y�m�e�.� �A� �1�%� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �(�0�.�0�5� �m�l�)� 

�o�f� �g�l�u�t�e�r�a�l�d�e�h�y�d�e� �w�a�s� �t�h�e�n� �a�d�d�e�d� �a�n�d� �m�i�x�e�d� �w�i�t�h� �g�e�n�t�l�e� 

�s�t�i�r�r�i�n�g� �f�o�r� �2� �h� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �c�o�n�j�u�g�a�t�e� �w�a�s� 

�t�h�e�n� �d�i�a�l�y�z�e�d�,� �p�u�r�i�f�i�e�d�,� �c�o�n�c�e�n�t�r�a�t�e�d�,� �a�n�d� �s�t�o�r�e�d� �a�s� 

�d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�o�c�e�d�u�r�e� �f�o�r� �p�r�e�p�a�r�i�n�g� �t�h�e� �p�h�o�s�p�h�a�t�a�s�e� 

�c�o�n�j�u�g�a�t�e�.� 

�3�.�1�1� �F�L�U�O�R�O�M�E�T�R�I�C� �A�S�S�A�Y� �F�O�R� �P�L�A�S�M�I�N�O�G�E�N� �A�N�D� �P�L�A�S�M�I�N� 

�P�l�a�s�m�i�n� �a�c�t�i�v�i�t�y� �i�n� �v�a�r�i�o�u�s� �m�i�l�k� �f�r�a�c�t�i�o�n�s� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �f�l�u�o�r�o�m�e�t�r�i�c� �a�s�s�a�y� �u�s�i�n�g� �C�o�u�m�a�r�i�n� �P�e�p�t�i�d�e� �a�s� 

�s�u�b�s�t�r�a�t�e� �a�n�d� �7�-�a�m�i�n�o� �m�e�t�h�y�l� �c�o�u�m�a�r�i�n� �a�s� �s�t�a�n�d�a�r�d� �(�1�4�3�,�1�9�9�)�.� 

�T�h�e� �c�o�m�b�i�n�e�d� �a�m�i�d�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�n�d� �p�l�a�s�m�i�n� 

�w�a�s� �d�e�t�e�r�m�i�n�e�d� �a�f�t�e�r� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �u�r�o�k�i�n�a�s�e� �(�2�4� �I�U�/�0�O�.�1� �m�l�)� 

�a�t� �3�7�°� �c� �f�o�r� �1�5� �m�i�n�.� �A�m�i�d�o�l�y�s�i�s�,� �m�e�d�i�a�t�e�d� �b�y� �n�o�n�-�p�l�a�s�m�i�n� 

�l�i�k�e� �e�n�z�y�m�e�s�,� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �A�p�r�o�t�i�n�i�n� 

�(�2�.�8� �T�I�U�/�O�.�1�m�l�)�.� �S�a�m�p�l�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �s�u�b�s�t�r�a�t�e� �f�o�r� 

�3�0� �m�i�n� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �s�t�o�p�p�e�d� �b�y� 

�t�r�e�a�t�m�e�n�t� �w�i�t�h� �a�p�r�o�t�i�n�i�n� �(�2�.�8� �T�I�U�/�m�l� �i�n�c�u�b�a�t�i�o�n� �m�i�x�t�u�r�e�)�.� 

�D�i�f�f�e�r�e�n�c�e� �i�n� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�i�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�a�m�p�l�e�s� 

�a�n�d� �b�l�a�n�k�s� �(�n�o�t� �t�r�e�a�t�e�d� �w�i�t�h� �s�u�b�s�t�r�a�t�e�)� �w�e�r�e� �o�b�t�a�i�n�e�d� �a�t� 

�e�x�c�i�t�a�t�i�o�n� �a�n�d� �e�m�i�s�s�i�o�n� �w�a�v�e�l�e�n�g�t�h�s� �o�f� �3�8�0� �a�n�d� �4�6�0� �n�n�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �u�s�i�n�g� �a�n� �A�m�i�n�c�o�-�B�o�w�m�a�n� 

�S�p�e�c�t�r�o�p�h�o�t�o�f�l�u�o�r�o�m�e�t�e�r�.� �W�h�e�y� �s�a�m�p�l�e�s� �w�e�r�e� �d�i�a�l�y�z�e�d� 
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�o�v�e�r�n�i�g�h�t� �(�6�,�0�0�0�-�8�,�0�0�0� �c�u�t�-�o�f�f�)� �a�t� �0�-�4�°�C� �a�g�a�i�n�s�t� �0�O�.�0�5�M� 

�s�o�d�i�u�m� �c�i�t�r�a�t�e� �t�o� �r�e�m�o�v�e� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �c�o�m�p�o�n�e�n�t�s� 

�w�h�i�c�h� �m�i�g�h�t� �c�o�n�t�r�i�b�u�t�e� �t�o� �f�l�u�o�r�e�s�c�e�n�c�e�.� 

�3�.�1�2� �I�M�M�U�N�O�A�S�S�A�Y�S� �F�O�R� �I�N�H�I�B�I�T�O�R�S� 

�3�.�1�2�.�1� �I�m�m�u�n�o�d�i�f�f�u�s�i�o�n�a�s�s�a�y�s� 

�D�o�u�b�l�e� �i�m�m�u�n�o�d�i�f�f�u�s�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �(�2�0�5�)� �u�s�i�n�g� 

�-�M�,� �a�n�t�i�b�o�v�i�n�e� �«�,�-�M�,� �a�n�t�i�h�u�m�a�n� �2� �2� 

�a�l�p�h�a�,�-�a�n�t�i�p�l�a�s�m�i�n�,� �o�r� �a�n�t�i�h�u�m�a�n� �a�l�p�h�a� 

�a�n�t�i�h�u�m�a�n� �a� 

�2�7�a�n�t�i�p�l�a�s�m�i�n�-�p�l�a�s�m�i�n� 

�c�o�m�p�l�e�x� �a�t� �v�a�r�i�o�u�s� �d�i�l�u�t�i�o�n�s� �r�a�n�g�i�n�g� �f�r�o�m� �u�n�d�i�l�u�t�e�d� �t�o� 

�1�:�5�1�2�0�.� �V�a�r�i�o�u�s� �s�k�i�m�m�i�l�k� �(�b�o�v�i�n�e� �o�r� �h�u�m�a�n�)� �d�i�l�u�t�i�o�n�s� 

�(�u�n�d�i�l�u�t�e�d� �t�o� �1�:�1�0�2�4�)� �w�e�r�e� �a�l�s�o� �u�s�e�d�.� �T�h�e� �c�e�n�t�e�r� �w�e�l�l� 

�c�o�n�t�a�i�n�e�d� �e�i�t�h�e�r� �t�h�e� �a�n�t�i�s�e�r�u�m� �o�r� �t�h�e� �s�a�m�p�l�e�.� �I�f� �n�o� 

�p�r�e�c�i�p�i�t�i�n� �l�i�n�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �a�f�t�e�r� �i�n�c�u�b�a�t�i�o�n� �a�t� �3�7�°�C� �f�o�r� 

�2� �d�a�y�s�,� �o�n�e� �s�e�t� �o�f� �p�l�a�t�e�s� �w�a�s� �s�t�a�i�n�e�d� �w�i�t�h� �C�o�o�m�a�s�i�e� �B�l�u�e� 

�(�0�.�5� �%� �w�/�v� �s�o�l�u�t�i�o�n� �i�n� �2�5� �%� �i�s�o�p�r�o�p�a�n�o�l�,� �1�0� �%� �a�c�e�t�i�c� �a�c�i�d�)�.� 

�T�h�e� �o�t�h�e�r� �s�e�t� �w�a�s� �i�n�c�u�b�a�t�e�d� �f�o�r� �5� �m�o�r�e� �d�a�y�s� �a�n�d� �o�b�s�e�r�v�e�d� �f�o�r� 

�p�r�e�c�i�p�i�t�i�n� �l�i�n�e� �f�o�r�m�a�t�i�o�n�.� �A�v�a�i�l�a�b�i�l�i�t�y� �o�f� �p�u�r�i�f�i�e�d� �b�o�v�i�n�e� 

�a�-�M�,� �a�n�d� �h�u�m�a�n� �a�5�-�M� �a�l�l�o�w�e�d� �c�o�n�t�r�o�l�s� �t�o� �b�e� �r�u�n� �w�i�t�h� 

�a�p�p�r�o�p�r�i�a�t�e� �a�n�t�i�s�e�r�a�.� 

�S�i�n�g�l�e� �r�a�d�i�a�l� �i�m�m�u�n�o�d�i�f�f�u�s�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �(�2�0�2�)� 

�i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�n�t�i�s�e�r�a� �a�n�t�i�b�o�v�i�n�e� �a�,�-�M�,� 

�a�n�t�i�h�u�m�a�n� �a�5�-�M� �a�n�t�i�a�,�-�a�n�t�i�p�l�a�s�m�i�n�,� �o�r� 

�a�n�t�i�a�,�-�a�n�t�i�p�l�a�s�m�i�n�-�p�l�a�s�m�i�n� �c�o�m�p�l�e�x�.� �V�a�r�i�o�u�s� �s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� 

�o�f� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �s�k�i�m�m�i�l�k� �(�b�o�v�i�n�e�,� �o�r� �h�u�m�a�n�)� �w�e�r�e� �u�s�e�d�.� 
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�P�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �f�o�r� �1�8�-�2�4� �h� �a�n�d� �t�h�e� �d�i�a�m�e�t�e�r� 

�o�f� �t�h�e� �r�i�n�g�s� �w�e�r�e� �n�o�t�e�d�.� �D�u�p�l�i�c�a�t�e� �p�l�a�t�e�s� �w�e�r�e� �s�t�a�i�n�e�d� �w�i�t�h� 

�C�o�o�m�a�s�i�e� �B�l�u�e� �a�f�t�e�r� �2�4� �h� �o�f� �i�n�c�u�b�a�t�i�o�n�.� 

�3�.�1�2�.�2� �E�n�z�y�m�e�-�L�i�n�k�e�d� �I�m�m�u�n�o�s�o�r�b�e�n�t� �A�s�s�a�y� �(�E�L�I�S�A�)� 

�A� �s�e�q�u�e�n�t�i�a�l�,� �h�e�t�e�r�o�g�e�n�e�o�u�s� �i�m�m�u�n�o�a�s�s�a�y� �(�E�L�I�S�A�)� �w�a�s� 

�u�s�e�d� �t�o� �q�u�a�n�t�i�t�a�t�e� �l�e�v�e�l�s� �o�f� �a�,�-�M� �i�n� �b�o�v�i�n�e� �m�i�l�k�.� �T�h�e� 
�2� 

�s�a�n�d�w�i�c�h� �w�a�s� �f�o�r�m�e�d� �b�y� �c�o�a�t�i�n�g� �t�h�e� �w�e�l�l�s� �o�f� �a� �9�6�-�w�e�l�l� 

�m�i�c�r�o�t�i�t�e�r� �p�l�a�t�e� �w�i�t�h� �e�x�c�e�s�s� �a�n�t�i�b�o�v�i�n�e� �a�,�-�M� �I�g�G�,� �f�o�l�l�o�w�e�d� 
�2� 

�b�y� �s�e�q�u�e�n�t�i�a�l� �t�r�e�a�t�m�e�n�t�s� �w�i�t�h� �s�a�m�p�l�e� �(�o�r� �s�t�a�n�d�a�r�d�)�,� 

�c�o�n�j�u�g�a�t�e�,� �a�n�d� �s�u�b�s�t�r�a�t�e�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e�s�e� 

�c�o�m�p�o�n�e�n�t�s� �c�o�m�p�r�i�s�i�n�g� �t�h�e� �s�a�n�d�w�i�c�h�,� �a�s� �w�e�l�l� �a�s� �_� �t�h�e� 

�i�n�c�u�b�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�,� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �t�o� �g�i�v�e� �o�p�t�i�m�u�m� 

�r�e�s�u�l�t�s� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �s�l�o�p�e�,� �l�i�n�e�a�r�i�t�y�,� �a�n�d� �c�o�r�r�e�l�a�t�i�o�n� 

�c�o�e�f�f�i�c�i�e�n�t�.� 

�A�n�t�i� �a�.�-�M� �I�g�G� �w�a�s� �p�r�e�p�a�r�e�d� �f�r�o�m� �t�h�e� �a�n�t�i�s�e�r�a� �o�f� �t�w�o� �2� 

�r�a�b�b�i�t�s� �a�n�d� �c�o�n�t�a�i�n�e�d� �1�4�.�6�5� �m�g�/�m�l� �a�n�d� �1�7�.�0�0� �m�g�/�m�l� �p�r�o�t�e�i�n�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �W�e�l�l�s� �w�e�r�e� �c�o�a�t�e�d� �u�s�i�n�g� �1�0�0� �u�l� �o�f� �I�g�G� �f�r�o�m� 

�e�i�t�h�e�r� �a�n�t�i�s�e�r�a� �a�t� �a� �d�i�l�u�t�i�o�n� �o�f� �1�:�4�0�0� �(�i�n� �c�o�a�t�i�n�g� �b�u�f�f�e�r�;� �a� 

�c�a�r�b�o�n�a�t�e� �b�u�f�f�e�r� �p�r�e�p�a�r�e�d� �b�y� �m�i�x�i�n�g� �5�.�1� �m�l�1�M� �N�a�H�C�o�,�.� �1�.�6� 

�m�l� �1�M� �N�a�.�c�o� �a�n�d� �0�.�2� �m�l� �1�0� �%� �N�a�N� �i�n� �a� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �2�-�3 �� �3�°� 

�1�0�0� �m�l�,� �p�H� �9�.�6�,� �a�n�d� �s�t�o�r�e�d� �a�t� �0�-�4� �C�)�.� �P�l�a�t�e�s� �w�e�r�e� 

�i�n�c�u�b�a�t�e�d� �a�t� �0�-�4�°�C� �f�o�r� �1�6�-�1�8� �h� �o�r� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� 

�3�-�4� �h�.� �W�e�l�l�s� �w�e�r�e� �w�a�s�h�e�d� �w�i�t�h� �c�o�a�t�i�n�g� �b�u�f�f�e�r� �(�3�x�2� �m�i�n�)� �a�n�d� 

�s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �(�o�f� �a� �1�:�1�0�0�0� �d�i�l�u�t�i�o�n�)� �o�f� �s�k�i�m�m�i�l�k� �(�1�0�0� �k�1�1�)� 

�w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �w�e�l�l�s�.� �P�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �r�o�o�m� �t�e�m�p� 
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�f�o�r� �3�0� �m�i�n�.� �W�e�l�l�s� �w�e�r�e� �a�g�a�i�n� �w�a�s�h�e�d� �w�i�t�h� �P�B�S�/�T� �(�3�x�2� �m�i�n�)�.� 

�A� �1�:�5�0� �d�i�l�u�t�i�o�n� �o�f� �a�5�-�M�-�a�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e� �c�o�n�j�u�g�a�t�e� �(�1�0�0� 

�u�l�)� �i�n� �P�B�S�/�T� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �w�e�l�l�s�.� �P�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� 

�a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �3�0� �m�i�n�.� �W�e�l�l�s� �w�e�r�e� �a�g�a�i�n� �w�a�s�h�e�d� 

�w�i�t�h� �P�B�S�/�T� �(�3�x�2� �m�i�n�)�.� �D�i�s�o�d�i�u�m� �n�i�t�r�o�p�h�e�n�y�l� �p�h�o�s�p�h�a�t�e� �(�5� 

�m�g�/�m�l� �o�f� �d�i�e�h�t�a�n�o�l�a�m�i�n�e� �b�u�f�f�e�r�;� �t�h�e� �b�u�f�f�e�r� �c�o�n�t�a�i�n�e�d� �9�7� �m�l� 

�3�°� �1�0�0� �m�g� �M�g�C�l�.� �.�6�H�.�,�0�,� �P�H� �9�.�8�,� 

�s�t�o�r�e�d� �i�n� �d�a�r�k� �a�t� �0�-�4� �C�)� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �w�e�l�l�s� �(�1�0�0� �u�l�)� �a�n�d� 

�d�i�e�t�h�a�n�a�n�o�l�a�m�i�n�e�,� �0�.�2� �g� �N�a�N� 

�t�h�e� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �6�0� �m�i�n� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� 

�R�e�a�c�t�i�o�n�s� �w�e�r�e� �s�t�o�p�p�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �3�N� �N�a�O�H� �(�1�0�0� �x�l�)� 

�a�n�d� �t�h�e� �o�p�t�i�c�a�l� �d�e�n�s�i�t�y� �w�a�s� �m�e�a�s�u�r�e�d� �a�t� �4�0�5� �n�m� �u�s�i�n�g� �a� 

�T�i�t�e�r�t�e�k� �m�u�l�t�i�s�c�a�n�n�e�r�.� 

�S�t�a�n�d�a�r�d� �c�u�r�v�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �a�d�d�i�n�g� �s�e�r�i�a�l� 

�d�i�l�u�t�i�o�n�s� �(�o�f� �a� �1� �u�g�/�m�l� �s�o�l�u�t�i�o�n� �i�n� �P�B�S�/�T�)� �o�f� �a�,�-�M� �(�1�0�0� �L�l�)� 
�2� 

�t�o� �t�h�e� �w�e�l�l�s� �i�n�s�t�e�a�d� �o�f� �s�k�i�m�m�i�l�k� �s�a�m�p�l�e�s�.� 

�S�i�m�i�l�a�r� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �a�l�s�o� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�,�-�M� �b�e�t�w�e�e�n� �a�c�i�d� �c�a�s�e�i�n� �a�n�d� �a�c�i�d� �w�h�e�y� �2� 

�f�r�a�c�t�i�o�n�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �m�i�l�k�s� �o�f� �8� �c�o�w�s�.� �W�e�l�l�s� �w�e�r�e� 

�c�o�a�t�e�d� �w�i�t�h� �a�n�t�i�a�,�-�M� �I�g�G� �(�1�:�4�0�0�)� �f�o�l�l�o�w�e�d� �b�y� �s�e�q�u�e�n�t�i�a�l� 

�t�r�e�a�t�m�e�n�t�s� �o�f� �s�a�m�p�l�e� �(�1�:�2�0�0�0� �a�n�d� �1�:�4�0�0�0�)�,� �p�e�r�o�x�i�d�a�s�e� 

�c�o�n�j�u�g�a�t�e� �(�1�:�2�0�0�)�,� �a�n�d� �K�i�r�k�e�g�a�a�r�d� �A�B�T�S� �s�u�b�s�t�r�a�t�e�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �w�a�s� �s�t�o�p�p�e�d� �b�y� �a�d�d�i�n�g� �2�%� �o�x�a�l�i�c� �a�c�i�d� �(�1�0�0� �u�l�)� �a�n�d� 

�t�h�e� �o�p�t�i�c�a�l� �d�e�n�s�i�t�y� �w�a�s� �m�e�a�s�u�r�e�d� �a�t� �4�1�4� �n�m�.� �I�n�c�u�b�a�t�i�o�n� �a�n�d� 

�w�a�s�h�i�n�g� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �f�o�r� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� 

�u�s�i�n�g� �a�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e�.� 
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�3�.�1�3� �A�S�S�A�Y� �F�O�R� �P�L�A�S�M�I�N�O�G�E�N� �A�C�T�I�V�A�T�O�R�S� 

�3�.�1�3�.�1� �C�o�l�o�r�i�m�e�t�r�i�c� �A�s�s�a�y� 

�T�h�e� �c�o�u�p�l�e�d� �c�o�l�o�r�i�m�e�t�r�i�c� �a�s�s�a�y� �(�2�0�4�)� �w�a�s� �u�s�e�d� �t�o� 

�d�e�t�e�c�t� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �i�n� �m�i�l�k� �a�n�d� �i�n� 

�v�a�r�i�o�u�s� �m�i�l�k� �f�r�a�c�t�i�o�n�s�.� �T�h�e� �a�s�s�a�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �9�6�-�w�e�l�l� 

�E�L�I�S�A� �p�l�a�t�e�s�,� �w�i�t�h� �t�h�e� �w�e�l�l�s� �c�o�n�t�a�i�n�i�n�g� �2�5� �w�l� �o�f� �s�a�m�p�l�e�,� �2�5� 

�w�l� �o�f� �s�o�l�u�b�l�e� �f�i�b�r�i�n� �p�r�o�d�u�c�t�s� �(�1�0�0� �u�g�/�m�l�)�,� �2�5� �w�l� �o�f� �1�.�6� �m�M� 

�S�P�E�C�-�P�L� �s�o�l�u�t�i�o�n� �(�a� �5� �m�M� �s�o�l�u�t�i�o�n� �i�n� �w�a�t�e�r� �d�i�l�u�t�e�d� �b�e�f�o�r�e� 

�u�s�e� �w�i�t�h� �B�u�f�f�e�r� �2�,� �a� �5�0�m�M� �T�r�i�s�-�H�C�l� �b�u�f�f�e�r�,� �p�H� �7�.�5�,� 

�c�o�n�t�a�i�n�i�n�g� �0�.�1� �m�M� �N�a�C�l�,� �1� �m�M� �E�D�T�A�,� �a�n�d� �0�.�0�1�%� �T�w�e�e�n�-�8�0�)� �a�n�d� 

�2�5� �w�l� �p�l�a�s�m�i�n�o�g�e�n� �(�1�.�5� �W�H�O� �U�n�i�t�s�/�m�l�)�.� �T�h�e� �t�u�r�b�i�d�i�t�y� �e�f�f�e�c�t� 

�w�a�s� �e�l�i�m�i�n�a�t�e�d� �b�y� �m�e�a�s�u�r�i�n�g� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �o�p�t�i�c�a�l� �d�e�n�s�i�t�y� 

�a�t� �2� �w�a�v�e�l�e�n�g�t�h�s� �(�4�0�5� �a�n�d� �4�9�2� �n�m�)� �u�s�i�n�g� �a� �T�i�t�e�r�t�e�k� 

�M�u�l�t�i�s�c�a�n�n�e�r�.� �R�e�a�d�i�n�g�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �p�e�r�i�o�d�i�c�a�l�l�y� �f�o�r� �2�4� 

�h�o�u�r�s�.� �A�l�l� �t�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �a�l�s�o� �a�s�s�a�y�e�d� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� 

�e�x�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �o�p�t�i�c�a�l� �d�e�n�s�i�t�i�e�s� 

�o�b�t�a�i�n�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �a�n�d�i�n� �a�b�s�e�n�c�e� �o�f� �e�x�o�g�e�n�o�u�s� 

�p�l�a�s�m�i�n�o�g�e�n� �s�e�r�v�e�d� �a�s� �a� �m�e�a�s�u�r�e� �o�f� �n�e�t� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r� �_� 

�a�c�t�i�v�i�t�y�.� �T�h�e� �a�c�t�i�v�i�t�y� �o�f� �f�i�b�r�i�n�-�i�n�d�e�p�e�n�d�e�n�t� �a�c�t�i�v�a�t�o�r�s� �w�a�s� 

�d�e�t�e�c�t�e�d� �b�y� �e�x�c�l�u�d�i�n�g� �t�h�e� �S�F�P� �f�r�o�m� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �m�i�x�t�u�r�e�.� 

�T�h�e� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�i�o�n� �p�o�t�e�n�t�i�a�l� �i�n� �m�i�l�k� �f�r�a�c�t�i�o�n�s� 

�w�a�s� �a�l�s�o� �a�s�s�a�y�e�d� �u�t�i�l�i�z�i�n�g� �S�P�E�C�-�U�K� 

�(�C�b�o�-�L�-�(� �)�G�l�u�(�a�-�t�-�B�u�0�O�)�-�G�l�y�-�A�r�g�-�p�N�A�.�2�A�c�O�H�)�,� �a� �c�h�r�o�m�o�g�e�n�i�c� 

�t�r�i�p�e�p�t�i�d�e�,� �m�o�r�e� �s�p�e�c�i�f�i�c� �f�o�r� �a�c�t�i�v�a�t�o�r�s� �t�h�a�n� �p�l�a�s�m�i�n� �(�K�m� 

�2�-�4� �o�r�d�e�r�s� �o�f� �m�a�g�n�i�t�u�d�e� �l�o�w�e�r� �f�o�r� �a�c�t�i�v�a�t�o�r�s�)�.� �I�n�c�l�u�s�i�o�n� �o�f� 
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�a�p�r�o�t�i�n�i�n� �i�n� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �m�i�x�t�u�r�e� �a�l�l�o�w�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� 

�p�l�a�s�m�i�n� �t�o� �b�e� �e�l�i�m�i�n�a�t�e�d� �w�i�t�h�o�u�t� �a�f�f�e�c�t�i�n�g� �t�h�e� �a�c�t�i�o�n� �o�f� �t�h�e� 

�a�c�t�i�v�a�t�o�r�s�.� �T�h�e� �a�s�s�a�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �9�6�-�w�e�l�l� �E�L�I�S�A� �p�l�a�t�e�s� 

�c�o�n�t�a�i�n�i�n�g� �2�5� �u�l� �s�a�m�p�l�e�,� �2�5� �u�l� �1�.�6� �m�M� �S�P�E�C�-�U�K� �(�a� �5� �m�M� 

�s�o�l�u�t�i�o�n�.� �i�n� �w�a�t�e�r� �d�i�l�u�t�e�d� �b�e�f�o�r�e� �u�s�e� �w�i�t�h� �B�u�f�f�e�r� �2�)�,� �2�5� �u�l� 

�S�F�P� �(�1�0�0� �p�g�/�m�l�)�,� �1�5� �w�l� �a�p�r�o�t�i�n�i�n� �(�1�5�-�3�0� �T�I�U�/�m�1�)�,� �a�n�d� �1�0� �u�l� 

�B�u�f�f�e�r� �Z�.� �F�i�b�r�i�n� �i�n�d�e�p�e�n�d�e�n�t� �a�c�t�i�v�a�t�o�r�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� 

�e�x�c�l�u�d�i�n�g� �t�h�e� �S�F�P� �f�r�o�m� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �m�i�x�t�u�r�e�.� �T�h�e� �o�p�t�i�c�a�l� 

�d�e�n�s�i�t�y� �w�a�s� �m�e�a�s�u�r�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �f�o�r� �t�h�e� �c�o�u�p�l�e�d� 

�a�s�s�a�y�.� �T�h�e� �a�b�i�l�i�t�y� �o�f� �u�-�P�A� �t�o� �r�e�l�e�a�s�e� �t�h�e� �c�h�r�o�m�o�p�h�o�r�e� �f�r�o�m� 

�t�h�e� �s�u�b�s�t�r�a�t�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�p�r�o�t�i�n�i�n� �(�.�2�2�5�-�.�4�5�0� 

�T�I�U�/�w�e�l�l�)� �w�a�s� �e�n�s�u�r�e�d� �b�y� �i�n�c�l�u�d�i�n�g� �c�o�n�t�r�o�l�s� �c�o�n�t�a�i�n�i�n�g� 

�d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� �o�f� �u�-�P�A� �(�7�.�5�-�4�5� �I�U�/�w�e�l�l�)� �i�n�a� �t�o�t�a�l� 

�i�n�c�u�b�a�t�i�o�n� �v�o�l�u�m�e� �o�f� �1�0�0� �y�l�.� 

�3�.�1�3�.�2� �E�l�e�c�t�r�o�p�h�o�r�e�t�i�c� �A�s�s�a�y� 

�C�o�p�o�l�y�m�e�r�i�z�e�d� �s�u�b�s�t�r�a�t�e� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �(�2�0�3�)� �w�a�s� 

�u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �i�n� 

�m�i�l�k�.� �T�h�e� �s�u�b�s�t�r�a�t�e� �(�g�e�l�a�t�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1� �m�g�/�m�l�)� �w�a�s� 

�c�o�p�o�l�y�m�e�r�i�z�e�d� �w�i�t�h� �a� �1�0�%� �a�c�r�y�l�a�m�i�d�e� �s�o�l�u�t�i�o�n� �p�r�e�p�a�r�e�d� �a�s� 

�s�u�g�g�e�s�t�e�d� �b�y� �L�a�e�m�m�l�i� �(�2�0�6�)�.� �G�e�l�s� �a�l�s�o� �c�o�n�t�a�i�n�e�d� �1�5� �W�H�O� 

�U�n�i�t�s� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�n�d� �0�.�1�%� �u�l�t�r�a�p�u�r�e� �S�D�S�.� �P�r�i�o�r� �t�o� 

�a�p�p�l�i�c�a�t�i�o�n� �t�o� �t�h�e� �w�e�l�l�s�,� �s�k�i�m�m�i�l�k� �s�a�m�p�l�e�s� �(�o�b�t�a�i�n�e�d� �a�s� 

�d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r�)� �a�n�d� �h�u�m�a�n� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �u�-�P�A� �(�1�0�0�0� 

�P�U�/�m�l�L�)� �w�e�r�e� �t�r�e�a�t�e�d� �w�i�t�h� �t�w�i�c�e� �t�h�e� �v�o�l�u�m�e� �o�f� �s�a�m�p�l�e� �b�u�f�f�e�r� 

�(�2�.�5� �m�l� �0�.�5� �M� �T�r�i�s�-�H�C�l�,� �5� �m�l� �1�0�%� �u�l�t�r�a�p�u�r�e� �S�D�S�,� �a�n�d� �1�0� �m�l� 
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�H�A�O�,� �P�H� �8�.�6�)� �a�n�d� �a�l�l�o�w�e�d� �t�o� �s�t�a�n�d� �f�o�r� �1�5� �m�i�n� �a�t� �r�o�o�m� �t�e�m�p�.� 

�E�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�n�d�e�r� �r�e�f�r�i�g�e�r�a�t�o�r� �t�e�m�p�e�r�a�t�u�r�e� 

�a�t� �1�4� �m�A�.� �A� �s�o�l�u�t�i�o�n� �o�f� �0�.�0�2�5� �M� �T�r�i�s�,� �0�.�1�9�2� �M� �G�l�y�c�i�n�e�,� �0�.�1�%� 

�u�l�t�r�a�p�u�r�e� �S�D�S�,� �p�H� �8�.�6�,� �s�e�r�v�e�d� �a�s� �e�l�e�c�t�r�o�d�e� �b�u�f�f�e�r�.� 

�A�f�t�e�r� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�,� �g�e�l�s� �w�a�s� �i�m�m�e�r�s�e�d� �i�n� �2�.�5�%� 

�T�r�i�t�o�n�-�X� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �1�h� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� 

�g�e�n�t�l�e� �s�h�a�k�i�n�g�.� �G�e�l� �s�l�a�b�s� �w�e�r�e� �i�m�m�e�r�s�e�d� �i�n� �0�.�1�M� �g�l�y�c�i�n�e�,� �p�H� 

�8�.�3�,� �a�n�d� �s�t�o�r�e�d� �o�v�e�r�n�i�g�h�t� �a�t� �0�-�4� �C�.� �G�e�l�s� �w�e�r�e� �s�t�a�i�n�e�d� �w�i�t�h� 

�0�.�1�%� �a�m�i�d�o� �b�l�a�c�k�.� �P�r�o�t�e�o�l�y�s�i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �p�l�a�s�m�i�n�o�g�e�n� 

�a�c�t�i�v�a�t�i�o�n� �w�a�s� �m�o�n�i�t�o�r�e�d� �b�y� �r�u�n�n�i�n�g� �c�o�n�t�r�o�l� �g�e�l�s� �w�h�i�c�h� �d�i�d� 

�n�o�t� �c�o�n�t�a�i�n� �p�l�a�s�m�i�n�o�g�e�n�.� 

�3�.�1�3�.�3� �I�m�m�u�n�o�d�i�f�f�u�s�i�o�n�a�s�s�a�y�s� 

�T�h�e� �i�m�m�u�n�o�l�o�g�i�c� �i�d�e�n�t�i�t�y� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� 

�i�n� �h�u�m�a�n� �a�n�d� �p�o�r�c�i�n�e� �s�k�i�m�m�i�l�k� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �p�e�r�f�o�r�m�i�n�g� 

�D�I�D� �a�n�d� �S�R�I�D� �a�s�s�a�y�s� �u�s�i�n�g� �a�n�t�i�h�u�m�a�n� �u�-�P�A�,� �a�n�t�i�h�u�m�a�n� �t�-�P�A�,� �o�r� 

�a�n�t�i�p�o�r�c�i�n�e� �t�-�P�A�.� �T�h�e� �p�r�o�c�e�d�u�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�1�2�.�1� 

�w�a�s� �f�o�l�l�o�w�e�d�.� 
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�4�.�0� �R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�4�.�1� �E�N�D�O�G�E�N�O�U�S� �P�R�O�T�E�A�S�E�S� �I�N� �B�O�V�I�N�E� �M�I�L�K� 

�T�h�e� �a�v�e�r�a�g�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �p�r�o�t�e�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� 

�(�T�a�b�l�e� �1�)� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �f�r�a�c�t�i�o�n�s� �p�r�e�p�a�r�e�d� �f�r�o�m� �t�h�e� 

�i�n�d�i�v�i�d�u�a�l� �m�i�l�k�s� �o�f� �4� �c�o�w�s� �b�y� �t�h�e� �f�l�u�o�r�o�m�e�t�r�i�c� �a�s�s�a�y� 

�(�i�n�d�i�v�i�d�u�a�l� �c�o�w� �v�a�l�u�e�s� �s�h�o�w�n� �i�n� �a�p�p�e�n�d�i�x�)�.� �A�l�t�h�o�u�g�h� �g�e�n�e�r�a�l� 

�t�r�e�n�d�s� �w�e�r�e� �s�i�m�i�l�a�r� �i�n� �a�l�l� �c�o�w�s�,� �s�p�e�c�i�f�i�c� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� 

�w�e�r�e� �v�a�r�i�a�b�l�e� �(�a�p�p�e�n�d�i�x�)�.� �G�r�e�a�t�e�r� �a�m�i�d�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� �w�a�s� 

�d�e�t�e�c�t�e�d� �(�d�u�e� �t�o� �e�n�d�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�)� �i�n� �c�a�s�e�i�n� �m�i�c�e�l�l�e�s� 

�(�1�2�.�7�1� �A�U�)� �t�h�a�n� �i�n� �i�s�o�e�l�e�c�t�r�i�c� �c�a�s�e�i�n� �(�9�.�9�4� �A�U�)�.� 

�C�o�r�r�e�s�p�o�n�d�i�n�g�l�y�,� �t�h�e� �a�c�i�d� �w�h�e�y� �f�r�a�c�t�i�o�n� �o�b�t�a�i�n�e�d� �d�u�r�i�n�g� 

�p�r�e�p�a�r�a�t�i�o�n� �o�f� �i�s�o�e�l�e�c�t�r�i�c� �c�a�s�e�i�n� �c�o�n�t�a�i�n�e�d� �h�i�g�h�e�r� �a�c�t�i�v�i�t�y� 

�(�8�.�4�1� �A�U�)� �t�h�a�n� �d�i�d� �s�u�p�e�r�n�a�t�a�n�t� �f�r�a�c�t�i�o�n�s� �(�5�.�9�2� �A�U�)� �o�b�t�a�i�n�e�d� 

�d�u�r�i�n�g� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �c�a�s�e�i�n� �m�i�c�e�l�l�e�s�.� �T�h�u�s�,� �t�h�e� �m�e�t�h�o�d� 

�u�s�e�d� �t�o� �i�s�o�l�a�t�e� �f�r�a�c�t�i�o�n�s� �d�o�e�s� �a�f�f�e�c�t� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�a�m�i�d�o�l�y�t�i�c� �p�o�t�e�n�t�i�a�l�.� �P�r�e�v�i�o�u�s�l�y�,� �R�i�c�h�a�r�d�s�o�n� �(�1�8�1�)� �h�a�d� 

�f�o�u�n�d� �t�h�a�t� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �c�a�s�e�i�n� �b�y� �a�c�i�d� �t�r�e�a�t�m�e�n�t� �r�e�s�u�l�t�e�d� 

�i�n� �d�i�s�s�o�c�i�a�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �a�n�d� �p�l�a�s�m�i�n�o�g�e�n� �f�r�o�m� �c�a�s�e�i�n�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�l�a�s�m�i�n� �d�i�s�s�o�c�i�a�t�i�n�g� �f�r�o�m� �c�a�s�e�i�n� 

�i�n� �t�h�i�s� �s�t�u�d�y� �i�s� �h�i�g�h�e�r� �(�2�2�%�)� �t�h�a�n� �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d� 

�(�~�1�4�%�)�.� �T�h�i�s� �d�i�s�c�r�e�p�a�n�c�y� �c�o�u�l�d� �b�e� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�t�i�m�e� �t�h�a�t� �s�a�m�p�l�e�s� �w�e�r�e� �e�x�p�o�s�e�d� �t�o� �a�c�i�d�.� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�p�l�a�s�m�i�n�o�g�e�n� �(�m�e�a�s�u�r�e�d� �a�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �f�l�u�o�r�e�s�c�e�n�c�e� 

�i�n�t�e�n�s�i�t�i�e�s� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �u�-�P�A�)� �a�m�o�n�g� 

�d�i�f�f�e�r�e�n�t� �m�i�l�k� �f�r�a�c�t�i�o�n�s� �p�a�r�a�l�l�e�l�e�d� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� �4�2



�T�a�b�l�e� �1�.� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �A�m�i�d�o�l�y�t�i�c� �A�c�t�i�v�i�t�y� �A�m�o�n�g� �M�i�l�k� �F�r�a�c�t�i�o�n�s�.� 
� � 

�A�c�t�i�v�i�t�y� �(�A�U�)� 
� � 

� � 

�P�l�a�s�m�i�n�o�g�e�n� 
�a�n�d� 

�S�a�m�p�l�e� �P�l�a�s�m�i�n� �P�l�a�s�m�i�n� �P�l�a�s�m�i�n�o�g�e�n�?� �N�o�n�-�p�l�a�s�m�i�n� 

�C�S�M�C� �1�1�.�3�8� �-� �1�8�.�4�8� �7�.�1�0� �8�.�1�7� 
�C�a�s�e�i�n� �m�i�c�e�l�l�e�s�©� �1�2�.�7�1� �2�6�.�7�3� �1�4�.�0�2� �7�.�1�9� 
�A�c�i�d� �c�a�s�e�i�n�®� �9�.�9�4� �1�9�.�4�0� �9�.�4�6� �7�.�6�6� 

�S�u�p�e�r�n�a�t�a�n�t� �5�.�9�2� �7�.�3�0� �1�.�3�8� �6�.�1�1� 
�A�c�i�d� �s�u�p�e�r�n�a�t�a�n�t� �5�.�6�7� �6�.�7�1� �1�.�0�4� �2�.�8�2� 
�A�c�i�d� �w�h�e�y� �8�.�4�1� �1�3�.�8�1� �5�.�4�0� �3�.�1�5� 
�D�i�a�l�y�z�e�d� �a�c�i�d� �w�h�e�y� �3�.�7�6� �7�.�1�0� �3�.�3�4� �3�.�2�1� 
� � 

�4�a�c�t�i�v�i�t�y� �e�x�p�r�e�s�s�e�d� �i�n� �A�r�b�i�t�r�a�r�y� �U�n�i�t�s� �(�A�U�)�;� �1� �A�U� �=� �1�0�- �� �M� �a�m�i�n�o� 
�m�e�t�h�y�l� �c�o�u�m�a�r�i�n� �r�e�l�e�a�s�e�d�/�m�l� �o�f� �s�a�m�p�l�e�.� 
�D�i�f�f�e�r�e�n�c�e� �i�n� �f�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �t�r�e�a�t�i�n�g� �w�i�t�h� 
�u�-�P�A�.� 

�C�F�l�u�o�r�e�s�c�e�n�t� �i�n�t�e�n�s�i�t�y� �o�f� �c�a�s�e�i�n� �c�o�n�t�a�i�n�i�n�g� �f�r�a�c�t�i�o�n�s� �h�a�v�e� �b�e�e�n� 
�m�u�l�t�i�p�l�i�e�d� �b�y� �2�.�5� �t�o� �a�c�c�o�u�n�t� �f�o�r� �c�o�m�p�e�t�i�t�i�o�n� �b�e�t�w�e�e�n� �c�a�s�e�i�n� �a�n�d� 
�c�o�u�m�a�r�i�n� �p�e�p�t�i�d�e� �(�1�4�3�)�.� 

�4�3



�p�l�a�s�m�i�n� �(�T�a�b�l�e� �1�)�.� �M�o�r�e�o�v�e�r�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�%� �o�f� �t�h�e� �t�o�t�a�l� 

�a�m�i�d�o�l�y�t�i�c� �p�o�t�e�n�t�i�a�l� �w�a�s� �c�o�n�t�r�i�b�u�t�e�d� �b�y� �a�p�r�o�t�i�n�i�n�-�r�e�s�i�s�t�a�n�t� 

�p�r�o�t�e�a�s�e�s� �p�r�e�s�e�n�t� �i�n� �m�i�l�k� �f�r�a�c�t�i�o�n�s�.� �T�h�i�s� �i�s� �i�n� �a�g�r�e�e�m�e�n�t� 

�w�i�t�h� �R�o�l�l�e�m�a� �(�2�0�6�)� �w�h�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �a�b�o�u�t� �2�0�%� �o�f� 

�p�r�o�t�e�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� �i�n� �m�i�l�k� �d�i�r�e�c�t�e�d� �t�o�w�a�r�d�s� �S�-�2�2�5�1� 

�(�H�-�D�-�V�a�l�-�L�y�s�-�L�u�e�-�p�N�A�)� �i�s� �d�u�e� �t�o� �e�n�z�y�m�e�s� �o�t�h�e�r� �t�h�a�n� �p�l�a�s�m�i�n�.� 

�T�h�i�s� �a�p�r�o�t�i�n�i�n�-�r�e�s�i�s�t�a�n�t� �a�m�i�d�o�l�y�s�i�s� �c�o�u�l�d� �b�e� �m�e�d�i�a�t�e�d� �b�y� 

�p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s�,� �s�i�n�c�e� �a�p�r�o�t�i�n�i�n� �i�n�h�i�b�i�t�s� �p�l�a�s�m�i�n� �b�u�t� 

�n�o�t� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s�.� �A�l�t�h�o�u�g�h� �s�y�n�t�h�e�t�i�c� �s�u�b�s�t�r�a�t�e�s� 

�a�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �a�c�t�i�o�n� �b�y� �p�l�a�s�m�i�n�,� �h�y�d�r�o�l�y�s�i�s� �b�y� 

�a�c�t�i�v�a�t�o�r�s� �c�a�n� �o�c�c�u�r�,� �t�h�o�u�g�h� �t�o� �a� �l�e�s�s�e�r� �e�x�t�e�n�t�.� �T�h�e� 

�a�p�r�o�t�i�n�i�n�-�r�e�s�i�s�t�a�n�t� �a�m�i�d�o�l�y�s�i�s� �c�o�u�l�d� �a�l�s�o� �b�e� �d�u�e� �t�o� 

�p�r�o�t�e�a�s�e�s� �o�t�h�e�r� �t�h�a�n� �p�l�a�s�m�i�n� �a�n�d� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� 

�k�n�o�w�n� �t�o� �o�c�c�u�r� �i�n� �m�i�l�k�.� 

�R�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �m�a�y� �h�a�v�e� �b�e�e�n� �a�f�f�e�c�t�e�d� �b�y� �o�n�e� �o�r� �m�o�r�e� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �a�s�s�a�y� �s�y�s�t�e�m�.� �F�o�r� �e�x�a�m�p�l�e�,� �a�p�r�o�t�i�n�i�n� �m�a�y� 

�n�o�t� �b�e� �a�b�l�e� �t�o� �r�e�a�c�t� �w�i�t�h� �p�l�a�s�m�i�n� �d�u�e� �t�o� �i�n�t�e�r�f�e�r�e�n�c�e� �b�y� 

�m�i�l�k� �p�r�o�t�e�i�n�s�.� �T�h�u�s�,� �p�l�a�s�m�i�n� �i�n� �t�h�e� �u�l�t�r�a�c�e�n�t�r�i�f�u�g�e� 

�s�u�p�e�r�n�a�t�a�n�t� �c�o�u�l�d� �b�e� �p�r�o�t�e�c�t�e�d� �f�r�o�m� �a�p�r�o�t�i�n�i�n� �b�y� 

�n�o�n�-�m�i�c�e�l�l�a�r� �c�a�s�e�i�n�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �h�i�g�h� �v�a�l�u�e� �(�6�.�1�1� �A�U�)� 

�c�o�m�p�a�r�e�d� �t�o� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� �i�n� �c�a�s�e�i�n�-�f�r�e�e� �s�u�p�e�r�n�a�t�a�n�t� 

�(�2�.�8�2� �A�U�)� �a�n�d� �a�c�i�d� �w�h�e�y� �(�3�.�1�5� �A�U�)�.� �A�m�i�d�o�l�y�s�i�s� �p�r�o�d�u�c�e�d� �b�y� 

�e�n�d�o�g�e�n�o�u�s� �p�l�a�s�m�i�n� �d�i�d� �n�o�t� �s�e�e�m� �t�o� �b�e� �a�f�f�e�c�t�e�d� �b�y� �r�e�m�o�v�a�l� �o�f� 

�n�o�n�-�m�i�c�e�l�l�a�r� �c�a�s�e�i�n� �f�r�o�m� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �(�5�.�9�2� �a�n�d� �5�.�6�7� �A�U�,� 

�b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �c�a�s�e�i�n� �r�e�m�o�v�a�l�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �H�o�w�e�v�e�r�,� 

�c�a�s�e�i�n� �i�n� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �m�i�g�h�t� �h�a�v�e� �c�o�m�p�e�t�e�d� �w�i�t�h� �C�o�u�m�a�r�i�n� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� �4�4



�P�e�p�t�i�d�e� �p�r�o�d�u�c�i�n�g� �a�n� �u�n�d�e�r�e�s�t�i�m�a�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �a�c�t�i�v�i�t�y�.� 

�D�i�a�l�y�s�i�s� �o�f� �a�c�i�d� �w�h�e�y� �r�e�s�u�l�t�e�d� �i�n� �a� �d�e�c�r�e�a�s�e� �o�f� �b�o�t�h� �p�l�a�s�m�i�n� 

�a�n�d� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�i�t�i�e�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e�s�e� �r�e�s�u�l�t�s� �d�o� �s�h�o�w� �t�h�a�t� �p�l�a�s�m�i�n�-�l�i�k�e� 

�a�c�t�i�v�i�t�y� �i�s� �p�r�e�s�e�n�t� �i�n� �a�l�l� �m�i�l�k� �f�r�a�c�t�i�o�n�s� �a�n�d� �t�h�a�t� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�c�t�i�v�i�t�y� �d�e�p�e�n�d�s� �u�p�o�n� �t�h�e� �m�e�t�h�o�d� �u�s�e�d� �t�o� 

�p�r�e�p�a�r�e� �t�h�e� �f�r�a�c�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �l�i�t�t�l�e� �i�n�f�o�r�m�a�t�i�o�n� �h�a�s� �b�e�e�n� 

�g�a�i�n�e�d� �a�b�o�u�t� �t�h�e� �l�e�v�e�l�s� �a�n�d� �a�c�t�i�v�i�t�i�e�s� �o�f� �f�i�b�r�i�n�o�l�y�t�i�c� 

�a�c�t�i�v�a�t�o�r�s� �a�n�d� �i�n�h�i�b�i�t�o�r�s� �w�h�i�c�h� �m�a�y� �a�l�s�o� �o�c�c�u�r� �i�n� �m�i�l�k�.� 

�T�h�e�s�e� �a�c�t�i�v�a�t�o�r�s� �a�n�d� �i�n�h�i�b�i�t�o�r�s� �c�o�u�l�d� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �h�i�g�h� 

�v�a�r�i�a�n�c�e� �i�n� �p�l�a�s�m�i�n� �a�c�t�i�v�i�t�y� �d�e�t�e�c�t�e�d� �a�m�o�n�g� �m�i�l�k� �f�r�a�c�t�i�o�n�s� 

�f�r�o�m� �d�i�f�f�e�r�e�n�t� �c�o�w�s�.� �T�h�u�s� �a� �c�l�e�a�r�e�r� �p�i�c�t�u�r�e� �o�f� �t�h�e� 

�f�i�b�r�i�n�o�l�y�t�i�c� �s�y�s�t�e�m� �i�n� �m�i�l�k� �c�o�u�l�d� �b�e� �o�b�t�a�i�n�e�d� �b�y� �i�d�e�n�t�i�f�y�i�n�g� 

�t�h�e� �p�r�i�n�c�i�p�a�l� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �a�n�d� �a�n�t�i�p�l�a�s�m�i�n�s�.� 

�4�.�2� �A�N�T�I�P�L�A�S�M�I�N�S� �A�N�D� �A�N�T�I�A�C�T�I�V�A�T�O�R�S� �I�N� �M�I�L�K� 

�B�l�o�o�d� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �a� �s�o�u�r�c�e� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�n�d� 

�p�l�a�s�m�i�n� �i�n� �m�i�l�k�.� �S�i�n�c�e� �e�n�z�y�m�e� �m�e�d�i�a�t�e�d� �r�e�a�c�t�i�o�n�s� �a�r�e� �h�i�g�h�l�y� 

�r�e�g�u�l�a�t�e�d�,� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �f�i�b�r�i�n�o�l�y�t�i�c� �s�y�s�t�e�m� �m�a�y� 

�a�l�s�o� �b�e� �p�r�e�s�e�n�t� �i�n� �m�i�l�k�.� �E�f�f�o�r�t�s� �t�o� �i�d�e�n�t�i�f�y� �a�n�d� �d�e�t�e�c�t� 

�i�n�h�i�b�i�t�o�r�s� �i�n� �m�i�l�k� �w�e�r�e� �d�i�r�e�c�t�e�d� �t�o�w�a�r�d�s� �a�.�-�m�a�c�r�o�g�l�o�b�u�l�i�n� 

�a�n�d� �a�,�-�a�n�t�i�p�l�a�s�m�i�n�,� �t�h�e� �p�r�i�n�c�i�p�a�l� �i�n�h�i�b�i�t�o�r�s� �k�n�o�w�n� �t�o� �o�c�c�u�r� 

�i�n� �b�l�o�o�d�.� 

�4�.�2�.�1�.� �a�,�-�M�a�c�r�o�g�l�o�b�u�l�i�n� 

�S�a�m�p�l�e�s� �o�f� �s�k�i�m�m�i�l�k� �p�r�e�p�a�r�e�d� �f�r�o�m� �h�e�a�l�t�h�y� �c�o�w�s� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� �|� �4�5�.



�p�r�o�d�u�c�e�d� �s�i�n�g�l�e� �p�r�e�c�i�p�i�t�i�n� �l�i�n�e�s� �i�n� �D�I�D� �a�s�s�a�y� �a�g�a�i�n�s�t� 

�a�n�t�i�b�o�v�i�n�e� �a�5�-�M� �(�n�o�t� �s�h�o�w�n�)�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �w�e�r�e� �t�h�e� �f�i�r�s�t� 

�i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �a�5�-�M� �a�c�t�u�a�l�l�y� �o�c�c�u�r�s� �i�n� �b�o�v�i�n�e� �m�i�l�k�.� �A�n� 

�E�L�I�S�A� �w�a�s� �d�e�v�e�l�o�p�e�d� �t�o� �f�u�r�t�h�e�r� �v�e�r�i�f�y� �t�h�e�s�e� �r�e�s�u�l�t�s� �a�n�d� �t�o� 

�q�u�a�n�t�i�f�y� �t�h�e� �l�e�v�e�l�s� �a�t� �w�h�i�c�h� �«�.�-�M� �o�c�c�u�r�s� �i�n� �b�o�v�i�n�e� �m�i�l�k�.� �2� 

�V�e�r�y� �g�o�o�d� �c�o�r�r�e�l�a�t�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�s�,� �l�i�n�e�a�r�i�t�i�e�s�,� �a�n�d� �s�l�o�p�e�s� 

�w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �b�o�t�h� �t�h�e� �s�t�a�n�d�a�r�d� �c�u�r�v�e�s� �a�n�d� �v�a�r�i�o�u�s� 

�s�k�i�m�m�i�l�k� �s�a�m�p�l�e� �d�i�l�u�t�i�o�n�s� �(�T�a�b�l�e� �2�)�.� �T�h�e� �1�0� �s�k�i�m�m�i�l�k� 

�s�a�m�p�l�e�s� �e�x�a�m�i�n�e�d� �c�o�n�t�a�i�n�e�d� �1�.�5�4� �+�/�-� �0�.�9�1� �m�g� �a�4�-�M�/�m�1� �(�T�a�b�l�e� 

�3�)� �(�a�p�p�e�n�d�i�x� �s�h�o�w�s� �c�a�l�c�u�l�a�t�i�o�n�s� �f�o�r� �o�n�e� �s�a�m�p�l�e�)�,� �w�h�i�c�h� 

�c�o�m�p�r�i�s�e�s� �o�v�e�r� �4�%� �o�f� �t�h�e� �t�o�t�a�l� �p�r�o�t�e�i�n� �i�n� �m�i�l�k�.� �T�h�i�s� �l�e�v�e�l� 

�o�f� �a�5�-�M� �o�c�c�u�r�r�e�n�c�e� �i�s� �m�u�c�h� �h�i�g�h�e�r� �t�h�a�n� �e�x�p�e�c�t�e�d�,� �b�a�s�e�d� �o�n� 

�t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �l�e�v�e�l�s� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�n�d� �p�l�a�s�m�i�n� �(�<� �3�.�5� 

�u�g�/�m�l�)� �r�e�p�o�r�t�e�d� �t�o� �o�c�c�u�r� �i�n� �m�i�l�k� �(�1�4�3�)�.� �A� �S�R�I�D� �a�s�s�a�y� �w�a�s� 

 ��d�e�v�e�l�o�p�e�d� �a�n�d� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �l�e�v�e�l� �o�f� �a�5�-�M� �i�n�a� 

�s�a�m�p�l�e� �o�f� �h�u�m�a�n� �m�i�l�k� �a�n�d� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g�l�y� �h�i�g�h� �l�e�v�e�l� �(�<� �1� 

�m�g�/�m�l�)� �w�a�s� �d�e�t�e�c�t�e�d� �(�F�i�g� �2�)�.� 

�E�l�e�v�a�t�e�d� �l�e�v�e�l�s� �o�f� �a�5�-�M� �d�e�t�e�c�t�e�d� �i�n� �b�o�t�h� �h�u�m�a�n� �a�n�d� 

�b�o�v�i�n�e� �m�i�l�k�s� �m�i�g�h�t� �s�u�g�g�e�s�t� �a� �m�a�j�o�r� �r�o�l�e� �i�n� �p�r�e�v�e�n�t�i�n�g� �d�a�m�a�g�e� 

�t�o� �m�a�m�m�a�r�y� �t�i�s�s�u�e� �m�e�d�i�a�t�e�d� �b�y� �p�l�a�s�m�i�n� �a�n�d� �b�y� �p�r�o�t�e�a�s�e�s� 

�(�c�a�t�h�e�p�s�i�n�,� �e�l�a�s�t�a�s�e�,� �c�o�l�l�e�g�e�n�a�s�e�)� �r�e�l�e�a�s�e�d� �b�y� �l�e�u�c�o�c�y�t�e�s� 

�w�h�i�c�h� �a�r�e� �p�r�e�s�e�n�t� �i�n� �m�a�m�m�a�r�y� �a�l�v�e�o�l�i� �i�n� �r�e�s�p�o�n�s�e� �t�o� 

�i�n�f�e�c�t�i�o�n�.� �H�i�g�h� �l�e�v�e�l�s� �o�f� �a�5�-�M� �c�o�u�l�d� �i�n�h�i�b�i�t� �t�h�e� 

�a�c�t�i�v�i�t�i�e�s� �o�f� �b�o�t�h� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �a�n�d� �p�l�a�s�m�i�n� �a�n�d� 

�p�r�o�t�e�c�t� �m�i�l�k� �p�r�o�t�e�i�n�s� �f�r�o�m� �e�x�t�e�n�s�i�v�e� �d�e�g�r�a�d�a�t�i�o�n�.� �F�u�r�t�h�e�r�,� 

�t�h�e� �a�b�i�l�i�t�y� �o�f� �a�.�-�M� �b�o�u�n�d� �e�n�z�y�m�e�s� �t�o� �h�y�d�r�o�l�y�z�e� �s�m�a�l�l� 
�2� 
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�T�a�b�l�e� �2�.� �M�e�a�n� �A�b�s�o�r�b�a�n�c�e� �a�n�d� �C�o�r�r�e�l�a�t�i�o�n� �C�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� 
�a�o�-�M� �E�L�I�S�A�.� 
� � 

� � 

� � 

�A�4�g�s� 

�a�o�-�M� �(�u�g�/�m�l�)� �a� �b� 

�S�t�a�n�d�a�r�d� �c�u�r�v�e� �1�0�.�0�0� �1�.�1�9�4� �0�.�7�8�0� 
�5�.�0�0� �0�.�8�9�7� �0�.�4�2�9� 
�2�.�5�0� �0�.�5�2�4� �0�.�2�6�1� 
�1�.�2�5� �0�.�2�7�3� �0�.�1�6�2� 

�r�,�=�0�.�9�6�3�4� �=� �r�,�=�1�.�0�0�2� 

� � 

� � 

�S�k�i�m�m�i�l�k� 
�M�e�a�n� �M�e�a�n� �C�o�r�r�e�l�a�t�i�o�n� 

�C�o�w� �n�u�m�b�e�r� �V�o�l�.�(�x�1�0�7�3�)�¢� �A�n�o�s�?� �c�o�e�f�f�i�c�i�e�n�t� 

�1� �5�.�8�3� �0�.�9�6�5� �0�.�9�9�0� 
�2� �4�.�6�9� �0�.�8�9�1� �0�.�9�5�9� 
�3� �5�.�8�3� �0�.�5�2�6� �0�.�9�0�4� 
�4� �2�.�9�2� �0�.�9�7�5� �0�.�9�4�7� 
�5� �5�.�8�3� �1�.�0�0�6� �0�.�9�6�5� 
�6� �5�.�8�3� �0�.�8�1�3� �0�.�9�5�3� 
�7� �4�.�6�9� �0�.�6�7�0� �0�.�9�7�7� 
�8� �4�.�6�9� �0�.�8�4�5� �0�.�9�8�1� 
�9� �2�.�9�2� �0�.�8�2�2� �0�.�9�9�0� 

�1�0� �4�.�6�9� �0�.�6�8�5� �0�.�9�7�8� 
� � 

�4�F�o�r� �c�o�w�s� �1�-�8�.� 
�D�F�o�r� �c�o�w�s� �9� �a�n�d� �1�0�.� 
�©�T�o�t�a�l� �v�o�l�u�m�e� �o�f� �e�a�c�h� �s�a�m�p�l�e� �d�i�v�i�d�e�d� �b�y� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 
�o�b�s�e�r�v�a�t�i�o�n�s�.� 
�T�o�t�a�l� �a�b�s�o�r�b�a�n�c�e� �o�f� �e�a�c�h� �s�a�m�p�l�e� �d�i�v�i�d�e�d� �b�y� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 
�o�b�s�e�r�v�a�t�i�o�n�s�.



�T�a�b�l�e� �3�.� �a�g�-�M�a�c�r�o�g�l�o�b�u�l�i�n� �i�n� �B�o�v�i�n�e� �S�k�i�m�m�i�l�k� 
�a�s� �D�e�t�e�r�m�i�n�e�d� �b�y� �E�L�I�S�A�.� 
� � 

� � 

�C�o�w� �n�u�m�b�e�r� �a�>�-�M� �(�m�g�/�m�1�)�>� 

�1� �1�.�2�2� 
�2� �1�.�3�6� 
�3� �0�.�4�7� 
�4� �2�.�4�6� 
�5� �1�.�2�9� 
�6� �0�.�9�6� 
�7� �0�.�8�9� 
�8� �1�.�2�6� 
�9� �3�.�6�3� 

�1�0� �1�.�8�4� 

�A�v�e�r�a�g�e� �1�.�5�4� �+�/�-� �0�.�9�1� 
�R�a�n�g�e� �0�.�4�7� �-� �3�.�6�3� 
� � 

�4�1�:�4�0�0� �c�o�a�t�i�n�g� �a�n�t�i�b�o�d�y�;� �1�:�5�0� �a�l�k�a�l�i�n�e� �p�h�o�s�-� 
�p�h�a�t�a�s�e� �c�o�n�j�u�g�a�t�e�.� 

�b�y�a�l�u�e� �o�f� �a�o�-�M� �i�n� �u�g�/�m�l� �o�b�t�a�i�n�e�d� �f�r�o�m� �m�e�a�n� 
�a�b�s�o�r�b�a�n�c�e� �o�f� �t�h�e� �s�a�m�p�l�e�,� �a�n�d� �t�h�e� �s�t�a�n�d�a�r�d� 
�c�u�r�v�e�,� �w�a�s� �m�u�l�t�i�p�l�i�e�d� �b�y� �t�h�e� �d�i�l�u�t�i�o�n� �f�a�c�t�o�r�.



�F�i�g�u�r�e� �2�.� �D�e�t�e�c�t�i�o�n� �o�f� �a�,�-�M� �i�n� �H�u�m�a�n� �S�k�i�m�m�i�l�k�.� �0�.�2�5�%� �(�V�/�V�)� 

�a�n�t�i�b�o�v�i�n�e� �a�5�-�M� �c�o�-�p�o�l�y�m�e�r�i�z�e�d� �i�n� �1�%� �a�g�a�r�o�s�e�,� �c�o�n�t�a�i�n�i�n�g� 

�2�.�5�%� �p�o�l�y�e�t�h�y�l�e�n�e� �g�l�y�c�o�l� �3�,�3�5�0�.� �c�C�,� �P�B�S� �(�1�0� �w�l�)�;� �a�,� �b�y�,� �c�,� 

�a�n�d� �d�,� �u�n�d�i�l�u�t�e�d�,� �1�:�1�,� �1�:�2�,� �a�n�d� �1�:�4� �d�i�l�u�t�i�o�n�s� �o�f� �s�t�o�c�k� �(�1� 

�m�g�/�m�l� �)� �a�.�-�M� �(�1�0� �w�l�)�;� �e�,� �1�:�1�0� �d�i�l�u�t�i�o�n� �o�f� �s�t�o�c�k� �a�,�-�M� �(�1�0� �p�u�l�)�;� 

�1�,� �2�,� �a�n�d� �3�,� �1�:�1�,� �1�:�2�,� �a�n�d� �1�:�4� �d�i�l�u�t�i�o�n�s� �o�f� �h�u�m�a�n� �s�k�i�m�m�i�l�k�.� 

�G�e�l� �s�t�a�i�n�e�d� �w�i�t�h� �0�.�5�%� �a�m�i�d�o� �b�l�a�c�k� �1�0�B� �i�n� �4�5�:�4�5�:�1�0�,� 

�m�e�t�h�a�n�o�l�:�a�c�e�t�i�c� �a�c�i�d�:�w�a�t�e�r�,� �a�n�d� �d�e�s�t�a�i�n�e�d� �w�i�t�h� �4�5�:�4�5�:�1�0�,� 

�m�e�t�h�a�n�o�l�:�a�c�e�t�i�c� �a�c�i�d�:�w�a�t�e�r�.� 
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� � �5�0



�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �b�u�t� �n�o�t� �l�a�r�g�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �s�u�b�s�t�r�a�t�e�s� 

�m�a�y� �a�l�s�o� �a�f�f�e�c�t� �a�s�s�a�y�s� �w�h�i�c�h� �u�s�e� �s�y�n�t�h�e�t�i�c� �s�u�b�s�t�r�a�t�e�s� �t�o� 

�m�e�a�s�u�r�e� �p�r�o�t�e�o�l�y�t�i�c� �p�o�t�e�n�t�i�a�l� �i�n� �m�i�l�k�.� �T�h�u�s�,� �a�,�-�M� �b�o�u�n�d� 

�p�l�a�s�m�i�n�,� �w�h�i�l�e� �s�h�o�w�i�n�g� �l�i�t�t�l�e� �o�r� �n�o� �a�c�t�i�v�i�t�y� �t�o�w�a�r�d�s� �c�a�s�e�i�n�,� 

�m�a�y� �s�t�i�l�l� �r�a�p�i�d�l�y� �h�y�d�r�o�l�y�z�e� �s�y�n�t�h�e�t�i�c� �s�u�b�s�t�r�a�t�e�s� �l�i�k�e� 

�C�o�u�m�a�r�i�n� �P�e�p�t�i�d�e�,� �C�h�r�o�m�o�z�y�m�e�-�P�L�,� �a�n�d� �S�-�2�2�5�1�.� �T�h�e�s�e� �a�s�s�a�y�s� 

�m�a�y� �p�r�o�d�u�c�e� �a�n� �o�v�e�r�e�s�t�i�m�a�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �m�e�d�i�a�t�e�d� 

�p�r�o�t�e�o�l�y�t�i�c� �p�o�t�e�n�t�i�a�l� �i�n� �m�i�l�k�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �f�r�e�e� �a�,�-�M� 

�i�n� �m�i�l�k� �m�a�y� �b�i�n�d� �e�x�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �a�n�d� 

�p�r�e�v�e�n�t� �a�c�t�i�v�a�t�i�o�n� �o�f� �a�l�l� �t�h�e� �e�n�d�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n� �i�n� 

�m�i�l�k�.� �I�n�a�c�c�u�r�a�t�e� �v�a�l�u�e�s� �f�o�r� �p�l�a�s�m�i�n�o�g�e�n� �w�o�u�l�d� �t�h�e�n� �b�e� 

�o�b�t�a�i�n�e�d� �w�h�e�n� �m�e�a�s�u�r�e�d� �a�s� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� �a�m�i�d�o�l�y�t�i�c� 

�p�o�t�e�n�t�i�a�l� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �u�-�P�A�.� �F�o�r� �t�h�e� 

�s�a�m�e� �r�e�a�s�o�n�,� �a�s�s�a�y� �o�f� �a�c�t�i�v�a�t�o�r�s� �b�y� �a�d�d�i�t�i�o�n� �o�f� �e�x�o�g�e�n�o�u�s� 

�p�l�a�s�m�i�n�o�g�e�n� �t�o� �m�i�l�k� �m�a�y� �n�o�t� �g�i�v�e� �a�c�c�u�r�a�t�e� �r�e�s�u�l�t�s�.� �T�h�u�s�,� 

�t�h�e� �a�n�t�i�p�r�o�t�e�o�l�y�t�i�c� �p�o�t�e�n�t�i�a�l� �o�f� �m�i�l�k� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� 

�w�h�e�n� �i�n�t�e�r�p�r�e�t�i�n�g� �d�a�t�a� �(�a�s� �i�n� �T�a�b�l�e� �1�)� �o�b�t�a�i�n�e�d� �u�s�i�n�g� 

�s�y�n�t�h�e�t�i�c� �s�u�b�s�t�r�a�t�e�s� �t�o� �a�s�s�a�y� �f�o�r� �p�r�o�t�e�o�l�y�t�i�c� �p�o�t�e�n�t�i�a�l�.� 

�T�h�e� �a�,�-�M� �E�L�I�S�A� �w�a�s� �a�l�s�o� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�.�-�M� �a�c�t�i�v�i�t�y� �b�e�t�w�e�e�n� �c�a�s�e�i�n� �a�n�d� �w�h�e�y� �2� 

�f�r�a�c�t�i�o�n�s�.� �-�M�a�c�r�o�g�l�o�b�u�l�i�n� �a�p�p�e�a�r�s� �t�o� �a�s�s�o�c�i�a�t�e� �t�o� �a� �m�u�c�h�  ��2� 
�g�r�e�a�t�e�r� �e�x�t�e�n�t� �w�i�t�h� �w�h�e�y� �t�h�a�n� �w�i�t�h� �t�h�e� �c�a�s�e�i�n� �f�r�a�c�t�i�o�n� 

�(�T�a�b�l�e� �4�)�.� �A�l�t�h�o�u�g�h� �a�,�-�M� �e�f�f�e�c�t�i�v�e�l�y� �i�n�h�i�b�i�t�s� �a� �l�a�r�g�e� 
�2� 

�n�u�m�b�e�r� �o�f� �p�r�o�t�e�a�s�e�s�,� �n�o�t� �a�l�l� �a�r�e� �a�f�f�e�c�t�e�d� �(�1�1�4�-�1�1�7�)�.� 

�W�h�e�t�h�e�r� �b�o�v�i�n�e� �«�a�.�-�M� �i�s� �e�f�f�e�c�t�i�v�e� �a�g�a�i�n�s�t� �m�i�l�k� �c�l�o�t�t�i�n�g� �2� 

�e�n�z�y�m�e�s� �w�o�u�l�d� �b�e� �o�f� �c�o�n�s�i�d�e�r�a�b�l�e� �i�n�t�e�r�e�s�t� �t�o� �t�h�e� �c�h�e�e�s�e� 
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�T�a�b�l�e� �4�.� �a� �j�-�M�a�c�r�o�g�l�o�b�u�l�i�n� �E�L�I�S�A� �o�f� �B�o�v�i�n�e� �M�i�l�k� 
�F�r�a�c�t�i�o�n�s�.�?� 
� � 

� � 

� � 

�A�n�i�a� 
�C�o�w� �n�u�m�b�e�r� �W�h�e�y� �C�a�s�e�i�n� 

�1� �0�.�9�8�4� �0�.�3�7�8� 
�2� �1�.�2�8�1� �0�.�4�5�5� 
�3� �1�.�0�1�9� �0�.�3�8�3� 
�4� �1�.�1�4�0� �0�.�2�9�1� 
�5� �0�.�9�9�0� �0�.�2�8�5� 
�6� �0�.�9�0�4� �0�.�2�4�0� 
�7� �0�.�6�2�3� �0�.�2�0�2� 
�8� �0�.�7�5�6� �0�.�3�0�3� 

�A�v�e�r�a�g�e� �0�.�9�6�2� �0�.�3�1�7� 
�S�D� �0�.�2�0�7� �0�.�0�8�3� 
� � 

�4�1�:�4�0�0� �c�o�a�t�i�n�g� �a�n�t�i�b�o�d�y�;� �1�:�4�0�0�0� �s�a�m�p�l�e�;� �1�:�2�0�0� 
�p�e�r�o�x�i�d�a�s�e� �c�o�n�j�u�g�a�t�e�.



�i�n�d�u�s�t�r�y�.� 

�4�.�2�.�2� �a�,�-�A�n�t�i�p�l�a�s�m�i�n� 

�T�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �a�5�-�M� �i�n� �b�o�v�i�n�e� �m�i�l�k� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�t�h�e� �o�t�h�e�r� �p�r�i�n�c�i�p�a�l� �i�n�h�i�b�i�t�o�r� �o�f� �t�h�e� �f�i�b�r�i�n�o�l�y�t�i�c� �s�y�s�t�e�m�,� 

�a�5�-�A�P�,� �m�i�g�h�t� �a�l�s�o� �b�e� �p�r�e�s�e�n�t�.� �H�o�w�e�v�e�r�,� �t�h�e� �o�n�l�y� 

�c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e� �a�n�t�i�s�e�r�a� �h�a�d� �b�e�e�n� �p�r�e�p�a�r�e�d� �a�g�a�i�n�s�t� 

�h�u�m�a�n� �p�l�a�s�m�a� �a�5 ��A�P�.� �M�o�r�e�o�v�e�r�,� �a�n�t�i�s�e�r�a� �p�r�e�p�a�r�e�d� �a�g�a�i�n�s�t� �t�h�e� 

�h�u�m�a�n� �p�l�a�s�m�i�n�-�a�.�-�A�P� �c�o�m�p�l�e�x� �w�a�s� �a�l�s�o� �a�v�a�i�l�a�b�l�e�.� �W�e� �d�i�d� �n�o�t� �2� 

�o�b�s�e�r�v�e� �a�n�y� �c�r�o�s�s�-�r�e�a�c�t�i�v�i�t�y� �b�e�t�w�e�e�n� �t�h�e�s�e� �h�u�m�a�n� �a�n�t�i�s�e�r�a� 

�a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �b�o�v�i�n�e� �a�n�t�i�g�e�n�s� �i�n� �D�I�D� �a�s�s�a�y� �u�s�i�n�g� 

�a�l�i�q�u�o�t�s� �o�f� �c�o�w� �s�k�i�m�m�i�l�k� �(�n�o�t� �s�h�o�w�n�)�.� �M�o�r�e�o�v�e�r�,� �n�e�g�a�t�i�v�e� 

�r�e�s�u�l�t�s� �w�e�r�e� �a�g�a�i�n� �o�b�t�a�i�n�e�d� �w�h�e�n� �a� �s�a�m�p�l�e� �o�f� �h�u�m�a�n� �m�i�l�k� �w�a�s� 

�u�s�e�d� �i�n� �t�h�e� �D�I�D� �a�s�s�a�y� �(�n�o�t� �s�h�o�w�n�)�.� �H�o�w�e�v�e�r�,� �w�h�e�n� �t�h�e� �m�o�r�e� 

�s�e�n�s�i�t�i�v�e� �S�R�I�D� �a�s�s�a�y� �w�a�s� �u�s�e�d�,� �h�u�m�a�n� �m�i�l�k� �p�r�o�d�u�c�e�d� �a� �l�i�g�h�t� 

�r�i�n�g� �i�n� �p�l�a�t�e�s� �c�o�n�t�a�i�n�i�n�g� �h�u�m�a�n� �a�n�t�i� �«�.�-�A�P�,� �a�s� �w�e�l�l� �a�s� �h�u�m�a�n� �2� 

�a�n�t�i�p�l�a�s�m�i�n�-�a�.�-�A�P� �c�o�m�p�l�e�x� �(�n�o�t� �s�h�o�w�n�)�.� �T�h�e�s�e� �p�r�e�c�i�p�i�t�i�n� 
�2� 

�r�i�n�g�s� �w�e�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �o�b�s�e�r�v�e� �b�e�c�a�u�s�e� �b�a�c�k�g�r�o�u�n�d� �s�t�a�i�n�i�n�g� 

�m�a�d�e� �t�h�e� �p�r�e�c�i�p�i�t�i�n� �r�i�n�g�s� �d�i�f�f�i�c�u�l�t� �t�o� �p�h�o�t�o�g�r�a�p�h�.� �H�o�w�e�v�e�r�,� 

�t�h�e�s�e� �r�e�s�u�l�t�s� �d�o� �p�r�o�v�i�d�e� �s�t�r�o�n�g� �e�v�i�d�e�n�c�e� �t�h�a�t� �a�4� �-�A�P� �o�c�c�u�r�s� 

�i�n� �h�u�m�a�n� �m�i�l�k� �b�o�t�h� �i�n� �t�h�e� �f�r�e�e� �f�o�r�m� �a�s� �w�e�l�l� �a�s� �c�o�m�p�l�e�x�e�d� 

�w�i�t�h� �p�l�a�s�m�i�n�.� �P�l�a�s�m�i�n� �s�h�o�u�l�d� �h�a�v�e� �a�v�a�i�l�a�b�l�e� �b�o�t�h� �a� �f�r�e�e� 

�l�y�s�i�n�e� �b�i�n�d�i�n�g� �s�i�t�e� �a�n�d� �a� �f�r�e�e� �a�c�t�i�v�e� �s�i�t�e�,� �t�o� �b�e� 

�i�n�a�c�t�i�v�a�t�e�d� �b�y� �a�-�A�P� �(�7�6�,�7�7�)�.� �T�h�u�s�,� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �b�o�t�h� 

�f�r�e�e� �a�.�-�A�P� �a�n�d� �f�r�e�e� �p�l�a�s�m�i�n� �i�n� �h�u�m�a�n� �m�i�l�k� �s�u�g�g�e�s�t�s� �t�h�a�t� �s�o�m�e� 

�o�f� �t�h�e� �p�l�a�s�m�i�n� �i�s� �p�r�o�t�e�c�t�e�d� �t�h�r�o�u�g�h� �i�n�t�e�r�a�c�t�i�o�n�s� �w�i�t�h� �o�t�h�e�r� 
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�m�i�l�k� �p�r�o�t�e�i�n�s�,� �s�u�c�h� �a�s� �c�a�s�e�i�n�,� �m�e�d�i�a�t�e�d� �b�y� �t�h�e� �p�l�a�s�m�i�n� 

�A�-�c�h�a�i�n�.� �P�l�a�s�m�i�n� �b�o�u�n�d� �t�o� �c�a�s�e�i�n� �m�a�y� �s�t�i�l�l� �r�e�t�a�i�n� �t�h�e� 

�a�b�i�l�i�t�y� �t�o� �a�c�t� �o�n� �o�t�h�e�r� �c�a�s�e�i�n� �m�o�l�e�c�u�l�e�s�,� �e�v�e�n� �i�n� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �a�5�-�A�P�.� 

�S�i�m�i�l�a�r� �e�x�p�e�r�i�m�e�n�t�s� �c�o�u�l�d� �n�o�t� �b�e� �c�o�n�d�u�c�t�e�d� �w�i�t�h� �b�o�v�i�n�e� 

�m�i�l�k� �b�e�c�a�u�s�e� �p�u�r�i�f�i�e�d� �b�o�v�i�n�e� �a�.�-�A�P� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�2� 

�a�n�t�i�s�e�r�a�,� �i�s� �n�o�t� �c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e�.� �H�o�w�e�v�e�r�,� �s�i�n�c�e� �b�o�t�h� 

�t�h�e� �b�o�v�i�n�e� �a�n�d� �h�u�m�a�n� �f�i�b�r�i�n�o�l�y�t�i�c� �s�y�s�t�e�m�s� �a�n�d� �m�i�l�k� �s�y�s�t�e�m�s� 

�a�r�e� �q�u�a�l�i�t�a�t�i�v�e�l�y� �s�i�m�i�l�a�r�,� �-�A�P� �i�s� �v�e�r�y� �l�i�k�e�l�y� �t�o� �a�l�s�o� �2� 
�o�c�c�u�r� �i�n� �b�o�v�i�n�e� �m�i�l�k�.� �I�f� �t�r�u�e�,� �t�h�e� �p�r�i�m�a�r�y� �r�o�l�e� �f�o�r� �a�.�-�M� �i�n� 

�t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� �m�a�y� �n�o�t� �b�e� �t�o� �f�u�n�c�t�i�o�n� �a�s� �a�n� �a�n�t�i�p�l�a�s�m�i�n� 

�(�t�h�a�t� �r�o�l�e� �b�e�i�n�g� �p�l�a�y�e�d� �b�y� �a�.�-�A�P�)� �b�u�t� �a�s� �a� �g�e�n�e�r�a�l� 
�2� 

�a�n�t�i�p�r�o�t�e�a�s�e�.� �T�h�i�s� �s�y�s�t�e�m� �w�o�u�l�d� �a�l�l�o�w� �p�l�a�s�m�i�n� �t�o� �m�a�i�n�t�a�i�n� 

�p�a�t�e�n�c�y� �o�f� �t�h�e� �m�a�m�m�a�r�y� �g�l�a�n�d� �w�h�i�l�e� �e�n�s�u�r�i�n�g� �t�h�a�t� �e�x�t�e�n�s�i�v�e� 

�t�i�s�s�u�e� �a�n�d� �p�r�o�t�e�i�n� �b�r�e�a�k�d�o�w�n� �d�o�e�s� �n�o�t� �o�c�c�u�r� �w�h�e�n� �a� �b�a�t�t�e�r�y� 

�o�f� �p�r�o�t�e�o�l�y�t�i�c� �e�n�z�y�m�e�s� �a�r�e� �r�e�l�e�a�s�e�d� �b�y� �l�e�u�c�o�c�y�t�e�s� �i�n� 

�r�e�s�p�o�n�s�e� �t�o� �m�a�m�m�a�r�y� �i�n�f�e�c�t�i�o�n�.� 

�B�o�t�h� �h�u�m�a�n� �«�a�«�-�M�,� �a�n�d� �a�,�-�A�P� �a�r�e� �k�n�o�w�n� �t�o� �i�n�h�i�b�i�t� �t�-�P�A� �2� �2� 

�a�n�d� �u�-�P�A� �(�8�3�,�8�4�,�1�0�7�,�1�2�5�)�.� �T�h�u�s�,� �h�i�g�h� �l�e�v�e�l�s� �o�f� �a�,�-�M� 

�d�e�t�e�c�t�e�d� �i�n� �b�o�v�i�n�e� �m�i�l�k� �(�T�a�b�l�e� �3�)� �m�i�g�h�t� �r�e�p�r�e�s�e�n�t� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �a�n�t�i�a�c�t�i�v�a�t�o�r� �p�o�t�e�n�t�i�a�l�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �a�5�-�A�P� �i�n� �b�o�v�i�n�e� �m�i�l�k� �o�n� �p�r�o�t�e�o�l�y�s�i�s� 

�m�e�d�i�a�t�e�d� �b�y� �e�n�d�o�g�e�n�o�u�s� �p�r�o�t�e�a�s�e�s� �i�s� �c�u�r�r�e�n�t�l�y� �n�o�t� �k�n�o�w�n�.� 

�H�o�w�e�v�e�r�,� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a�n� �E�L�I�S�A� �f�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� 

�q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a�,�-�A�P� �i�n� �v�a�r�i�o�u�s� �b�o�v�i�n�e� �m�i�l�k� �f�r�a�c�t�i�o�n�s�,� �a�s� �2� 

�w�e�l�l� �a�s� �d�u�r�i�n�g� �v�a�r�i�o�u�s� �s�t�a�g�e�s� �o�f� �l�a�c�t�a�t�i�o�n� �a�n�d� �d�u�r�i�n�g� 
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�m�a�s�t�i�t�i�c� �i�n�f�e�c�t�i�o�n�,� �m�a�y� �f�u�r�t�h�e�r� �t�h�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� 

�r�o�l�e� �o�f� �a ��-�A�P� �i�n� �m�i�l�k�.� �M�o�r�e�o�v�e�r�,� �s�i�n�c�e� �a�5�-�A�P� �i�s� �r�a�p�i�d�l�y� 

�i�n�a�c�t�i�v�a�t�e�d� �b�e�l�o�w� �p�H� �5�.�7� �(�7�2�)�,� �t�h�e� �p�r�o�t�e�o�l�y�t�i�c� �p�o�t�e�n�t�i�a�l� �o�f� 

�m�i�l�k� �w�h�o�s�e� �p�H� �i�s� �<� �5�.�7� �d�u�r�i�n�g� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �v�a�r�i�o�u�s� 

�c�h�e�e�s�e�s� �a�n�d� �c�u�l�t�u�r�e�d� �p�r�o�d�u�c�t�s� �m�a�y� �b�e� �a�l�t�e�r�e�d�.� 

�4�.�3� �A�C�T�I�V�A�T�O�R�S� �I�N� �M�I�L�K� 

�4�.�3�.�1� �C�o�l�o�r�i�m�e�t�r�i�c� �A�s�s�a�y� 

�T�h�e� �d�i�r�e�c�t� �a�s�s�a�y� �u�t�i�l�i�z�i�n�g� �S�P�E�C�-�U�K�,� �w�h�i�c�h� �i�s� �m�o�r�e� 

�s�p�e�c�i�f�i�c� �f�o�r� �u�-�P�A� �t�h�a�n� �t�-�P�A�,� �w�a�s� �n�o�t� �s�e�n�s�i�t�i�v�e� �e�n�o�u�g�h� 

�(�A�a�g�s�-�A�a�g�2� �w�a�s� �<� �.�0�5� �i�n� �s�a�m�p�l�e�s� �t�r�e�a�t�e�d� �w�i�t�h� �a�p�r�o�t�i�n�i�n�)� �t�o� 

�d�e�t�e�c�t� �a�c�t�i�v�a�t�o�r�s� �p�r�e�s�e�n�t� �i�n� �m�i�l�k�.� �T�h�u�s�,� �t�h�e� �c�o�u�p�l�e�d� �a�s�s�a�y�,� 

�w�h�i�c�h� �i�n�v�o�l�v�e�s� �d�e�t�e�c�t�i�o�n� �o�f� �p�l�a�s�m�i�n� �a�c�t�i�v�i�t�y� �r�e�l�e�a�s�e�d� �b�y� 

�a�c�t�i�o�n� �o�f� �e�n�d�o�g�e�n�o�u�s� �a�c�t�i�v�a�t�o�r�s� �o�n� �e�x�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n�,� 

�w�a�s� �u�s�e�d� �t�o� �d�e�t�e�c�t� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� 

�i�n� �m�i�l�k� �(�T�a�b�l�e� �5�)�.� �T�h�e� �m�e�a�n� �a�c�t�i�v�a�t�i�n�g� �p�o�t�e�n�t�i�a�l� 

�(�A�g�o�s�~�A�g�g�2�)� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �s�a�m�p�l�e�s� �o�f� �s�k�i�m�m�i�l�k� �w�a�s� �0�.�1�2�2� �i�n� 

�t�h�e� �p�r�e�s�e�n�c�e� �o�f� �b�o�t�h� �e�x�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n� �a�n�d� �S�F�P�.� 

�C�o�m�p�a�r�e�d� �t�o� �t�h�e� �v�a�l�u�e� �o�f� �0�.�0�5�4� �o�b�t�a�i�n�e�d� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� 

�b�o�t�h� �(�T�a�b�l�e� �5�)�,� �t�h�i�s� �v�a�l�u�e� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �e�n�d�o�g�e�n�o�u�s� 

�a�c�t�i�v�a�t�o�r�s� �p�r�e�s�e�n�t� �i�n� �b�o�v�i�n�e� �m�i�l�k� �d�o� �c�o�n�v�e�r�t� �e�x�o�g�e�n�o�u�s� 

�p�l�a�s�m�i�n�o�g�e�n� �t�o� �p�l�a�s�m�i�n�.� �S�u�f�f�i�c�i�e�n�t� �c�o�n�t�r�o�l�s� �w�e�r�e� �i�n�c�l�u�d�e�d� 

�t�o� �e�n�s�u�r�e� �t�h�a�t� �e�x�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n� �w�a�s� �n�o�t� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� 

�t�h�e� �r�e�l�e�a�s�e� �o�f� �t�h�e� �c�h�r�o�m�o�p�h�o�r�e� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �a�s�s�a�y�.� �T�h�e� 

�r�e�a�s�o�n� �t�h�a�t� �e�n�d�o�g�e�n�o�u�s� �a�c�t�i�v�a�t�o�r�s� �c�o�n�v�e�r�t� �e�x�o�g�e�n�o�u�s�,� �b�u�t� �n�o�t� 
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�T�a�b�l�e� �5�.� �C�o�l�o�r�i�m�e�t�r�i�c� �A�s�s�a�y� �f�o�r� �P�l�a�s�m�i�n�o�g�e�n� �A�c�t�i�v�a�t�o�r�s� 
�i�n� �B�o�v�i�n�e� �S�k�i�m�m�i�l�k�.�#� 
� � 

�T�r�e�a�t�m�e�n�t� 

�A�b�s�o�r�b�a�n�c�e� �(�A�n�g�s�5� �-� �A�g�g�2�)� 
� � 

�B�u�f�f�e�r� �u�-�P�A� 
� � 

�P�g�;� �S�F�P� 

�P�g� 
�S�F�P� 
�N�o�n�e� 

�0�.�1�2�2� �+�/�-� �0�.�0�2�8� 
�0�.�1�1�0� �+�/�-� �0�.�0�1�9� 
�0�.�0�5�4� �+�/�-� �0�.�0�2�3� 
�0�.�0�5�4� �+�/�-� �0�.�0�2�1� 

�1�.�5�8�7� �+�/�-� �0�.�9�5�0� 
�1�.�5�4�0� �+�/�-� �0�.�0�4�1� 
�0�.�2�4�9�°�¢� 
�0�.�2�3�6� �+�/�-� �0�.�1�0�5� 

� � 

�a�n� �=� �4�,� 
�b�T�9� �a�c�c�o�u�n�t� �f�o�r� �a�b�s�o�r�b�a�n�c�e� �d�u�e� �t�o� �t�u�r�b�i�d�i�t�y�,� �A�,�g� �9� �w�a�s� 

�s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �A�,�j�g�s�.� 
�C�n� �=� �2�.� 
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�e�n�d�o�g�e�n�o�u�s�,� �p�l�a�s�m�i�n�o�g�e�n� �i�s� �n�o�t� �i�m�m�e�d�i�a�t�e�l�y� �a�p�p�a�r�e�n�t�.� 

�E�n�d�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n� �m�a�y� �n�o�t� �b�e� �e�a�s�i�l�y� �a�c�c�e�s�s�i�b�l�e� �t�o� 

�e�n�d�o�g�e�n�o�u�s� �a�c�t�i�v�a�t�o�r�s� �a�n�d� �m�a�y� �i�n�t�e�r�a�c�t� �w�i�t�h� �o�t�h�e�r� �m�i�l�k� 

�p�r�o�t�e�i�n�s� �o�r� �w�i�t�h� �a�,�-�M� �o�r� �a�.�-�A�P� �i�n� �m�i�l�k� �(�T�a�b�l�e� �5�)�.� �H�o�w�e�v�e�r�,� �2� 

�e�x�o�g�e�n�o�u�s� �a�c�t�i�v�a�t�o�r�s�,� �s�u�c�h� �a�s� �u�-�P�A�,� �c�a�n� �a�c�t�i�v�a�t�e� �e�n�d�o�g�e�n�o�u�s� 

�4�0�5�7�4�9�2� �.�0�5�4�,� �a�n�d� �0�.�2�3�6�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �b�e�f�o�r�e� 

�a�n�d� �a�f�t�e�r� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �u�-�P�A�)�.� �C�o�n�t�r�o�l�s� �c�o�n�t�a�i�n�i�n�g� �o�n�l�y� 

�p�l�a�s�m�i�n�o�g�e�n� �(�A� 

�u�-�P�A� �a�n�d� �t�h�e� �s�u�b�s�t�r�a�t�e� �w�e�r�e� �u�s�e�d� �t�o� �s�h�o�w� �t�h�a�t� �t�h�e� �s�u�b�s�t�r�a�t�e� 

�w�a�s� �n�o�t� �h�y�d�r�o�l�y�z�e�d� �b�y� �e�x�o�g�e�n�o�u�s� �u�-�P�A� �(�A� �<� �.�0�2�9�)�.� �4�0�5�7�  ��4�9�2� 
�I�n�c�l�u�s�i�o�n� �o�f� �S�F�P� �i�n� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �m�i�x�t�u�r�e� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� 

�e�i�t�h�e�r� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �o�f� �e�x�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n� �(�0�.�1�2�2� �a�n�d� 

�0�.�1�1�0�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �a�n�d� �a�b�s�e�n�c�e� �o�f� �S�F�P�)� �o�r� 

�o�n� �a�c�t�i�v�a�t�i�o�n� �o�f� �e�n�d�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n� �(�0�.�0�5� �i�n� �b�o�t�h� �c�a�s�e�s�)� 

�(�T�a�b�l�e� �5�)�.� 

�S�o�l�u�b�l�e� �f�i�b�r�i�n� �p�r�o�d�u�c�t�s� �w�e�r�e� �i�n�c�l�u�d�e�d� �t�o� �e�n�h�a�n�c�e� �t�h�e� 

�a�c�t�i�v�i�t�y� �o�f� �f�i�b�r�i�n�-�d�e�p�e�n�d�e�n�t� �a�c�t�i�v�a�t�o�r�s� �(�t�-�P�A�)�.� �S�i�n�c�e�,� �S�F�P� 

�h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �l�e�v�e�l�s� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�i�o�n� 

�(�e�n�d�o�g�e�n�o�u�s�,� �a�n�d� �e�x�o�g�e�n�o�u�s�)� �(�T�a�b�l�e� �5�)�,� �v�e�r�y� �l�i�t�t�l�e� �t�-�P�A� 

�a�c�t�i�v�i�t�y� �m�a�y� �a�c�t�u�a�l�l�y� �b�e� �p�r�e�s�e�n�t� �i�n� �m�i�l�k�.� �A�l�t�e�r�n�a�t�i�v�e�l�y�,� 

�m�i�l�k� �p�r�o�t�e�i�n� �m�a�y� �s�a�t�i�s�f�y� �t�h�e� �f�i�b�r�i�n� �d�e�p�e�n�d�e�n�c�e� �o�f� �t�-�P�A� �b�y� 

�i�n�t�e�r�a�c�t�i�n�g� �w�i�t�h� �t�h�e� �t�w�o� �K�r�i�n�g�l�e�s� �(�a�s�s�u�m�i�n�g� �b�o�v�i�n�e� �t�-�P�A� �a�l�s�o� 

�h�a�s� �t�h�e� �s�a�m�e� �s�t�r�u�c�t�u�r�e� �a�s� �h�u�m�a�n� �t�-�P�A�)� �o�f� �t�h�e� �t�-�P�A� �h�e�a�v�y� 

�c�h�a�i�n�.� 

�E�x�o�g�e�n�o�u�s� �u�-�P�A� �a�l�s�o� �p�r�o�d�u�c�e�d� �a� �m�a�r�k�e�d� �i�n�c�r�e�a�s�e� �i�n� 

�o�p�t�i�c�a�l� �d�e�n�s�i�t�y� �w�h�e�n� �e�x�o�g�e�n�o�u�s� �p�l�a�s�m�i�n�o�g�e�n� �w�a�s� �p�r�e�s�e�n�t� 

�(�T�a�b�l�e� �5�)�.� �T�h�u�s�,� �e�x�o�g�e�n�o�u�s� �a�c�t�i�v�a�t�o�r�s� �c�a�n� �a�c�t�i�v�a�t�e� �e�x�o�g�e�n�o�u�s� 
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�p�l�a�s�m�i�n�o�g�e�n� �b�o�t�h� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �a�n�d� �a�b�s�e�n�c�e� �o�f� �S�F�P�.� 

�H�o�w�e�v�e�r�,� �l�e�v�e�l�s� �o�f� �a�,�-�M� �o�c�c�u�r�r�i�n�g� �i�n� �m�i�l�k� �w�i�l�l� �a�f�f�e�c�t� �t�h�e� 
�2� 

�e�x�t�e�n�t� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �c�o�n�v�e�r�s�i�o�n� �b�y� �u�-�P�A� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�a�b�i�l�i�t�y� �o�f� �p�l�a�s�m�i�n� �t�o� �a�c�t� �o�n� �o�t�h�e�r� �m�i�l�k� �p�r�o�t�e�i�n�s� �(�a�s� �o�p�p�o�s�e�d� 

�t�o� �s�m�a�l�l� �s�u�b�s�t�r�a�t�e�s�)�.� 

�4�.�3�.�2� �C�o�-�p�o�l�y�m�e�r�i�z�e�d� �G�e�l� �E�l�e�c�t�r�o�p�h�o�r�e�s�i�s� 

�C�o�-�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �p�l�a�s�m�i�n�o�g�e�n� �a�n�d� �g�e�l�a�t�i�n� �i�n� �a�n� 

�e�l�e�c�t�r�o�p�h�o�r�e�t�i�c� �g�e�l� �m�a�t�r�i�x� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�c�t� �a�n�d� �f�u�r�t�h�e�r� 

�i�d�e�n�t�i�f�y� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� �w�h�i�c�h� �o�c�c�u�r� �i�n� �m�i�l�k�.� 

�U�l�t�r�a�p�u�r�e� �S�D�S� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �a�l�l� �g�e�l�s� �t�o� �r�e�v�e�r�s�i�b�l�y� 

�i�n�h�i�b�i�t� �a�l�l� �p�r�o�t�e�a�s�e�s� �a�n�d� �t�o� �d�i�s�s�o�c�i�a�t�e� �e�n�z�y�m�e�-�i�n�h�i�b�i�t�o�r� 

�c�o�m�p�l�e�x�e�s� �(�e�l�i�m�i�n�a�t�i�n�g� �i�n�t�e�r�f�e�r�e�n�c�e� �b�y� �i�n�h�i�b�i�t�o�r�s�)�.� �T�h�u�s�,� 

�l�o�w� �l�e�v�e�l�s� �o�f� �a�c�t�i�v�a�t�o�r� �c�a�n� �b�e� �d�e�t�e�c�t�e�d� �e�v�e�n� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �i�n�h�i�b�i�t�o�r�s�.� �A�c�t�i�v�a�t�o�r�s� �p�r�e�s�e�n�t� �i�n� �s�a�m�p�l�e�s� �w�i�l�l� 

�c�o�n�c�e�n�t�r�a�t�e� �i�n� �n�a�r�r�o�w� �b�a�n�d�s� �d�u�r�i�n�g� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�.� �A�f�t�e�r� 

�S�D�S� �r�e�m�o�v�a�l� �f�r�o�m� �g�e�l�s� �(�b�y� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �T�r�i�t�o�n� �X�-�1�0�0�,� �w�h�i�c�h� 

�a�l�s�o� �s�t�a�b�i�l�i�z�e�s� �t�h�e� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s�)� �a�n�y� �a�c�t�i�v�a�t�o�r� 

�p�r�e�s�e�n�t� �w�o�u�l�d� �r�e�n�a�t�u�r�e� �a�n�d� �m�a�y� �b�e� �e�x�p�e�c�t�e�d� �t�o� �a�c�t�i�v�a�t�e� 

�p�l�a�s�m�i�n�o�g�e�n� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �g�e�l� �m�a�t�r�i�x�.� �P�l�a�s�m�i�n� �w�o�u�l�d� 

� � 

�t�h�e�n� �h�y�d�r�o�l�y�z�e� �t�h�e� �i�n� �s�i�t�u� �s�u�b�s�t�r�a�t�e�,� �g�e�l�a�t�i�n�.� �T�h�u�s�,� �w�h�e�n� 

�g�e�l�s� �a�r�e� �s�t�a�i�n�e�d� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �d�e�s�t�a�i�n�e�d�,� �c�l�e�a�r� �z�o�n�e�s� �o�f� 

�l�y�s�i�s� �w�o�u�l�d� �a�p�p�e�a�r� �w�h�e�r�e� �a�c�t�i�v�e� �p�r�o�t�e�a�s�e�s� �a�r�e� �p�r�e�s�e�n�t�.� �T�h�i�s� 

�e�l�e�c�t�r�o�p�h�o�r�e�t�i�c� �p�r�o�c�e�d�u�r�e� �a�l�s�o� �a�l�l�o�w�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� 

�b�e�t�w�e�e�n� �t�w�o� �o�r� �m�o�r�e� �a�c�t�i�v�a�t�o�r�s� �p�r�e�s�e�n�t� �i�n� �m�i�l�k� �s�i�n�c�e� �e�a�c�h� 

�w�i�l�l� �a�p�p�e�a�r� �a�s� �s�e�p�a�r�a�t�e�,� �d�i�s�t�i�n�c�t� �b�a�n�d�s� �b�a�s�e�d� �o�n� �s�e�p�a�r�a�t�i�o�n� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� �5�8



�d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� 

�A�l�l� �m�i�l�k� �s�a�m�p�l�e�s� �p�r�o�d�u�c�e�d� �c�l�e�a�r� �z�o�n�e�s� �o�f� �l�y�s�i�s� �i�n�a� 

�b�a�n�d� �c�o�-�m�i�g�r�a�t�i�n�g� �i�n� �t�h�e� �3�0� �k�D� �r�a�n�g�e� �(�F�i�g� �3�)�.� �L�o�w� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �h�u�m�a�n� �u�-�P�A� �a�l�s�o� �p�r�o�d�u�c�e�d� �s�i�m�i�l�a�r� �l�y�s�i�s� �z�o�n�e�s� �(�F�i�g� �3�)�.� 

�W�h�e�n� �c�o�p�o�l�y�m�e�r�i�z�e�d� �p�l�a�s�m�i�n�o�g�e�n� �w�a�s� �e�l�i�m�i�n�a�t�e�d� �f�r�o�m� �t�h�e� �g�e�l� 

�m�a�t�r�i�x�,� �n�o� �z�o�n�e�s� �o�f� �l�y�s�i�s� �c�o�u�l�d� �b�e� �d�e�t�e�c�t�e�d� �i�n� �e�i�t�h�e�r� �m�i�l�k� 

�s�a�m�p�l�e�s� �o�r� �c�o�n�t�r�o�l�s� �(�F�i�g� �4�)�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� 

�b�o�v�i�n�e� �m�i�l�k� �c�o�n�t�a�i�n�s� �o�n�e� �c�l�a�s�s� �o�f� �a�c�t�i�v�a�t�o�r�s� �w�h�i�c�h� �a�r�e� 

�p�r�o�b�a�b�l�y� �a�n�a�l�o�g�o�u�s� �t�o� �h�u�m�a�n� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �u�-�P�A� �(�M�W� 

�3�1�.�5� �k�D�)�.� �N�o� �l�y�s�i�s� �z�o�n�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �r�a�n�g�e� �e�x�p�e�c�t�e�d� �f�o�r� �t�-�P�A� �(�h�u�m�a�n� �t�-�P�A� �h�a�s� �a� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �o�f� �5�7�-�6�9� �k�D�)�.� �T�h�i�s� �o�b�s�e�r�v�a�t�i�o�n� �w�o�u�l�d� �a�p�p�e�a�r� �t�o� 

�s�u�p�p�o�r�t� �t�h�e� �f�a�i�l�u�r�e� �o�f� �S�F�P� �t�o� �e�n�h�a�n�c�e� �p�l�a�s�m�i�n�o�g�e�n� 

�a�c�t�i�v�a�t�o�r�s� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �c�o�l�o�r�i�m�e�t�r�i�c� �a�s�s�a�y� 

�(�T�a�b�l�e� �5�)�.� �H�o�w�e�v�e�r�,� �a�l�t�h�o�u�g�h� �p�l�a�s�m�i�n�o�g�e�n� �a�c�t�i�v�a�t�o�r�s� 

�S�i�m�i�l�a�r� �t�o� �u�-�P�A� �w�o�u�l�d� �a�p�p�e�a�r� �t�o� �b�e� �t�h�e� �p�r�i�m�a�r�y� �s�o�u�r�c�e� �o�f� 

�a�c�t�i�v�i�t�y�,� �g�e�l�s� �w�i�t�h� �c�o�p�o�l�y�m�e�r�i�z�e�d� �p�l�a�s�m�i�n�o�g�e�n� �a�l�s�o� �c�o�n�t�a�i�n�e�d� 

�o�t�h�e�r� �c�l�e�a�r� �z�o�n�e�s� �o�f� �l�y�s�i�s� �w�h�i�c�h� �w�e�r�e� �t�o�t�a�l�l�y� �a�b�s�e�n�t� �i�n� �g�e�l�s� 

�n�o�t� �c�o�n�t�a�i�n�i�n�g� �p�l�a�s�m�i�n�o�g�e�n� �(�F�i�g�s� �3�,�a�n�d� �4�)�.� �T�h�e�s�e� �l�y�s�i�s� 

�z�o�n�e�s� �s�h�o�u�l�d� �n�o�t� �b�e� �d�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�t�r�e�p�t�o�k�i�n�a�s�e� �a�n�d� 

�s�t�a�p�h�y�l�o�k�i�n�a�s�e� �w�h�i�c�h� �a�r�e� �k�n�o�w�n� �t�o� �b�e� �i�n�a�c�t�i�v�e� �t�o�w�a�r�d�s� �b�o�v�i�n�e� 

�p�l�a�s�m�i�n�o�g�e�n� �(�5�9�,�6�3�)�.� �I�f� �t�h�e� �z�o�n�e�s� �o�f� �l�y�s�i�s� �o�b�s�e�r�v�e�d� �i�n� 

�p�l�a�s�m�i�n�o�g�e�n� �c�o�n�t�a�i�n�i�n�g� �g�e�l�s� �w�a�s� �d�u�e� �t�o� �o�t�h�e�r� �e�n�d�o�g�e�n�o�u�s� 

�p�r�o�t�e�a�s�e�s� �(�l�i�k�e� �t�r�y�p�s�i�n�)� �o�r� �b�a�c�t�e�r�i�a�l� �p�r�o�t�e�a�s�e�s�,� �s�i�m�i�l�a�r� 

�z�o�n�e�s� �s�h�o�u�l�d� �a�l�s�o� �b�e� �o�b�s�e�r�v�e�d� �i�n� �g�e�l�s� �w�h�i�c�h� �d�o� �n�o�t� �c�o�n�t�a�i�n� 

�p�l�a�s�m�i�n�o�g�e�n�.� �T�h�e�s�e� �a�d�d�i�t�i�o�n�a�l� �z�o�n�e�s� �o�f� �l�y�s�i�s� �w�o�u�l�d� �a�p�p�e�a�r� 
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�F�i�g�u�r�e� �3�.� �D�e�t�e�c�t�i�o�n� �a�n�d� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �P�l�a�s�m�i�n�o�g�e�n� 

�A�c�t�i�v�a�t�o�r�s� �a�n�d� �P�r�o�t�e�a�s�e�s� �i�n� �B�o�v�i�n�e� �S�k�i�m�m�i�l�k�.� �G�e�l� �c�o�n�t�a�i�n�e�d� 

�1�0�%� �a�c�r�y�l�a�m�i�d�e�,� �0�.�1�%� �u�l�t�r�a�p�u�r�e� �S�D�S�,� �1�5� �W�H�O� �U�n�i�t�s� 

�c�o�-�p�o�l�y�m�e�r�i�z�e�d� �b�o�v�i�n�e� �p�l�a�s�m�i�n�o�g�e�n�,� �a�n�d� �0�.�1�%� �c�o�-�p�o�l�y�m�e�r�i�z�e�d� 

�g�e�l�a�t�i�n�.� �L�a�n�e�s� �1�,� �2�,� �3�,� �4�,� �a�n�d� �8�,� �9�,� �1�0�,� �1�1� �c�o�n�t�a�i�n�e�d� �2�0� 

�U�l�,� �a�n�d� �1�0� �u�l�,� �r�e�s�p�e�c�t�i�v�e�l�y� �o�f� �s�k�i�m�m�i�l�k� �f�r�o�m� �f�o�u�r� �h�e�a�l�t�h�y� 

�c�o�w�s�.� �L�a�n�e�s� �6� �a�n�d� �7�,� �1�0� �u�l� �s�k�i�m�m�i�l�k� �f�r�o�m� �t�w�o� �o�t�h�e�r� �h�e�a�l�t�h�y� 

�c�o�w�s�.� �L�a�n�e� �5�,� �2� �P�l�o�u�g�h� �U�n�i�t�s� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �h�u�m�a�n� 

�u�-�P�A�.� �L�a�n�e� �1�2�,� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �s�t�a�n�d�a�r�d�s� �(�P�h�o�s�p�h�o�r�y�l�a�s�e� �b�,� 

�B�S�A�,� �O�v�a�l�b�u�m�i�n�,� �C�a�r�b�o�n�i�c� �a�n�h�y�d�r�a�s�e�,� �S�B�T�I�,� �a�-�L�a�c�t�a�l�b�u�m�i�n�)�.� 

�G�e�l� �w�a�s� �w�a�s�h�e�d�,� �i�n�c�u�b�a�t�e�d�,� �s�t�a�i�n�e�d�,� �a�n�d� �d�e�s�t�a�i�n�e�d� �a�s� 

�d�e�s�c�r�i�b�e�d� �i�n� �M�a�t�e�r�i�a�l�s� �a�n�d� �m�e�t�h�o�d�s�.� 
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