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The interactions of a series of new ftuorescent probes (PMA-1A, PMA-2A and PMA-3A) 

and natural products (berberine and piperine) were studied with proteins by spectroscopic 

methods, photocleavage and docking description. In this study, avidin and lysozyme were 

successfully cleaved with high specificity and efficiency after irradiation of the mixture 

solution of protein with the photochemical reagents (PMA-1A, PMA-2A, PMA-3A and 

berberine), in the presence of Co(NH3)6CI3 (CoHA) as an electron acceptor. However, the 

cleavage was not observed with piperine. N-terminal sequencing of the peptide fragments 

indicated a major cleavage site of avidin between Thr 77 and Val 78, and Trp108 and 

Val109 of lysozyme. Strong binding interaction was observed from binding studies using 

spectroscopic methods. Upon binding to the protein, spectral changes, such as 

hyperchromism and hypochromism were observed. The binding of a series of new 

fluorescent probes to both proteins (avidin and lysozyme) resulted in observable 

hypochromism, while binding of berberine to both proteins resulted in observable 

hyperchromism of the absorption spectrum. Moreover, bathochromic shift of the absorption 

peak positions of PMA-3A were also observed with isosbestic points at 328, 333, and 344 nm. 

The binding constants (~) in the range of 105 M-1 were obtained for atl photochemical 

reagents with avidin and lysozyme, indicating high binding affinity. The fluorescence 

quenching of a series of new fluorescent probes, in the absence and presence of the 

protein, by an electron acceptor (Co(NHa16~) showed no significant changes in the Ksv 
values (Stern-Volmer quenching constant). indicating that the binding sites of the probes 

were near the hydrophilic sites on both proteins, which made the fluorophore accessible for 

CoHA to quench. Molecular docking study indicated that all photochemical reagents were 

bound with polar amino acid residues and nonpolar amino acid residues of both proteins by 

hydrogen bonding interaction with donor-acceptor within the distance of less than 5 A in the 

minimum of binding free energy. Molecular docking results have supported the overall 

experimental results from photocleavage and spectroscopic studies. 
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CHAPTER 1 

Introduction 

Background 

The development of photochemical reagents to cleave protein at specific site has 

been of interest in molecular biology. Because of the stability of the peptide bond, which 

uncatalyzed hydrolysis of peptide bonds is extremely slow (half-life of peptide bond 

about 350-600 years at room temperature and neutral pH (Radzicka; & Wolfenden. 

1996: 6105-6109). These photochemical reagents can be useful for converting larger 

protein into smaller fragments that are amenable for amino acid sequencing, understanding 

protein-ligand interactions, structure-activity stUdies of protein and investigation of protein 

structural domains (Rana; & Meares. 1991: 1859-1861). In addition. these photochemical 

reagents may be of interest for investigating drug binding sites in proteins and design of 

novel therapeutic drugs (Hegg; et al. 1999: 2961-2968). 

The reaction of protein cleavage can be activated by two types of reaction: 

photoreaction and thermalreaction. However, using light as an activator in the photoreaction 

has many advantages, such as convenient, inexpensive, easy to control and minimizing 

side reactions. Moreover, the visible light is nontoxic. In particular, UV light can be used to 

activate fluorescent probes at ground state to excited state and then generates free radicals 

by an electron acceptor. This process is called as photolysis. The generated free radicals 

can then result in breaking peptide bonds. Cobalt(lII) hexammine chloride (CoHA) has been 

used as an electron acceptor in many researches for several reasons, such as high 

solubility in water, low affinity for binding to proteins and chemical stability. 

Many researchers have taken the advantages of the properties of the fluorescent 

probes for the development of new synthesized photochemical reagents. For example, 

site-specific photocleavage of bovine serum albumin (BSA) (Leu346-Arg347) and chicken 

egg-white lysozyme (lysozyme) (Trp1 08-Val 1 09) by N-(1-phenylalanine)-4(1-pyrene) 

butyramide (Py-Phe) (Kumar; et al. 1997: 2085) was achieved. This photochemical 

reagents bound to both proteins with high affinities (2.2 ± 0.3 x 105 M-1 with BSA and 

6.5 ± 0.4 x 107 M-1 with lysozyme) (Kumar; et al. 1998: 10361). Moreover, derivatives of 

Py-Phe, Py-(GIY)n-Phe (n=O, 1, 2) (Kumar; et al. 1999: 4202), cleaved lysozyme at 2 

positions: between Trp108-Val109 (major cleavage site) and between Ala110-Trp111 
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(minor cleavage site). The efficiency of photocleavage of lysozyme decreased when the 

linker length of Py-(GIY)n-Phe increased. In addition, avidin was also cleaved (Thr77-VaI78) 

by Py-biotin (Malaikeaw; et al. 2011: 251-255). The photocleavage of proteins was achieved 

upon irradiation of a mixture of protein, fluorescent probe and an electron acceptor (CoHA) 

at the maximum absorption ("-max> of the fluorescent probe (340-350 nm). The cleavage of 

protein was not achieved in the absence of either fluorescent probe, an electron acceptor or 

light. The mechanism of protein cleavage was found to be quenching of the singlet excited 

state of the pyrenyl chromophore by CoHA resulting to pyrene cation radical. Therefore, 

this pyrene cation radical was responsible for the cleavage of the peptide backbone 

(Kumar; et. AI. 2002: 5810-5815). 

In this study, we focus on the development of new synthetized photochemical 

reagents by coupling fluorescent probes with the ability of a recognition element to 

selectively bind to specific sites on proteins. Pyrene is chosen for this study due to its 

strong absorption bands in the near visible region with long lived (-100 ns) and high energy 

( .... 70 kcallmoJ) singlet excited state, thus, making it convenient to initiate the photoreaction 

to occur. Moreover, pyrene is hydrophobic, thus it may have high binding affinity to 

hydrophobic sites of proteins. However, we also interest in using other compounds, such as 

natural products, for more friendly to environment. 

Therefore, the development of new synthesized photochemical reagents and natural 

products were focused in this research. The interactions between proteins and these 

reagents were studied using UV-Vis, fluorescence, gel electrophoresis and docking 

methods. 

Objectives of the study 

1. To design and synthesize new photochemical reagents. 

2. To study binding interaction between proteins and new photochemical reagents, 

derived from synthetic and natural products. 

3. To study protein photoc\eavage by new photochemical reagents and natural products. 

4. To optimize conditions for high efficiency protein cleavage. 

5. To study the binding position of new photochemical reagents and natural products 

with the target protein by molecular docking. 
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Significance of the study 

1. Know binding constants of new photochemical reagents and natural products to protein. 

2. Know the appropriate conditions of photocleavage reaction. 

3. Know the amino acid sequences derived from protein cleavage. 

4. Know the binding positions on the protein. 

Scope of the study 

1. Synthesize new photochemical reagents. 

2. Study the binding interaction and fluorescence quenching between proteins and new 

photochemical reagents, derived from synthetic and natural products by spectroscopic methods. 

3. Study the protein photocleavage by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SOS-PAGE). 

4. Find amino acid sequence derived from protein cleavage. 

5. Study the binding positions of new photochemical reagents and natural products on 

the protein binding site by molecular docking. 



CHAPTER 2 

Theory and related research 

In this study, photochemical reagents were designed for binding study of small 

molecules with proteins. The binding interactions were investigated using UV-Vis, 

fluorescence, gel electrophoresis and docking description. General information and related 

research on topics are listed as following: 

1. Amino acids 

2. Proteins 

3. Electrophoresis 

4. Amino acid sequencing analysis 

5. Spectroscopic methods 

5.1 UV-Vis spectroscopy 

5.2 Fluorescence spectroscopy 

6. Computational chemistry 

7. Related research 

1. Amino acid 

Amino acids are the basic structure of the proteins which are important 

components in all organisms. An amino acid composes of an amino group (-NH2), a 

carboxyl group (-COO H) , a hydrogen (-H) and a side chain (-R). These groups are 

connected to a central carbon, called a-carbon. The side chain of the amino acid makes 

amino acid different from each other (Figure 1). 

IH-~~~OHI 
Amino .J.,... ""- c..mOxyliC Acid 

Group 11(1 '" Group 
Side Cb.i" a - corbo1l 

Figure 1 Basic structure of Amino acid in un-ionized form. 

Source: Nelson, D.L.; & Cox, M.M. (2000). LehningerPrinciples of Biochemistry. 
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If an amino acid is dissolved in a neutral pH solution, it will be in dipolar ions form 

(zwitterions) rather than in the unionized form. If an amino acid is dissolved in an acid 

solution at pH 2, the carboxylic group will be in un-ionized form (-COOH) and ionized form 

(-COO-). If an amino acid is dissolved in an alkaline solution at pH 9, the amine group will 

be in unionized form (-NH2) and ionized form (-NH3+) (Figure 2). 

c o 
-; ,,., .. ' c • v 
C 
o v 

/" 801h groups 
" protonated 

4 6 
pH 

'-.... Both groups 
deprotonate1f 

12 14 

Figure 2 Amino acid ionization state as a function of pH. 

Source: Berg, J.M.; Tymoczko, J.L; & Stryer, L (2012). Biochemistry. 

There are twenty kinds of amino acid which can be divided to 4 types; polar 

uncharged amino acids, nonpolar amino acids, aromatic amino acids and electrically 

charged amino acids, each identified by the variable side chain (-R groups) bonded to the 

<X.-carbon. 

1. Polar uncharged amino acids (serine, threonine, cysteine, asparagine, 

glutamine) are hydrophilic and can form hydrogen bonds (Figure 3a). 

2. Nonpolar amino acids (glycine, alanine, proline, valine, leucine, isoleucine, 

methionine) are hydrophobic and usually found in the center of the protein (Figure 3b). 

3. Aromatic amino acids (phenylalanine, tyrosine, tryptophan) contain aromatic rings 

and can absorb light that show the signals in the near-UV region (250-300 nm) (Figure 3c). 

4. Electrically charged amino acids can be divided to 2 types; positively charged 

amino acids (lysine. arginine. and histidine) and negatively charged amino acids (aspartic 

acid, glutamic acid). Electrical properties of these amino acids can change depending on 

the pH of the solution (Figure 3d). 
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Figure 3 The twenty kinds of amino acid different side chains. 

Source: Nelson, D.L; & Cox, M.M. (2013). Lehninger Principles of Biochemistry. 
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The four groups attached to the chiral carbon center are chemically different for all 

amino acids, which can exist in two different forms (L-form or D-form), except glycine. 

Looking down the hydrogen atom away from the viewer, if the handle of the COOH to R to 

NH2 groups around the chiral carbon atom is counter-clockwise, then it is the L-form. If the 

handle is clockwise, it is the D-form. Two mirror images of a chiral molecule are called 

enantiomers (Figure 4). 

Lisomer o isomer 

Figure 4 D-form and L-form of amino acid. 

Source: Berg, J.M.; Tymoczko, J.L; & Stryer, L (2012). Biochemistry. 
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Essential amino acids are amino acids that cannot be synthesized by the organism. In 

human, the essential amino acids are phenylalanine, valine, threonine, tryptophan, 

methionine, leucine, isoleucine, lysine, arginine'" and histidine'" ("'Essential for children, but not 

necessary for adults) (Table 1). These amino acids can be obtained from food. 

Table 1 Amino acid requirements in humans. 

Essential amino acid 

phenylalanine 

valine 

threonine 

tryptophan 

methionine 

leucine 

isoleucine 

lysine 

arginine'" 

histidine'" 

Non-Essential amino acid 

alanine 

asparagine 

aspartate 

cysteine 

glutamate 

glutamine 

glycine 

proline 

serine 

tyrosine 

Source: Young, V.R. (1994). Adult Amino Acid Requirements: The Case for a Major 

Revision in Current Recommendations. p. 15185. 

2. Protein 

Each protein has unique amino acid sequence. An amino acid combines chemically 

with one another by a condensation reaction that bonds the carboxyl group (COOH) of one 

molecule to the amino group (NH2 ) of another, causing the release of a molecule of water. 

The covalent carbon to nitrogen bond linking two amino acids is a peptide bond (Figure 5). 

The peptide can be divided to two types by the number of amino acids; oligopeptide and 

polypeptide. The oligopeptide is a peptide consisting of two to ten amino acids. The two 

jOined amino acids are called a dipeptide. The polypeptide is a peptide that consists of 

more than 10 amino acids. A protein consists of one or more polypeptide chains. Each 

polypeptide has a free amino group or N-terminus at one end and a free carboxyl group or 

C-terminus at the opposite end. 



Peptide Bond 

H H 0 H H 0 

'" I ~ '" I ~ N -c-c + N -c-c 
H/"I '" 0 H H/"I '" OH 

Amino 
terminus 

R R 

Dehydration 
Reaction ~ H,O 

H H 0 H 0 

"'N -b_~-N -b-c?' 
/" I I I "'OH H H R R 

Peptide group 
CarbollY 
terminus 

Figure 5 Peptide bond of amino acid. 

Source: Moran, L.A.; et al. (2012). Principles of Biochemistry. 
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The principal roles of protein in the body are enzymes, muscle contraction, 

immunity, hormones, transport and energy. The protein structure is divided to 4 levels. 

1. Primary structure is a linear sequence of amino acids in the polypeptide chain, 

consisting of 50 to 100 amino acids units (Figure 6a). 

2. Secondary structure is highly regular. The two most common types of secondary 

structure are a-helix and J3-pleated sheet. The helical structure is determined and maintained 

by the formation of intra-chain hydrogen bonds between a carboxyl group on peptide bond of 

an amino acid and the amino group on peptide bond of next 4 positions of amino acids in 

successive turns of the spiral coil. The R group of the amino acid is facing on the outside of 

the spiral. The a-helix is the most stable structure of a spiral structure. The hydrogen 

bonding in a (3-pleated sheet takes place between a carboxyl group of an amino acid of a 

polypeptide chain and amino group of different polypeptide chain (Figure 6b). 

3. Tertiary structure is the overall shape of a protein molecule. This 3D structure is 

determined by 4 main factors that involve interactions among R group belonging to the 

same polypeptide chain. These include both weak interactions, such as hydrogen bonds, 

ionic bonds, hydrophobic interactions, and strong covalent bonds (Figure 6c). 
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4. Quaternary structure is th~ resulting 3D structure of a protein with more than 

one polypeptide chain. The same types of interactions that produce secondary and tertiary 

structures also contribute to quaternary structure. For example, hemoglobin consists of 574 

amino acids arranged in 4 polypeptide chains, 2 identical chains called a-chains and 2 

identical chains called a-chains. (Figure Sd). 

rB LEVELS OF PROTEIN STRUCTURE 
Primary Structure 

Figure 6 The 4 levels of protein structure. 

Source: Protein Structure. (2009). (online). 

3. Electrophoresis 

Electrophoresis is a separation technique of biomolecules under an electric field. 

Proteins contain of many ionizable groups on the side chains, amino- and carboxyl­

terminus of amino acids. Therefore, protein has a net charge that depends on the numbers 

and identities of the charged amino acids, and on the pH. Ion compounds will move to the 

opposite charge of the electrode with different speed based on the physical properties of 
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molecules (Figure 7). The speed of movement of the molecules (V, ms-1
) can be calculated 

by equation 1. 

v = ExZ -[1] 

f 

Where, E is the electric field (Volt m-1
). 

Z is the net charge of the molecule. 

f is the frictional coefficient (kg S-1). 

The frictional coefficient (f) can be calculated by equation 2. It depends on the size 

and shape of the molecule, with the radius of the sphere molecule (r) moving through a 

viscous medium (1]). 

f = -[2] 

o 

Figure 7 The movement of ion compounds to the electrode. 

Separation of biomolecules by means of electrophoresis mainly uses an 

intermediate gel. The intermediate gel used to separate proteins is polyacrylamide gel. 

Polyacrylamide gel is prepared by polymerization reaction, resulting from the combination of 

acrylamide (Figure 8a) and N,N'-methylenebisacrylamide (Figure 8b).By using N,N,N',N'­

tetramethylethylenediamine (TEMED) (Figure 8c) as catalyst, the sulfate radicals (S04"') 

from ammonium persulfate «NH4kS20S) will be generated in gel solution, causing to form a 

gel (Figure 9). 



11 

@] ~ 
H H CH3 N N I 

H2C~ ""-.,/ ~CH2 HC .. N~N .. CH3 
0 0 3 I 

CH3 
acrylamide N,N'-methleneblsacrylamlde TEMED 

Figure 8 The structure of acrylamide, N,N'-methylenebisacrylamide, TEMEO. 

Source: The Chemical Structure of Acrylamide, N,N' -methylenebisacrylamide and 

N,N,N',N'-tetramethylethylenediamine. (2015). (online). 
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Figure 9 Polymerization reaction of polyacrylamide gel. 

Source: Hames, B.D.; & Rickwood, O. (1990). Gel Electrophoresis of Proteins: A 

Practical Approach. pp. 3-5. 

Separation of proteins by polyacrylamide gel depends on the pore size of the gel. The 

pore size of the gel is influenced by the total concentration of polyacrylamide in the 

polymerization mixture. If the concentration of poIyaayIamide increases, pore size will decrease. 

The appropriate concentrations of polyacrylamide gel for separating the proteins are shown in 

Table 2. The composition of polyacrylamide gel is described by two parameters, %T and %C. 

The % T value is the total concentration of acrylamide plus N,N~ylenebisacrylamide (%w/v). 

%C is the percentage of crosslinking agent (N,N'-methylenebisacrylamide) (%w/v). The both 

parameters can be calculated by equations 3 and 4. 
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%T = (a + b) x 100 

V 

-[3] 

Where, a 

b 

V 

is 

is 

is 

%C = b x 100 

(a + b) 

the weight of acrylamide (g). 

the weight of N,N'-methylenebisacrylamide (g). 

-[4] 

the total volume of polyacrylamide mixture solution (ml). 

Table 2 The appropriate concentrations of polyacrylamide gel for separating the proteins. 

Concentrations of polyacrylamide gel (%w/v) 

3.5 

5.0 

8.0 

12.0 

15.0 

20.0 

Molecular weights of proteins (kOa) 

> 1000 

300-1000 

50-300 

10-80 

5-30 

Source: Sheehan, D.; (2000). Physical Biochemistry. 

The movement of protein in the gel when connecting to electrode depends on the 

different structures and net charges of proteins. Therefore, proteins must be denatured by 

sodium dodecyl sulfate (SOS) (Figure 10a) in loading buffer solution to unfold the protein 

structure. Sodium dodecyl sulfate contains both polar and non-polar groups. The non-polar 

group of SOS will bind with protein, in the ratio of one molecule of SOS to two amino acids. 

Tail of the SOS molecule is negative. These negative charges push themselves, resulting in 

the released structure of proteins (Figure 10b). The protein will have net negative charge 

after binding to SOS. Therefore, the separation will depend only on the size of the protein, 

and will not depend on the charge. 



q,,,o 
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Figure 10 (a) The chemical structure of sodium dodecyl sulfate (SOS), which both polar and 

non-polar groups (b) The SOS molecules coat the protein with negative charges. 

Source: Structure of Sodium Oodecyl Sulfate. (2015). (online). 

In addition, the proteins mixture will be denatured by heating at 100°C for 3 min in 

loading buffer. The presence of excess SOS and reducing agent in loading buffer causes 

the cleavage of disulfide bonds (-RS-SR-) to sulfhydryl group (-RSH) in proteins, resulting in 

the released structure of proteins. The 2-mercaptoethanol (Figure 11a) and dithiothreitol 

(OTT) (Figure 11 b) are widely used as reducing agents. 

2-mercaptoethanol 

OH 

HS~SH 
OH 

dithiothreitol (OTT) 

Figure 11 The structures of 2-mercaptoethanol and dithiothreitol. 

Source: The structure of 2-mercaptoethanol and dithiothreitol (OTT). (2015). (online). 
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For separation of smaller proteins, mcine (Figure 12a) can be used instead of 

glycine (Figure 12b) to obtain better separation. This method is called Tricine-SOS-PAGE. 

The efficiency of separation by Tricine-SOS-PAGE is better than by Glycine-SOS-PAGE due 

to the differences of pKa values and ionic strength (Figure 13). 

~ 
HO\..--~ ~ 
~~OH 

HO OH 
tricine glycine 

Figure 12 The structures of tricine and glycine. 

Source: Good, N.E.; et al. (1966). Hydrogen ion Buffers for Biological Research. p. 

467-477. 

It.2 -
14.0- .. 

t:i8_ 
$~ -

6.11 -

;2.5 -

a 

. I 

Figure 13 (a) Tricine-SDS-PAGE and (b) Glycine-SOS-PAGE. 

Source: Shangger, H.; & Jagow, V. G. (1987). Tricine-Sodium Dodecyl Sulfate­

Polyacrylamide Gel Electrophoresis for the Separation of Proteins in the Range from 1 to 100 

kDa. pp. 368-370. 
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The gel in discontinuous system consists of 2 parts; stacking gel and running gel 

(Figure 14). Stacking gel has lower polyacrylamide concentration (4%), lower ionic strength 

and neutral pH (Tris-HCI buffer, pH 6.9) than running gel. Therefore, the proteins will move 

quickly as extremely narrow band in stacking gel zone prior to their separation in running 

gel. Running gel has higher polyacrylamide concentration (5-20%), higher ionic strength 

than stacking gel and pH > 8 (Tris-HCI buffer, pH 8-9). The pore size of running gel is 

smaller than that of stacking gel to increase the efficiency of separation. The proteins will 

move from negative electrode to positive electrode, and smaller proteins come out faster 

than larger proteins (Figure 15). The compositions of stacking gel and running gel for the 

separation of proteins (1-100 kDa) are shown in Table 3. 

Figure 14 Discontinuous system of SDS-PAGE. 

Source: Discontinuous Gel. (2005). (online). 

Direction 
of electro­
phoresis 

Mixture of 
macro­
molecules 

Porous gel 

Figure 15 The movement of protein molecules through the porous gel. 

Source: Berg, J.M.; Tyymoczko, J.L; & Stryer, L (2002). Biochemistry. 
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Table 3 Compositions of the stacking gel and running gel in SOS-PAGE. 

The compositions of Stacking gel Running gel 

the stacking gel and running gel (4%T,3%C) (10%T,3%C) 

acrylamide I bisacrylamide (49.5% T, 3%C) 0.125 ml 0.76 ml 

gel buffer 0.39ml 1.25 ml 

deionized water 1.05 ml 1.11 ml 

80% glycerol 0.625 ml 

10% ammonium persulphate 13.75 JJI 18.75 JJI 

TEMEO 1.38 JJI 1.88 JJI 

Source: Shangger, H.; & Jagow, V. G. (1987). Tricine-Sodium Sodecyl Su/fate­

Polyacrylamide Gel Electrophoresis for the Separation of Proteins in the Range from 1 to 100 

kOa. pp. 368-370. 

Molecular weight of an unknown protein can be calculated using the relative mobility 

on the gel compared with the standard proteins. The mobility of a polypeptide chain can be 

correlated with the logarithm of molecular weight of protein (log M) (equation 5). A linearity 

standard curve between log M and distance of standard proteins (markers) can be created. 

Then, the molecular weight of an unknown protein can be calculated from the standard 

curve (Figure 16). 

Where, a and b 

x 

Log M 

are 

is 

= a-bx -[5] 

constant value. 

the speed of mobility of the polypeptide chain. 
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Figure 16 A linear standard curve. 

Source: Protein Purification. (August 9,2008). (online). 

4. Amino acid sequencing analysis 
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The method used to find amino acid sequences was invented by Sanger in 1977. 

Later on, Edman degradation has been the most widely used sequencing method since it is 

the most convenient method. In this method, the amino acid at N-terminal residue is labeled 

by phenyl isothiocyanate, resulting to the phenylthiocarbamoyl derivative under acidic 

conditions. After hydrolysis of peptide bond the labeled amino acid will be released as 

thiazolinone amino acid, without disrupting the peptide bonds between other amino acid 

residues. The thiazolinone amino acid is then extracted into an organic solvent, and 

subjected to HPLC column, the amino acid can be identified by comparing with standard 

amino acids. The process will be repeated with the next amino acid (Figure 17). 
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Source: Berg, J.M.; Tyymoczko, J.L; & Stryer, L (2002). Biochemistry. 

5. Spectroscopic Methods 

Spectroscopic techniques have been applied in all technical fields of science and 

technology. Spectroscopy is the study of the absorption and emission of light and other 

radiation by matter, as related to the dependence of these processes on the wavelength of 

the radiation. The physical properties of proteins can be analyzed by UV- Vis spectroscopy 

and fluorescence spectroscopy. 

5.1 UV-Vis spectroscopy 

Electromagnetic radiation consists of an electric field and a magnetic field that 

oscillate perpendicular to one another (Figure 18). 
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Figure 18 Electric field and magnetic field. 

Source: Drago, R.S. (1992). Physical Methods for Chemists. 

The absorption and the emission of energy in the electromagnetic spectrum occur in 

discrete photons. The relation between the energy of photon, the frequency and wavelength 

are shown in equations 6 and 7. 

E = hV -[6] 

v = c -[7) 

Where, E is energy. 

h is Planck's constant (6.626 x 10-34 J s). 

V is frequency (S-1). 

c is the speed of light in a vacuum (2.9979 x 108 m S-1). 

A is wavelength (nm). 

The various regions in the electromagnetic spectrum are displayed with the nature 

of the change brought about by the radiation (Figure 19). The ultraviolet region is in the 

range of 200-380 nm, while visible light is generally considered to extend from 380-780 nm 

(Table 4). 
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Figure 19 Schematic diagram of electromagnetic spectrum. 

Source: Whittaker, AG.; Mount, AR; & Heal, M.R. (2000). Instant Notes: Physical 

Chemistry. 

Table 4 Relationship between wavelength region and colors. 

Wavelength region (nm) Transmitted color 

<380 Ultraviolet 

380-435 Violet 

435-480 Blue 

480-490 Greenish blue 

490-500 Bluish green 

500-560 Green 

560-580 Yellowish green 

580-595 Yellow 

595-650 Orange 

650-780 Red 

>780 Near infrared 

Source: Willard, H.H.; Merritt, LL; & Dean, J.A. (1974). Instrumental Methods of 

Analysis. 
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Absorbance is observed when light energy is used to promote electrons of molecule 

from the ground state to the excited state, while fluorescence emission is observed when 

the electrons at the excited state revert to the ground state. This phenomenon is called 

electronic transition (Figure 20). 
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Figure 20 Electronic transition. 

Source: Atkins, P.W. (2001). The Elements of Physical Chemistry. 

Absorbance measurements are most commonly used to determine the concentration 

of biomolecules in a homogeneous solution. The absorbance is linearly related to the 

concentration by Beer-Lambert Law as shown in equation 8. 

Where, A 

E 

c 

is 

is 

is 

A = Excxl -[8] 

the absorbance. 

the molar absorption coefficient (E=W2.303) (M-1 cm-\ 

concentration of biomolecules (M). 

is the path length (em). 



22 

In addition, binding constant (~) can be calculated by Scatchard equation (equation 9). 

~ is obtained from the slope of the plot between r/Cr versus r. 

r/Cf = ~(n-r) -[9] 

Where, Cf is concentration of free probe. 

r is binding density. 

~ is binding constant. 

n is the number of binding site. 

Most proteins are colorless. However, they can. absorb light and emit radiation in the 

UV range. Protein absorption spectrum can be considered by various factors. These factors 

are the absorbance of aromatic amino acids (tryptophan (Trp), tyrosine (Tyr), phenylalanine 

(Phe» (Figure 21), protein backbone, secondary structure (a-helix. f3-sheet, random coil) 

(Figure 22), bonding interaction and solvent. The absorbance and fluorescence of the 

aromatic amino acids in buffer (neutral pH) are shown in table 5. 

20 

~~~~~~~~~~~~~~~~ 

Figure 21 UV-spectra of tryptophan, tyrosine and phenylalanine. 

Source: Tinoco, J.I.; et at (2002). Physical Chemistry: Principles and Applications in 

Biological Sciences. 
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Table 5 Absorbance and fluorescence of the aromatic amino acids. 

Absorbance Fluorescence 
Compound 

"-max (nm) "-max (nm) 

Tryptophan 280 348 

Tyrosine 274 303 

Phenylalanine 257 282 

Source: Rickwood, D.; & Hames, B. D. (1990). Protein Structure a Practical 

Approach. p. 251-283. 
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Figure 22 Absorption spectra of poly-L-Iysine in an a-helix, J3-sheet and random coil. 

Source: Tinoco, J.I.; et al. (2002). Physical Chemistry: Principles and Applications in 

Biological Sciences. 

The physical properties of a protein molecule depend on the environment 

surrounding the protein. The molecular environment can cause the protein conformational 

changes. The changes in the absorption spectrum can be classified to 4 types (Figure 23). 
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Figure 23 Absorbance and Intensity shifts. 

5.2 Fluorescence spectroscopy 
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Fluorescence emission is caused by the transition of electrons from singlet 

electronic excited state (S1) to singlet electronic ground state (So) in form of photons. Some 

energy is lost by vibrational transitions. The fluorescence lifetime is about 10-9 min. 

The physical properties of a protein molecule depend on the environment of protein. 

Ligand-protein binding can make changes of the structure of the protein. Therefore, the 

fluorescence spectrum of the protein changes when the protein conformational changes. 

Changes are as follows: the increase or decrease of fluorescence intensities, the decrease 

of fluorescence lifetime in case of dynamic quenching and unaltered in case of static 

quenching. The fluorescence intensities of unfolded protein have energy less than folded 

protein. Moreover, the fluorescence quenching of protein by a quencher can show the ability 

of the quencher that can access to intrinsic fluorophore of protein. 

The fluorescence quantum yield (cI» is an indicator of occurring effective 

fluorescence, as shown in equation 1 O. 

= Fluorescence 

Absorbance 

-[10] 



25 

The fluorescence lifetime ('t) is inversely proportional to the decay rate constant (kct), 

as shown in equation 11. 

hv 
M ---:>~ M* (excitation) 

kci 
M* :> M (fluorescence) 

= 1 - [11] 

kct 

The energy may be lost by thermal decomposition, photochemical reaction and 

quenching. Therefore, the decay rate constant can be expressed as shown in equation 12. 

= - [12] 

Where, k,= is rate constant of fluorescence. 

kT is rate constant of thermal decomposition. 

kp is rate constant of photochemical reaction. 

ka is rate constant of quenching. 

[0] is the concentration of quencher. 

The quenching molecule at excited state (M*) by the quencher can occur in 2 

mechanisms; dynamic quenching and static quenching mechanisms (Figure 24). Dynamic 

quenching is caused by the collision of M* and Q. Then M* reverts to the ground state and 

losses the energy. When the temperature increases, the collision of M* and 0 will increase 

due to the increase in the kinetic energy. Therefore, the quenching rate constant will also 

increase (equation 13). Static quenching is caused by the incorporation of M* at excited state 

with 0, producing the dark complex. When the temperature increases, the stability of the 

complex will decrease. Therefore, the quenching rate constant will decrease (equation 14). 
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Figure 24 Dynamic quenching and static quenching. 

Source: The Photochemistry Portal. (October 30, 2009). (online). 

M + hV ) M* (excitation) 

ktt 
M* ) M (fluorescence ) 

kQ 
M* + Q ) M (dynamic quenching) - [13] 

kQ 
M* + Q ) MQ (static quenching) - [14] 

Fluorescence quenching data can be analyzed using Stem-Volmer equation 

(equation 15). The Stem-Volmer quenching constant (Ksv) is obtained from the slope of the 

plot between loll versus [Q] (Figure 25). Quenching rate constant (ko) can be calculated by 

equation 16. 

= 1 + Ksv[Q] -[15] 

Ksv = x 'to - [16] 

Where, 10 is the fluorescence intensities in the absence of quencher. 

is the fluorescence intensities in the presence of quencher. 

is the Stem-Volmer quenching constant. 
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Slope = Ksv 

Concentration of quenche~ [01 

Figure 25 Stem-Volmer plot. 

Source: Atkins, P.W. (2001). The Elements of Physical Chemistry. 

6. Computational chemistry 

Computational chemistry is a very useful method for investigating the molecular 

structure of biological molecules, binding affinity of small ligand to larger protein target 

(known three-dimensional structure) and drug design. The method can be used for virtual 

screening the efficiency of small molecule that can interact with protein target with 

decreasing time, cost and waste in experimental laboratory. 

Molecular docking consists of two molecules; small ligand and a receptor. The 

three-dimensional structure of the ligand can be designed and optimized by Gaussian 

Chemdraw program. The receptor should include removal of the water molecules from the 

cavity, stabilizing charges, filling in the missing residues. After modification, the receptor 

should be biological active and stable. After the receptor is built (File.pdb), the active site 

within the receptor should be identified. The receptor may have many active sites. The 

efficiency of docking increases when the location of the binding site is known before 

docking processes. The crystal three-dimensional structure of protein (receptor) can be 

downloaded from the Protein Data Bank. Molecular docking can be used to study the 

binding position of small ligand on the protein, resulting to obtain the binding poSition on the 

protein binding site and binding energy. The ligand-receptor binding mechanism is the lock­

and-key theory. Here, the protein can be thought of as the '"lock" and the ligand can be 

thought of as a "key", in which the ligand has the best fit into the receptor (Figure 26). 
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Figure 26 Schematic illustration of lock-and-key. 

Source: Schematic illustration of docking. (December 14, 2015). (online). 

Moreover, docking method is very useful for the study of selective ligand-protein 

interaction. However, reverse docking is another method which is opposite to the process of 

docking application. In this method, a small molecule of ligand is docked into the predefined 

binding sites of various protein structures from protein database to find suitable protein. The 

comparison of these two paradigms is shown in Figure 27. 

Figure 27 Comparison of docking application and reverse docking application. 

Source: Zheng, M.; et al. (2013). Computational Methods for Drug Design and 

Discovery: Focus on China. Trends in Pharmacological Sciences. 34: pp. 549-559. 
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7. Related research 

Many researchers have tried to develop new chemical reagents for selective binding 

to proteins since the peptide bond is unreactive towards hydrolysis with the half-life of 350-

600 years at room temperature and neutral pH (Radzicka; & Wolfenden. 1996: 6105-6109). 

These chemical reagents can be useful for converting larger protein into smaller fragments, 

study on protein structure domains, understanding protein-ligand interactions and applying 

for the design of novel therapeutic drugs. Furthermore, these chemical reagents have also 

been used to selectively cleave proteins at ligand binding sites. The reaction of protein 

cleavage can be activated by 2 types of reaction: photo-reaction and thermal-reaction. 

However, using light as an activator in the photoreaction has many advantages, such as 

convenient, inexpensive, easy to control and minimizing side reactions. Moreover, the 

visible light can be nontoxic. The examples of photochemical reagents are anthracyl 

derivatives and pyrenyl derivatives. 

In 1993, Kumar and Tolosa (Kumar; & Tolosa. 1993: 13914-13919) synthesized 

anthracyl derivatives; «9-anthryl) methylamine hydrochloride (AMAC), 3-(9-anthryl) 

propylamine hydrochloride (APAC) and N-ethyl-(9-anthryl) methylamine hydrochloride (N-Et­

AMAC» (Figure 28) and pyrenyl derivative; (4(1-pyrenyl) butylamine chloride (PBAC» 

(Figure 29) for study of binding interaction with proteins. The results showed that pyrenyl 

derivative bound to protein better than anthracyl derivative with higher binding constant. 

AMAC APAC N-Et-AMAC 

Figure 28 The structure of anthracyl derivatives. 

PBAC 

Figure 29 The structure of 4(1-pyrenyl) butylamine chloride (PBAC). 
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In 1997, Kumar and Buranaprapuk (Kumar; & Buranaprapuk. 1997: 2085-2087) 

designed and synthesized pyrenyl derivative by connecting L-phenylalannine to pyrenyl 

chromophore (N-(L-phenylalanine)-4(1-pyrene) butyramide (Py-L-Phe» (Figure 30). Py-L-Phe 

was found to cleave BSA (between Leu346-Arg347) and chicken egg-white lysozyme 

(between Trp108-VaI109) in the presence of an electron acceptor, Co(III)hexammine chloride 

(CoHA). 

Figure 30 The structure of Py-L-Phe. 

The design of Py-L-Phe has to be taken into consideration of protein structure. Most 

globular proteins display hydrophilic residues on the outside and hydrophobic residues at 

the inside. Therefore, Py-L-Phe consists of hydrophobic part, a suitable chromophore that 

can bind in the hydrophobic clefts of the protein (Py), and hydrophilic part with an ionic 

group (eOOH) which can bind to the charged residues on the surface of the protein. This 

probe showed high binding affinities for binding to BSA (2.2 ± 0.3 x 1<fi M"1) and lysozyme 

(6.5 ± 0.4 x 107 M-1
) (Kumar; et al. 1998: 10361-10366) (Figure 31). 

tinker 
Chromophore /./'" Hydrophilic group 

--I 2 3"""""­
(hydrophobic group) 

Globular Protein 

Figure 31 Binding of reagents to globular proteins. 
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In 1999, Kumar and Buranaprapuk (Kumar; & Buranaprapuk. 1999: 4262-4270) has 

studied the role of the distance between the hydrophobic chromophore and the hydrophilic 

group on the specificity of the protein photocleavage. Glycine residue was used to vary the 

linker length. These pyrenyl probes are Py-{Glyln-Phe (n = 0, 1, 2) (Figure 32). All of the 

pyrenyl probes (Py-(Glyln-Phe (n = 1, 2) cleaved lysozyme at 2 positions: between Trp108-

Val109 (major cleavage site) and between Ala110-Trp111 (minor cleavage site). 

Figure 32 The structure of Py-(Glyln-Phe (n = 0, 1, 2). 

In 2002, Kumar and coworkers (Kumar; et at 2002: 5810-5815) investigated the 

cleavage mechanism by Laser flash photolysis. The study showed the absorption peak of 

pyrene cation radical (Py-L-Phe+-) at -460 nm when Py-L-Phe was excited by light with 

CoHA as an electron acceptor (equation 24). 

Py-L-Phe 
hV 

:> 
CoHA 

Py-L-Phe* ) 
-CoHA·· 

Py-L-Phe+- -[24] 

The hydrogen a10m at U-carbon on the peptide backbone was abstracted by Py-L-Phe +­

to produce U~rbon radical. Then, oxygen was aUached to the Orcarbon radical, resulting to 

hyperoxyl radical, followed by hydrolysis of the peptide backbone (Figure 33). 
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Figure 33 The possible mechanisms of protein cleavage. 

In 2011, Malaikaew and coworkers (Malaikeaw; et al. 2011: 251-255) designed a 

new pyrenyl probe, (d-biotinyl-1 (1-pyrene )methylamide (Py-biotin) (Figure 34), by coupling 

of d-biotin to 1(1-pyrene)methylamine hydrochloride. Binding of Py-biotin to the specific site 

of avidin was expected. When a mixture of avidin, Py-biotin and an electron acceptor, 

cobalt(lII)hexamine chloride (CaHA), was irradiated at 342 nm, the photocleavage of avidin 

(between Thr77 and Va178) was achieved. 

Figure 34 The structure of Py-biotin. 

From the literatures, Pyrene (Figure 35) has been of interest since it has strong 

absorption bands in the near visible region with long lived singlet excited states that are 

convenient to initiate the photoreactions. Moreover, pyrene is hydrophobic, which can be 

expected to bind to hydrophobic sites of the protein. 
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l-Pyrenebutyric acid (PBA) l-Pyrenemethylamine (PMA) 

Figure 35 The structures of 1-pyrenebutyric acid (PBA) and 1-pyrenemethylamine (PMA). 

In this research, succinic acid (Figure 36) is proposed to attach to the pyrenyl 

chromophore for specific binding to protein. Succinic acid is a common metabolite formed 

by plants, animals and microoganisms. It has been used in industries for producing food, 

polymers, flavours, surfactants and used as a precursor for many industrially important 

chemicals, such as adipic acid, 2-pyrrolidinone, 1,4-butanediol, which are used in the 

pharmacological industry. 

HO,-- ~ 1 lr ~ ~OH 

o 

Figure 36 The structure of succinic acid. 

In 1999, Zeikus and coworkers (Zeikus; et al. 1999: 545-552) reported map of 

the routes leading to succinic acid based products and specialty chemicals (Figure 

37). The structure of succinic acid contains a linear saturated dicarboxylic acid, that 

can be used as an intermediate chemical and be converted to 1,4-butanediol, 

tetrahydrofuran, Y-butyrolactone and other four-carbon chemicals. 
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Commodity Chemicals 

Specialty Chemicals 

Figure 37 Applications of succinic as a precursor of many industrially chemicals. 

Source: Zeikus, J. G.; et al. (1999). Biotechnology of Succinic Acid Production and 

Markets for Derived Industrial Products. Applied Microbiology and Biotechnology. 51: pp. 

545-552. 

Therefore, the new chemical reagents, such as PMA-succinic acid (Figure 38), have 

been designed and synthesized in this study. Binding to the protein and photocleavage of 

the protein by the new designed reagents were studied. 

~ 
o 

Figure 38 The structure of PMA-succinic acid. 
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Moreover, the new photochemical reagents were developed by tuning the side chain 

length with three or five-carbon spacers (PMA-1A and PMA-3A) (Figure 39). PMA-1A and 

PMA-3A were synthesized for comparison with PMA-2A (another name of PMA-succinic acid). 

o 0 

~~H 

PMA-1A PMA-2A PMA-3A 

Figure 39 The structure of PMA-1A, PMA-2A and PMA-3A. 

However, using another compound, such as natural products, instead of pyrene 

probe more friendly to the environment Berberine, piperine and their derivatives are of 

interest in this study. 

Berberine (Figure 40) is a quaternary ammonium salt, derived from the 

protoberberine group of isoquinoline alkaloid, which has various therapeutic potential. 

Berberine is usually found in the roots, rhizomes, stems, and bark of plants. The 

pharmacological activities of berberine as antihypertensive, anti-inflammatory, 

hepatoprotective, antioxidant and antidepressant have been demonstrated (Mohind; et al. 

2017: 350-355). 

Figure 40 The structure of berberine. 
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In 1999, Naasani and coworkers (Naasani; et al. 1999: 4004-4011) reported 

berberine chloride, an alkaloid found in many plants, as a moderate inhibitor for telomerase 

with 50% inhibition at 30 J.JM (Figure 41) using the telomeric repeat amplification protocol 

(TRAP) assay with cellular Iysates from a representative human cancer cell line. 
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Figure 41 Effect of berberine chloride (30 J.JM) to the activity of telomerase. 

Source: Naasani, I.; et al. (1999). FJ5002: A Potent Telomerase Inhibitor Identified 

by Exploiting the Disease-oriented Screening Program with COMPARE Analysis. Cancer 

research. 59: pp. 4004-4011. 

In 2002, Sriwilaijareon and coworkers (Sriwilaijareon; et a!. 2002: 99-103) confirmed 

inhibition of Plasmodium falciparum telomerase by the plant alkaloid, in a range of 3~300 J.JM 

berberine (Figure 42). P. falciparum telomerase activity was completely eliminated at 370 

J.JM berberine. P. falciparum telomerase activity was studied using the TRAP assay. 
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Figure 42 The activity of P. falciparum telomerase was inhibited by berberine. 
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Source: Sriwilaijareon, N.; et al. (2002). Stage Specificity of P. falciparum 

Telomerase and its Inhibition by Berberine. Parasitology International. 51: pp.99-103. 

Piperine (Figure 43) is one of the naturally alkaloid, a compound present in fruits of 

Piper nigrum and Piper longum, commonly known as 'Black pepper' and 'long pepper', 

respectively. Piperine has variety of pharmacological activity including antidepressant, 

antipyretic, analgesic, hepatoprotective, antioxidant, and anti-inflammatory. 

o 

o 
Figure 43 The structure of piperine. 

In 2010, data collection of Jemal and coworkers (Jemal; et al. 2010: 277-300) 

demonstrated prostate cancer in men, with 32,050 deaths of this disease. 
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In 2013, Samykutty and coworkers (Samykutty; et a/. 2013: e65889) investigated the 

anti-tumor mechanisms of piperine on androgen dependent (LNCaP) and androgen 

independent (PC-3, 22Rv1, DU-145) prostate cancer cells. All cells were treated with 

piperine (5-200 J.lM) for 24, 48 and 72 hours by MTT assay. Piperine inhibited both 

androgen dependent (AD) LNCaP and androgen independent (AI) PC-3, 22RV1, DU-145 

prostate cancer cells (Figure 44). 
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Figure 44 Piperine (5-200 J.lM) inhibits of (a) LNCaP (b) PC-3 (c) 22RV1 (d) DU-145 in 

prostate cancer cells for 24 h. (blue line). 48 h. (red line) and 72 h. (green line). 

Source: Samykutty, A.; et al. (2013). Piperine, a Bioactive Component of Pepper 

Spice Exerts Therapeutic Effects on Androgen Dependent and Androgen Independent 

Prostate Cancer Cells. PLoS ONE. 8: pp. e65889. 
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The cleavage of poly-(ADP-Ribose) polyrnerase-1 (PARP-1) proteins in LNCaP and 

DU-145 prostate cancer cells were achieved. Control and cell treated with DMSO were 

demonstrated in Figure 45. 

LNCaP DU145 
Ctrl PIP Ctrl PIP 

Cleaved --+ .=::1 r~-l 
PARP-1 - 1_ - :s 

Figure 45 Western blotting analysis, PARP-1 of LNCaP and DU-145 in prostate cancer cells 

were cleaved by concentration of piperine 60 .... M and 160 .... M respectively for 24 h. 

In 2013, Do and coworkers (Do; et at 2013: 2591-2599) showed that piperine 

Significantly inhibited proliferation in HER2~verexpressing SKBR3 human breast cancer cell 

line. SKBR3 were treated with piperine at various concentrations (0-50 .... M) for 24 h, 48 h 

and 72 h (Figure 46). Cell proliferation decreased when increasing time and concentration 

of piperine. 
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Figure 46 The effects of piperine on cell proliferation in SKBR3 breast cancer cells at 

various concentration of piperine (0-50 101M) in a time-dependent manner. 

Source: Do, M. T.; et at (2013). Antitumor efficacy of piperine in the treatment of 

human HER2~verexpressing breast cancer cells. Food Chemistry. 141: pp. 2591-2599. 

Therefore, the development of new synthesized chemical reagents and natural 

products were focused in this research. Interaction of these reagents with proteins were 

studied using UV-Vis, fluorescence, gel electrophoresis and docking methods. 



1. Equipments 

CHAPTER 3 

Experimental 

precision analytical balance digital scale, Mettler Toledo, code AB104-S 

magnetic stirrer, GEM, code MS-115 

TLC plate, Merck 

rotary evaporator, Buchi, code R-210 

melting point apparatus, Griffin 

micropipette (2, 10,20, 100,200 and 1000 1-11), Gilson 

pH meter, Mettler Toledo 

cavitator ultrasonic cleaner, Mettler Electronics Corp. 

laboratory freeze dryer, Provac, code RFO-8 

blot filter paper, BIO-RAO 

Sequi-Blot™ PVOF membrane (2 !-1m), BIO-RAO 

Mini Trans-Blot® electrophoretic transfer cell, BIO-RAO 

SOS-PAGE apparatus, BIO-RAO 

UV-spectrophotometer, Shimadzu, code UV-2401 PC 

fluorescence spectrophotometer, Jasco, code FP-6200 PC 

Spectroline, Spectronics Corporation, code ENF-240C 

2. Chemical reagents 

1-pyrenemethylamine hydrochloride (PMA), Sigma-Aldrich 

succinic anhydride, 99%, Acros Organics 

ethyl malonyl chloride, 97%, TCI 

gutaric anhydride, 95%, Sigma-Aldrich 

sodium hydroxide (NaOH), Carlo Erbra 

N,N-dimethylformamide (OMF) , Carlo Erbra 

hydrochloric acid (HCI), QReC ™ Quality Reagent Chemical 

acetic acid, Carlo Erbra 

acetonitrile (ACN). Merck 



acetone, Carlo Erbra 

dichloromethane (OCM), Carlo Erbra 

methanol, Carlo Erbra 

n-hexane. Carlo Erbra 

amino acids, Sigma-Aldrich 
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proteins (avidin. lysozyme. a-chymotrypsin. (3-lactoglobulin B. myoglobin. 

bovine serum albumin (BSA). Human serum albumin (HSA), a-casein, pepsin, 

concanacalin A and (3-glucosidase). Sigma-Aldrich 

1-butanol. Carlo Erbra 

berberine, Sigma-Aldrich 

piperine. Sigma-Aldrich 

acrylamide, Plusone 

methylenebisacrylamide, Plusone 

glycerol. Fluka 

ammonium persulfate, Sigma-Aldrich 

tetramethylethylenediamine (TEMEO), Sigma-Aldrich 

cobalt(lIl)hexammine chloride (CoHA), Sigma-Aldrich 

Coomassie Blue R-250, Sigma-Aldrich 

cyclohexylaminopropane sulfonic acid (CAPS), Sigma-Aldrich 

Trizma® base, SAFC 

Trizma® hydrochloride. Sigma-Aldrich 

tricine, Sigma-Aldrich 

sodium dodecy\ sulfate (SOS). Sigma-Aldrich 

Mark12 ™ MW standard, Invitrogen 

bromophenol blue, Plusone 

2-mercaptoethanol. Merck 

pyridine, Carlo Erbra 
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3. Methods 

3.1 Synthesis of photochemical reagents 

Synthesis of PMA-1A: A mixture of 1 (1-pyrene) methylamine hydrochloride (PMA) 

(50.1 mg) and a pellet of sodium hydroxide (NaOH) (104.2 mg) was dissolved by acetonitrile 

(ACN) 5 ml. After that, ethyl malonyl chloride (CsH7CI03) (45 1-11) was added, and the mixture 

solution was stirred continuously for 3 hours at 40°C. After heating, precipitate and salt 

(NaCI) occurred in the mixture solution. Water was then added and the solution was acidified 

to pH 1-2 by 5 M hydrochloric acid (Hel). The product was separated out by extraction using 

pure dichloromethane (OCM). The product solution was evaporated to dryness under vacuum 

and the residue was recovered to afford pure product (PMA-1A). 

Synthesis of PMA-2A: PMA-2A was synthesized by coupling of PMA (100.0 mg) 

to succinic anhydride (56.0 mg), with addition of NaOH (101.5 mg) in N,N-dimethylformamide 

(OMF) 6 ml. The mixture was stirred at room temperature for 24 hours. The reaction progress 

was monitored by TLC. The mixture solution was acidified with 5 M HCI to pH 1-2. After 

cooling, the resulting precipitate was collected by filtration, dried and identified by 

spectroscopic techniques. 

Synthesis of PMA-3A: PMA (30.4 mg) was dissolved in pyridine 3 ml until clear 

yellow solution was obtained. Gutaric anhydride (31.6 mg) was added to the solution, 

with continuous stirring at room temperature for 24 hours. Water was then added and 

the solution was acidified to pH 1-2 by 5 M HC!. The product was separated out by 

extraction using pure OCM. 

3.2 Protein photocfeavage 

The mixture solution of protein (15 IJM), photochemical reagent (15 I-IM), and 

CoHA (1 mM), in 50 mM Tris-HCI buffer, pH 7.0 (total volume 200 IJI) was irradiated at 

room temperature for 20 min (342 nm; using a 150 W xenon lamp) (Table 6). The control 

solution was prepared under the same conditions, except that the solutions was protected 

from light. All irradiated samples were dried until dryness under vacuum using freeze dryer. 

Time of irradiation was optimized to obtain higher efficiency protein cleavage (Table 7). 
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Table 6 Conditions of photocleavage reaction. 

order probe protein CoHA Tris-HCI buffer, condition 

pH 7.0 

1 ../ ../ ../ ../ control 

2 ../ ../ ../ ../ Irradiation at 342 nm for 20 min 

3 ../ ../ control 

4 ../ ../ Irradiation at 342 nm for 20 min 

5 ../ ../ ../ control 

6 ../ ../ ../ Irradiation at 342 nm for 20 min 

7 ../ ../ ../ control 

8 ../ ../ ../ Irradiation at 342 nm for 20 min 

Table 7 Variation of irradiating time for photocleavage reaction. 

order probe protein CoHA Tris-HCI condition 

buffer, pH 7.0 

1 ../ ../ ../ ../ control 

2 ../ ../ ../ ../ Irradiation at 342 nm for 1 min 

3 ../ ../ ../ ../ Irradiation at 342 nm for 5 min 

4 ../ ../ ../ ../ Irradiation at 342 nm for 10 min 

5 ../ ../ ../ ../ Irradiation at 342 nm for 15 min 

6 ../ ../ ../ ../ Irradiation at 342 nm for 20 min 

3.3 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

All dried samples were redissolved in loading buffer (glycerol (1.2 ml), sodium 

dodecyl sulfate (7% w/v) , Tris-HCI (50 mM, pH 6.8), bromophenol blue (0.01% w/v) and 

2-mercaptoethanol (2%, v/v». All solutions were heated for 3 min in loading buffer. The 

sample solutions (8 1-11) were loaded to the gel. The gel was run by applying 60 V until the 

protein bands passed through the stacking gel, and then the voltage was increased to 110 

V in running gel. After that, the gels were stained with Coomassie brilliant blue for 12 hours, 

and destained in acetic acid (10%, v/v) for 12 hours. The gels were scanned with an Epson 

scanner (TX220). and the product yields were quantitated using ImageJ program. Molecular 
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weight markers were loaded in each gel for calibration and molecular weight of each 

fragments could be estimated from their mobility by linear regression equation of this 

calibration curve. 

3.3.1 Cathode buffer solution (5X). 500 ml 

Trizma® base 

tricine 

sos 

6.05 9 

8.96 9 

0.50 9 

Mixture of Trizma® base, tricine and SOS was dissolved in deionized water. 

Then. the volume of the mixture solution was adjusted to 500 ml with deionized water. 

3.3.2 Anode buffer solution (5X). 500 ml 

Trizma® base 1220 9 

Trizma® base was dissolved in deionized water. Then, the pH was adjusted to 

8.9 by 5 M HC!. The volume of the solution was adjusted to 500 ml with deionized water. 

3.3.3 Gel buffer solution, 50 ml 

Trizma® base 

SOS 

36.32 9 

0.30 9 

Mixture of Trizma® base and SOS was dissolved in deionized water (40 ml) and 

the mixture was heated until all solid was dissolved. The pH of the solution was then adjusted 

to 8.45 by 5 M HC!. The volume of the solution was adjusted to 50 ml with deionized water. 

3.3.4 Acrylamidelbisacrylamide solution, 50 ml 

acrylamide 

bisacrylamide 

23.25 9 

1.50 9 

Mixture of acrylamide and bisacrylamide was dissolved in deionized water (40 ml) 

and the mixture was heated until solid all was dissolved. The volume of the mixture solution 

was then adjusted to 50 ml with deionized water. 



3.3.5 Loading buffer solution, 100 ml 

SDS 

glycerol 

bromophenol blue 

50 mM Tris-HCI buffer, pH 6.8 

2-mercaptoethanol 

45 

0.07 g 

40 1-11 

0.0001 g 

960 1-11 

20 1-11 

Mixture of SDS, glycerol, bromophenol blue and 2-mercaptoethanol was 

dissolved in 50 mM Tris-HCI buffer (pH 6.8). 

3.3.6 Staining solution, 100 ml 

0.5% coomassic blue 

methanol 

acetic acid 

10 

50 

10 

ml 

ml 

ml 

Coomassie blue (0.5%), methanol and acetic acid and were mixed, and the 

volume was adjusted to 100 ml with deionized water. 

3.4 Western blot (protein transfer) 

For sequencing analysis, protein fragments on the gel were transferred to 

PVDF membrane by applying the electricity (60 mA) for 1.5 h using the WetlT ank 

Blotting Systems (BIORAD). Blotting filter paper (2 sheets), fiber pad (2 sheets), a gel, 

and a polyvinylidene fluoride (PVDF) membrane were soaked in CAPS buffer, pH 10.5, 

for 10-15 min before setting equipment. The equipment was installed as shown in 

Figure 47. Blotting was performed by applying voltage of 60 V, 140 mA, for 90 min. After 

that, peptide fragments on PVDF membrane were stained with Coomassie brilliant 

blue for 5 min, and destained with 10% acetic acid for 1 min. PVDF membrane was then 

dried until dryness. The peptide fragments were sent to Midwest Analytical, Inc., MO, USA 

for amino acid sequence analysis. 

3.4.1 CAPS buffer solution (100 mM, pH 10.5), 1000 ml 

CAPS 22.13 g 

CAPS was dissolved in deionized water. Then, the pH of the solution was 

adjusted to 11.0 by NaOH. The volume of the solution was adjusted to 1000 ml with 

deionized water. 



3.4.2 Staining solution for polyvinylidene fluoride membrane, 100 ml 

Coomassic blue 

methanol 

acetic acid 

0.1 

45 

10 

g 

ml 

ml 
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Coomassie blue, methanol and acetic acid were mixed in deionized water 

with stirring until all solid was dissolved. The volume was then adjusted to 100 ml with 

deionized water. 

3.4.3 Destaining solution for polyvinylidene fluoride membrane, 100 ml 

methanol 

acetic acid 

45 

10 

ml 

ml 

Methanol and acetic acid were mixed and the volume of the solution was 

adjusted to 100 ml with deionized water. 

----------------Ud 

-----------------~ 
module 

~;::-------------Bluecooling 

(keep frozen at 
-20°C) 

f-----------------Buffertank 

Figure 47 Mini Trans-Blot Electrophoretic Transfer Cell. 

Source: BIO-RAD Instruction Manual. (2015). (online). 
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3.5 Absorption titration and fluorescence titration 

The absorption spectra of new photochemical reagent (10 ~M), with the 

presence of the protein (0-100 ~M) in 50 mM Tris-HCI buffer, pH 7.0 were recorded in the 

range of 300-400 nm on a Shimadzu UV-2401 PC UV-VIS spectrophotometer. The 

binding constant was calculated by Scatchard equation (discussed in Chapter 2). In 

fluorescence spectroscopic measurements, new photochemical reagent concentration was 

fixed at 0.5 ~M while the protein concentration was varied (1-20 ~M). The fluorescence 

were monitored in the range of 350-550 nm on a Jasco FP-6200 spectrofluorometer. The 

fluorescence emission of new photochemical reagent was monitored at 375 nm with 

excitation wavelength at 342 nm. 

3.6 Fluorescence quenching studies 

The probe-protein mixtures (0.5 ~M: 10 ~M) were titrated with CoHA (0-1 mM), 

and the fluorescence intensities were monitored in the range of 350-550 nm with excitation 

at 342 nm, in 50 mM Tris-HCI buffer, pH 7.0. The data can be fitted to Stem-Volmer 

equation (discussed in Chapter 2) and the Stem-Volmer quenching constant (Ksv) could be 

obtained from the slope of the graph. 

3.7 Docking studies 

The crystal structures of avidin (1AVD.pdb) and lysozyme (4PHl.pbd) were 

downloaded from the Protein Data Bank. All of probe structures were optimized by 

Gaussian 03 at HF/3-21 G level of calculation to obtain the most stable conformation of 

these probes with appropriate bond lengths and angles. The AutoDock 4.2 was used to 

calculate the interaction energy for searching a suitable location of photochemical reagent 

to the protein. The dimensional size of the docking box was set at 100 x 100 x 100 A with 

the spacing of 0.375 A. The center of grid box was located at the center of macromolecule 

with the coordination center (x, y and z) of 32.226, 13.557 and 26.976 in case of avidin, 

whereas in case of lysozyme, the center of grid box was located at the center on 

macromolecule with the coordination center (x, y and z) of -19.882, 1.023 and -0.562. The 

size of grid box was the defined area of the interaction between amino acid residues of 

protein with photochemical reagent. Therefore, protein was covered by the grid box for 

enhancing opportunity of interaction between photochemical reagent with the protein. The 

docking results were illustrated by Accelrys Discovery Studio Client 2.5 to visualize the 

three-dimensional structure of the protein with the bound photochemical reagent. 



CHAPTER 4 

Results and Discussion 

In this research, we focus on the development of the new synthesized 

photochemical reagents and natural products for converting larger protein into smaller 

fragments, understanding protein-ligand interactions, structure-activity studies of protein, 

investigating drug binding sites in proteins and design of novel therapeutic drugs. The 

interactions of these photochemical reagents and natural products with proteins were 

investigated using UV-Vis, fluorescence, gel electrophoresis and docking techniques. 

The outline for the study is as following: 

1. Photochemical reagents 

1.1 Synthesis and characterization of new photochemical reagents. 

1.2 Protein photocleavage by new photochemical reagents. 

1.3 Protein transfer by western blot for amino acid sequencing analysis. 

1.4 The interactions of new photochemical reagents with proteins. 

- binding interaction 

- fluorescence quenching studies 

1.5 Binding mechanism of new photochemical reagents with the proteins. 

2. Natural products 

2.1 Protein photocleavage by natural products. 

2.2 Protein transfer by western blot for amino acid sequencing analysis. 

2.3 Binding interactions of natural products with proteins. 

2.4 Binding mechanism of natural products with the proteins. 

1. Photochemical reagents 

1.1 Synthesis and characterization of new photochemical reagents 

Synthesis of PMA-1 A 

The product of PMA-1A is yellowish amorphous powder (48 mg, 80.10%) with 

m.p. of 160-163 °G. The product was identified using 1H NMR and mass spectrometry. 

1H NMR (300 MHz; ds-DMSO): 12.5 (1H, s, OH), 8.8 (1H, t, NH), 8.0-8.4 (9H, m, ArH), 

5.00 (2H, d, ArCH2), 3.4 (2H, s, COCH2)(Figure 48); MS (ES): m/z (%) 318.1 (100) [M+Ht. 
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5.0 
o 0 
II II 12.5 
N~OH 
H 3.4 
8.8 

Figure 48 Characterization of PMA-1A by 1H NMR. 

The maximum absorption wavelength of PMA-1A was 342 nm (Figure 49a). Molar 

extinction coefficient (8) of PMA-1A was 4.73 x 104 M-1 cm-1 (Figure 49b). The fluorescence 

emission of PMA-1A was monitored at 375 nm with excitation wavelength of 342 nm 

(Figure 49c). 
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I-igure 49 (a) Absorption spectrum of PMA-1A (10 lJM) with the maximum wavelength of 

342 nm. (b) The linear plot of PMA-1A absorbance at 342 nm versus [PMA-1A] (2-20 lJM) 

with linear dependent coefficient (R2) of 0.9987. (c) Fluorescence spectrum of PMA-1A 

(0.5 lJM) with excitation wavelength at 342 nm. All data were from the average of three 

experiments. 
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Synthesis of PMA-2A 

The product of PMA-2A was yellow powder (74 mg, 59.68%) with m.p. of 208-209 °C. 

PMA-2A was characterized by 1H NMR, mass spectroscopy, UV-VIS and fluorescence. 

1H NMR (300 MHz; d6-DMSO): 8.5 (1H, t, NH), 8.0-8.4 (9H, m, ArH), 5.0 (2H, d, ArCH2), 

2.4-2.6 (4H, m, 2xCOCH2 ) (Figure 50); MS (ES): m/z (%) 331.3 (100) [M+Hr. 

o 
5.0 2.4-2.6 

OH 

o 

Figure 50 Characterization of PMA-2A by 1H NMR. 

The maximum absorption wavelength of PMA-2A was 342 nm (Figure 51a). Molar 

extinction coefficient (6) of PMA-2A was 2.83 x 104 M-1 cm-1 (Figure 51b). The fluorescence 

emission of PMA-2A was monitored at 375 nm with excitation wavelength of 342 nm 

(Figure 51c). 
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Figure 51 (a) Absorption spectrum of PMA-2A (10 IJM) with the maximum wavelength of 

342 nm. (b) The linear plot of PMA-2A absorbance at 342 nm versus [PMA-2Al (2-20 IJM) 

with linear dependent coefficient (R2) of 0.9981. (c) Fluorescence spectrum of PMA-2A 

(0.5 IJM) with excitation wavelength at 342 nm. All data were from the average of three 

experiments. 
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Synthesis of PMA-3A 

The product of PMA-3A was yellowish amorphous powder (26 mg, 66.67%) with 

m.p. of 160-161 °C. The product was characterized using UV-Vis, fluorescence, NMR and 

mass spectrometry. 1H NMR (300 MHz; ds-DMSO): 8.5 (1 H, t, NH), 8.0-8.4 (9H, m, ArH), 

5.0 (2H, d, ArCH2N), 2.2-2.3 (4H, m, 2x COCH2). 1.8-1.9 (2H. m. CH2 ) (Figure 52); MS (ES): 

m/z (%) 346.1 [M+Ht. 

5.0 
o 0 II 1.8-1.9 II 
N~OH 
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8.5 

8.0-8.4 

Figure 52 Characterization of PMA-3A by 1H NMR. 

The maximum absorption wavelength of PMA-3A was 342 nm (Figure 53a). Molar 

extinction coefficient (E) of PMA-3A was 3.87 x 104 M-1 cm-1 (Figure 53b). The fluorescence 

emission of PMA-3A was monitored at 375 nm with excitation wavelength of 342 nm 

(Figure 53c). 
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Figure 53 (a) Absorption spectrum of PMA-3A (10 IJM) with the maximum wavelength of 

342 nm. (b) The linear plot of PMA-3A absorbance at 342 nm versus [PMA-3A] (2-20 lJM) 

with linear dependent coefficient (R2) of 0.9956. (c) Fluorescence spectrum of PMA-3A 

(0.5 lJM) with excitation wavelength at 342 nm. All data were from the average of three 

experiments. 
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1.2 Protein photocleavage by new chemical reagents 

Protein photocleavage reactions were successfully completed by irradiation at 342 nm 

(from a 150 W xenon lamp) to the mixture solution containing protein (15 J,lM), new 

photochemical reagent (15 J,lM) and CoHA (1 mM), in 50 mM Tris-HCI buffer, pH 7.0 (total 

volume 200 J,ll) at room temperature for 20 min, as demonstrated in Table 8. The peptide 

fragments from protein cleavage were demonstrated in sodium dodecyl sulfate­

polyacrylamide gel electrophoresis (SOS-PAGE) experiment. The gel was scanned with an 

Epson scanner (TX220), and the product yields were quantitated using ImageJ 

program. The model proteins used in this study are avidin, lysozyme, a-chymotrypsin, 

J3-lactoglobulin B, myoglobin, bovine serum albumin (BSA), Human serum albumin 

(HSA), a-casein, pepsin, concanavalin A and J3-glucosidase. 

Table 8 The success of protein photocleavage reaction. 

protein PMA-1A PMA-2A PMA-3A 

avidin ~ ~ ~ 

lysozyme ~ ~ ~ 

a-chymotrypsin X X X 

13- lactoglobulin B X X X 

myoglobin X X X 

HSA X X X 

BSA X X X 

a-casein X X X 

pepsin X X X 

concanavalin A X X X 

J3-glucosidase X X X 

V' = occurred photocleavage reaction 

X = un-occurred photocleavage reaction 
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From the SOS-PAGE experiments, PMA-1A, PMA-2A, PMA-3A cleaved only avidin 

and lysozyme. At least two peptide fragments were observed from the cleavage of avidin 

(Figures 54-56). Protein photocleavage was not achieved in the absence of either 

photochemical reagent, CoHA or light. SOS-PAGE of other proteins that were not cleaved 

by PMA-1A, PMA-2A and PMA-3A are demonstrated in the appendix (Figures 100-126). 

1 2 3 4 5 6 7 8 9 10 

21.5 

14.4 ---------+- product 1 

6.0 --------+- product 2 

Figure 54 Photocleavage of avidin obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: avidin (15 f,JM), PMA-1A (15 f,JM) and CoHA (1 mM), dark control 

Lane 3: avidin (15 f,JM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: avidin (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: avidin (15 f,JM), dark control 

Lane 6: avidin (15 IJM), 342 nm, 20 min 

Lane 7: avidin (15 IJM) and CoHA (1 mM), dark control 

Lane 8: avidin (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: avidin (15 IJM) and PMA-1A (15 IJM), dark control 

Lane 10: avidin (15 IJM) and PMA-1A (15 IJM), 342 nm, 20 min 

21.5 

14.4 

6.0 

1 2 3 4 5 6 7 8 9 10 

product 1 

product 2 

Figure 55 Photocleavage of avidin obtained from the reaction with PMA-2A. 



Lane 1: molecular weight markers (kDa) 

Lane 2: avidin (15 J,JM), dark control 

Lane 3: avidin (15 J,JM), 342 nm, 20 min 

Lane 4: avidin (15 J,JM) and CoHA (1 mM), dark control 

Lane 5: avidin (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 6: avidin (15 J,JM) and PMA-2A (15 J,JM), dark control 

Lane 7: avidin (15 J,JM) and PMA-2A (15 J,JM), 342 nm, 20 min 

Lane 8: avidin (15 J,JM), PMA-2A (15 J,JM) and CoHA (1 mM), dark control 

Lane 9: avidin (15 J,JM), PMA-2A (15 J,JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 10: avidin (15 J,JM), PMA-2A (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

21.5 

14.4 

6.0 

1 2 3 4 5 6 7 8 9 10 

--------+-- product 1 

---------:-- product 2 
._---_._._- ~-------' 

Figure 56 Photocleavage of avidin obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: avidin (15 J,JM), PMA-3A (15 J,JM) and CoHA (1 mM), dark control 

Lane 3: avidin (15 J,JM), PMA-3A (15 J,JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: avidin (15 J,JM), PMA-3A (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: avidin (15 J,JM), dark control 

Lane 6: avidin (15 J,JM), 342 nm, 20 min 

Lane 7: avidin (15 J,JM) and CoHA (1 mM), dark control 

Lane 8: avidin (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: avidin (15 J,JM) and PMA-3A (15 J,JM), dark control 

Lane 10: avidin (15 J,JM) and PMA-3A (15 J,JM), 342 nm, 20 min 

57 
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In case of avidin, all three photochemical reagents (PMA-1A, PMA-2A, PMA-3A) 

cleaved avidin after only 1 min of irradiation (Figures 57a-57c). Increasing time of irradiation 

(1-20 min) increased the photoproduct yields (Figures 58a-58c). The product yields obtained 

from three photochemical reagents are slightly different. The maximum photoproduct yields 

can be summarized in Table 9. 

57a 
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Figure 57 SOS-PAGE of photoproducts obtained from the reaction of avidin with the 

photochemical reagents, (a) PMA-1A, (b) PMA-2A and (c) PMA-3A. Lane 1: molecular 

weight markers (kOa). Lane 2: avidin (15 IJM), photochemical reagents (15 IJM) and 

CoHA (1 mM), dark control Lanes 3-7: avidin (15 IJM), photochemical reagents (15 IJM) 

and CoHA (1 mM), 342 nm (1, 5, 10, 15 and 20 min, respectively). 
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Figure 58 Photoproduct yields obtained from the reaction of photocleavage of avidin with 

photochemical reagents, (a) PMA-1A, (b) PMA2A and (c) PMA-3A. 

Table 9 The maximum photoproduct yields obtained from SDS-PAGE. 

Photocleavage of 

avidin/photochemical reagents 

PMA-1A 

PMA-2A 

PMA-3A 

% maximum photoproduct % maximum photoproduct 

yields of product 1 yields of product 2 

20.44 14.07 

19.70 12.16 

20.07 13.71 
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The distances of standard proteins (Rf) are shown in Table 10. Molecular weights of 

two bands of the cleaved fragments from avidin cleavage are approximately 9.4 kOa and 

4.8 kOa, as calculated from a linearity standard curve between logarithm of molecular 

weight of protein (log M) and distances of standard proteins (markers) (Figure 59). 

Table 10 The distances of standard proteins obtained from SOS-PAGE. 

Molecular weight of protein 

(kOa) 

200 

116.3 

97.4 

66.3 

55.4 

36.5 

31 

21.5 

14.4 

6 

3.5 

2.5 

c 
2 Qi ... 

f 
1.5 Go -0 

~ 
:E 

1 

OD 
0.5 oS! 

0 
0 

Rf 

(cm) 

0.1 

0.2 

0.3 

0.5 

0.7 

1.5 

1.7 

2.35 
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Figure 59 A standard curve of molecular weight markers for calculation of molecular 

weights of the cleaved fragments. 
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In case of lysozyme, the cleavage was achieved after irradiation of the mixture of 

lysozyme (15 J.lM), the photochemical reagents (PMA-1A, PMA-2A or PMA-3A) (15 J.lM) and 

CoHA (1 mM) at 345 nm (Figures 60-62) for 20 min. However. the cleavage of lysozyme 

was not achieved from the reaction with natural products (berberine and piperine). 

1 2 3 4 5 6 7 8 9 10 
14.4 ~_, 

6.0 
product 1 

Figure 60 Photocleavage of lysozyme obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: lysozyme (15 J.lM), PMA-1A (15 J.lM) and CoHA (1 mM), dark control 

Lane 3: lysozyme (15 J.lM), PMA-1A (15 J.lM) and CoHA (1 mM). 342 nm, 10 min 

Lane 4: lysozyme (15 J.lM), PMA-1A (15 J.lM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: lysozyme (15 J.lM). dark control 

Lane 6: lysozyme (15 J.lM), 342 nm, 20 min 

Lane 7: lysozyme (15 J.lM) and CoHA (1 mM). dark control 

Lane 8: lysozyme (15 J.lM) and CoHA (1 mM). 342 nm. 20 min 

Lane 9: lysozyme (15 J.lM) and PMA-1A (15 J.lM), dark control 

Lane 10: lysozyme (15 J.lM) and PMA-1A (15 J.lM). 342 nm, 20 min 
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Figure 61 Photocleavage of lysozyme obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: lysozyme (15 J.lM), dark control 

Lane 3: lysozyme (15 J.lM), 342 nm, 20 min 

Lane 4: lysozyme (15 J.lM). PMA-2A (15 J.lM) and CoHA (1 mM), dark control 



Lane 5: lysozyme (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 6: lysozyme (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 7: lysozyme (15 IJM) and PMA-2A (15 IJM), dark control 

Lane 8: lysozyme (15 IJM) and PMA-2A (15 IJM), 342 nm, 20 min 

Lane 9: lysozyme (15 IJM) and CoHA (1 mM), dark control 

Lane 10: lysozyme (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

1 2 3 4 5 6 7 8 9 10 

14.4 f ~ 
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I 

Figure 62 Photocleavage of lysozyme obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: lysozyme (15 IJM), PMA-3A (15 IJM) and CoHA (1 mM), dark control 

Lane 3: lysozyme (15 IJM), PMA-3A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: lysozyme (15 IJM), PMA-3A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: lysozyme (15 IJM), dark control 

Lane 6: lysozyme (15 IJM), 342 nm, 20 min 

Lane 7: lysozyme (15 IJM) and CoHA (1 mM), dark control 

Lane 8: lysozyme (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: lysozyme (15 IJM) and PMA-3A (15 IJM), dark control 

Lane 10: lysozyme (15 IJM) and PMA-3A (15 IJM), 342 nm, 20 min 
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The cleavage of lysozyme from the reaction with three synthesized photochemical 

reagents resulted in one cleavage position. The cleavage was observed after the reaction 

mixture was irradiated only for 1 min (Figures 63a-63c). The cleavage of lysozyme yielded 

two peptide fragments. However, only one peptide fragment can be observed on the gel 

due to very low molecular weight of the other cleaved fragment. 



63a 

63b 

63c 

14.4 

6.0 

1234567 

1234567 

1234567 

14.4 c:::::::=::.~(",,,,,,}:, , , 

6.0 .,. " 

63 

--+ product 1 

__ product 1 

'--+ product 1 

Figure 63 SOS-PAGE of photoproducts obtained from the reaction of lysozyme with the 

photochemical reagents, (a) PMA-1A, (b) PMA-2A and (c) PMA-3A. Lane 1: molecular 

weight markers (kOa). Lane 2: lysozyme (15 lJM), photochemical reagents (15 lJM) and 

CoHA (1 mM), dark control. Lanes 3-7: lysozyme (15 lJM), photochemical reagents (15 lJM) 

and CoHA (1 mM), 342 nm, (1, 5, 10, 15 and 20 min, respectively). 

The product yields of peptide fragments obtained from the reaction of lysozyme with 

the three photochemical reagents are slightly different (Figures 64a-64c). The maximum 

photoproduct yields can be summarized in Table 11. 
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Figure 64 The product yields of photocleavage of lysozyme from the reaction with 

photochemical reagents, (a) PMA-1A, (b) PMA2A and (c) PMA-3A. 
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Table 11 The maximum photoproduct yields obtained from SOS-PAGE. 

Photocleavage of lysozyme/photochemical reagents % maximum photoproduct yields 

PMA-1A 36.11 

PMA-2A 37.52 

PMA-3A 40.27 

Molecular weight of the peptide fragment of lysozyme is -9.7 kOa, as calculated 

from the standard curve (Figure 65). The distances of standard proteins (Rt) are shown in 

Table 12. 

Table 12 The distances of standard proteins for calculation molecular weight of 

photoproducts obtained from lysozyme cleavage by photochemical reagents. 

Molecular weight of protein Rt logMW 

(kOa) (cm) 

200 0.1 2.301029996 

116.3 0.2 2.065579715 

97.4 0.25 1.988558957 

66.3 0.4 1.821513528 

55.4 0.5 1.743509765 

36.5 1.05 1.562292864 

31 1.2 1.491361694 

21.5 1.6 1.33243846 

14.4 2.1 1.158362492 

6 3 0.77815125 

3.5 3.6 0.544068044 
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Figure 65 A standard curve of molecular weight markers for calculation of molecular 

weights of the cleaved fragments. 

1.3 Protein transfer by western blot for amino acid sequencing analysis. 

For amino acid sequencing studies, the peptide fragments from the gel were 

transferred to PVDF membrane by applying the electricity at 60 rnA for 1.5 h using the 

WetlTank Blotting Systems (BIORAD) with CAPS buffer, pH 10.5. Peptide fragments on 

PVDF membrane were stained with Coomassie brilliant blue (0.1 % Coomassie brilliant blue 

R-250 in 40% methanol and 1 % acetic acid). The desired protein fragments were analyzed 

at Midwest Analytical, Inc., MO, USA for amino acid sequence. 

N-terminal amino acid sequencing of the first peptide fragment (product 1) of 

avidin from the reaction with PMA-1A, PMA-2A and PMA-3A indicated the residues 

ARKCS (-8.4 kDa), which is known as N-terminal sequence of avidin (Delange; & 

Huang. 1971: 698-709), while N-terminal amino acid sequencing of peptide fragments 

(product 2) indicated the major residues VFTGQ (-5.9 kDa). Thus, the sequencing data of 

all the three photochemical reagents indicated that the major cleavage site of avidin 

occurred between Thr77 and Va178. However, from the reaction of PMA-1A, a minor 

cleavage site of avidin indicated residues KFSES. This minor cleavage site of avidin 

occurred between Trp70-lys71. Moreover, another cleavage sequence (AVTAT) was 

observed from the reaction of PMA-3A, suggesting a minor cleavage site of avidin 

between Thr35-Ala36 which was not observed with the other two photoreagents. The 

cleavage patterns of avidin from the reaction of all the three photochemical reagents are 

shown in Figures 66a-66c. 
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In addition, in case of lysozyme, N-terminal amino acid sequencing of peptide 

fragment (product 1) of lysozyme obtained from the reaction with PMA-1A, PMA-2A and 

PMA-3A indicated the residues LVFGR, which is the N-terminal sequence of lysozyme. 

However, the other peptide fragment of lysozyme was too faint and unable to be isolated 

from the gel. Molecular weight of fragment 1 is approximately 9.7 kOa. From the 

estimation of molecular weight of fragment 1, the cleavage sites of avidin may occur 

between lIe88-Thr89 (Figure 67). 

66a 
N-terminal fragment C-terminal fragment (-5 kOa) 

HzN-Ala-Arg-... -Asn-Trp(70) - Lys(71)-Phe-Ser-Glu-Ser-Thr-Thr(77) - Val(78)-Phe-Thr-Gly-Gln-••• -Lys-Glu-COOH 

1 1 
Minor Major 

66b 
N-termlnal fragment C-terminal fragment (-5 kOa) 

HzN-Ala-Arg-Lys-Cys-Ser-Leu-Thr-Gly-Thr ... -5er-GIu-Ser-Thr-Thr(77) - Val(78)-phe-Thr-GIy-Gln-... -Lys-Glu-COOH 

1 
Major 

66c 
N-terminal fragment C-terminal fragment (-5 kOa) 

HzN-Ala-Arg-... -Thr-Thr(35) - Ala(36)-Val-Thr-Ala-Thr-... -Thr-Thr(77) - Val(78)-Phe-Thr-Gly-Gln-... -Lys-Glu-COOH 

t t 
Minor Major 

Figure 66 The major and minor cleavage sites of avidin from the reaction of PMA-1A (a), 

PMA-2A (b) and PMA-3A (c). 

N-terminal fragment ("'9.7 kDa) C-terminal fragment 

HzN-Lys-Val-Phe-Gly.Arg •••• -leu-Ser-Ser-Asp-lle(88) - Thr(89)-Ala-Ser-Val-Asn-••• ·Arg-Gly-Cys-Arg-Leu-COOH 

t 
cleavage sites 

Figure 67 The cleavage sites of lysozyme from the reaction with three photochemical 

reagents. 
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The protein photocleavage reaction is initiated when CoHA quenches of the excited 

pyrene to produce pyrene cation radical (py+e), followed by hydrogen atom abstraction at 

a-carbon from the amino acid by pyrene cation radical (Py +e) to produce a-carbon radical. 

The addition of oxygen to a-carbon radical results in hydroperoxyl radical, subsequently 

that could eventually lead to hydrolysis of the peptide backbone. This mechanism was 

proposed in the previous studies in which the intermediates were obtained from laser flash 

photolysis experiments. (Kumar; et a!. 1998: 10361-10366) (Figure 68). 

PMA-1A 
light 

+ Co3+ PMA-1A+' + C02+ 

HOH OH 
R1-6-~-N-R2 . -t I 

PMA-1A+' + R1-C -N-R2 (I) 
CH2R CH2R 

O2 
'0 
bOH 

HO 
bOH 

(I) R1-C-~-N-R2 
CH2R 

R1-t-t-N-R2 
~HR 

(II) 

-H02-- OH 0 
(II) R1-C-~-N-R2 R1-C-t-OH + H2N-R2 

~HR ~HR 

Figure 68 Proposed mechanism of protein photocleavage by photochemical reagent. 

1.4 The interactions of new photochemical reagents with proteins. 

Binding interaction 

All of absorption spectra of PMA-1A, PMA2A, PMA3A (10 ~M) with increasing 

concentrations of proteins (0-20 ~M, avidin or lysozyme) were recorded in the range of 

300-400 nm on a Shimadzu UV-2401 PC UV-VIS spectrophotometer. 

The new photochemical reagents (PMA-1A, PMA-2A and PMA-3A) influence to 

conformational changes of avidin. The absorption spectra of PMA-1A1avidin, PMA-2A1avidin 

and PMA-3A1avidin resulted in hypochromism (decreased by 30%, 17% and 36%, 

respectively) (Figures 69-71). Moreover, bathochromic shift (2 nm) was observed in 

PMA-3A/avidin absorption band with isosbestic points at 328, 333, and 344 nm. The 
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binding constant can be calculated by Scatchard equation (discussed in chapter 2), 

and the results are demonstrated in Table 13. 

Table 13 Binding constants and other binding properties of probe/avidin. 

Binding interaction 

Absorbance 

shifts 

GI u 
c 
(U 

.Q ... 
0 
VI 

.Q 
<[ 

0.6 

0.5 
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0.3 
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0 
300 

PMA-1 Navidin 

6.2 x 105 

Hypochromic 

(-30%) 

PMA-2Navidin 

6.7 X 105 

Hypochromic 

(-17%) 

PMA-3Navidin 

4.6 x 105 

Hypochromic 

(-36%) 

10 11M PMA·1A + 20 11M avidin 

320 340 360 

Wavelength (nm) 

Figure 69 Absorption spectra of PMA-1A (10 IJM) in the absence (blue) and presence (red) 

of avidin (0-20 IJM). 

0.6 

0.5 
GI u 0.4 c 
(U 

.Q 
0.3 ... 

0 
VI 

10 11M PMA·2A 
10 11M PMA·2A + 20 11M avidin 

.Q 0.2 <[ 

0.1 

0 
300 320 340 360 

Wavelength (nm) 

Figure 70 Absorption spectra of PMA-2A (10 IJM) in the absence (blue) and presence (red) 

of avidin (0-20 IJM). 
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Figure 71 Absorption spectra of PMA-3A (10 IJM) in the absence (blue) and presence (red) 

of avidin (0-20 IJM). 

In case of lysozyme, hypochromic shifts were observed in the absorption spectra of 

PMA-1A11ysozyme, PMA-2AIIysozyme and PMA-3N1ysozyme (decreased by 23%,22% and 

20%, respectively) (Figures 72-74). Binding constants and other binding properties obtained 

from the interaction between new photochemical reagents with lysozyme are shown in 

Table 14. 

Table 14 Binding constant and other binding properties of probenysozyme. 

Binding interaction 

Absorbance 

shifts 

~ c 
nI 

..Q ... 
0 
II) 

..Q 
4; 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

PMA-1 Nlysozyme 

300 

1.7x105 

Hypochromic 

(-23%) 

320 

PMA-2N1ysozyme 

2.4 x 105 

Hypochromic 

(-22%) 

PMA-3A1lysozyme 

1.9 X 105 

Hypochromic 

(-20%) 

10 11M PMA·1A + 20 11M lysozyme 

340 360 

Wavelength (nm) 

Figure 72 Absorption spectra of PMA-1A (10 IJM) in the absence (blue) and presence (red) 

of lysozyme (0-20 )JM). 
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Figure 73 Absorption spectra of PMA-2A (10 ~M) in the absence (blue) and presence (red) 

of lysozyme (0-20 ~M). 
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Figure 74 Absorption spectra of PMA-3A (10 ~M) in the absence (blue) and presence (red) 

of lysozyme (0-20 11M). 

Binding interaction results indicated that binding constants of PMA-1A, PMA-2A and 

PMA-3A bound to avidin were higher than those bound to lysozyme. These hypochromisms 

of the absorption spectra indicated that the pyrenyl chromophore could be located at the 

hydrophobic sites on the protein. Therefore, the side chain and functional group of the 

probe play an important role in the binding interaction which can effect protein 

conformational changes, as demonstrated from above spectral changes. 
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Fluorescence quenching studies 

The fluorescence spectra of the mixtures of PMA-1A, PMA-2A or PMA-3A (0.5 IJM) 

in the absence and presence of protein (10 IJM, avidin or lysozyme), by titration with CoHA 

(0-1 mM), were recorded in the range of 350-550 nm with excitation at 342 nm. The 

fluorescence intensities of three probes decreased when increasing concentration of CoHA. 

Stem-Volmer quenching constant (Ksv) can be calculated from the slope of the plot between 

the ratio of fluorescence intensity in the absence and presence of the quencher (loll) as a 

function of quencher concentration [CoHA] (Figures 75a-75c). 

In the absence of protein, analysis of the fluorescence quenching data of PMA-1A, 

PMA-2A and PMA-3A by CoHA indicated the Ksv values of 1.93 x103 M-\ 2.64 x103 M-1, 

1.76 x 1 03 M-1
, respectively. 

In the presence of avidin, analysis of the fluorescence quenching data of PMA-1A, 

PMA-2A and PMA-3A by CoHA indicated the Ksv values of 1.94 x103 M-1
, 2.36 x103 M-1

, 

1.49 x 1 03 M-1 
, respectively. 

In addition, in the presence of lysozyme, analysis of the fluorescence quenching 

data of PMA-1A, PMA-2A and PMA-3A by CoHA indicated the Ksv values of 2.00 x103 M-1, 

2.61 x103 M-1, 1.60 x103 M-1
, respectively. 

Quenching constant, obtained from the slope of the linear regression curve of 

Stem-Volmer equation (discussed in chapter 2), can be demonstrated in Table 15. 

Table 15 Stem-Volmer quenching constants (Ksv) of PMA-1A, PMA-2A and PMA-3A. 

Photochemical reagents PMA-1A PMA-2A PMA-3A 

Ksv (free form), 1.93 x103 2.64 x103 1.76 x103 

Ksv (bound with avidin), 1.94 x103 2.36 x103 1.49 x103 

Ksv (bound with lysozyme), 2.00 x103 2.61 x103 1.60 x103 
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Figure 75 The Stem-Volmer plots of new photochemical reagents (0.5 IJM) by titration with 

CoHA (0-1.0 mM), in the absence of protein (0), in the presence of avidin (10 IJM) (0) 

and in the presence of lysozyme (10 IJM) (O), the fluorescence quenching data of 

PMA-1A (a), PMA-2A (b) and PMA-3A (c). 
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The Ksv values of PMA-1A in the absence and presence of the protein (avidin or 

lysozyme) showed no differences, indicating that the probe bound at the surface of 

avidin. Ksv values of PMA-2A, with CoHA quenching, reduced by 11% and only 1% in 

the presence of avidin and lysozyme. respectively. Ksv values of PMA-3A, with CoHA 

quenching, reduced by 15% and 9% in the presence of avidin and lysozyme, 

respectively. These Ksv values suggested the accessibility of CoHA to quench the 

photochemical reagents upon binding to the protein. These Ksv values are consistent with 

the photoproduct yields from above experiments, indicating that the probe bind near the 

surface of the protein with sufficient exposure to the solvent. Therefore, deeply buried probe 

in the protein matrix could lead to less reactive intermediates generated on light excitation, 

resulting to less product yields. 

1.5 Binding mechanism of new photochemical reagents with the proteins. 

The crystal structures of avidin (1AVD) and lysozyme (4HPI) were downloaded from 

the Protein Data Bank. Since the pH of mixture solution reaction (pH = 7.0) was higher than 

the pKa of malonic acid (pH -5.69), succinic acid (-5.6) and glutaric acid (pH 5.22), anionic 

forms of these probes were expected (Figures 76a-76c). Binding positions of new 

photochemical reagents on the proteins were studied in computational modelling. 
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a a 

N~O-
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76c 

Figure 76 The structures of (a) anionic PMA-1A, (b) anionic PMA-2A and (c) anionic PMA-3A. 

In case of avidin, docking studies demonstrated that anionic PMA-1A, anionic PMA-2A 

and anionic PMA-3A bound to avidin at similar sites. The results are related to the same 

major cleavage site (Thr77 - Va178) obtained from photocleavage experiments. Moreover, 

docking results indicated that anionic PMA-1A, anionic PMA-2A and anionic PMA-3A bound 

on the part of hydrophilic site and hydrophobic site of avidin. These photochemical reagents 

bound to avidin by hydrogen bonding with the minimum of binding free energies of -8.88, 

-9.32 and -8.67 kcallmol, respectively. The data are consistent with the binding constants (Kt,) 

obtained from the absorption titration experiments. The lower binding free energy from the 

docking studies indicated higher stability for binding interaction. The binding free energy of 

PMA-2A was lower than that of PMA-1A and PMA-3A, which was correlated to the binding 

constants obtained from the absorption titration experiments (Table 16). 

Table 16 Binding constant of probe/avidin from absorption titration studies and binding free 

energy from docking studies. 

Binding interaction 
Binding constant binding free energy 

(M-1) (kcallmol) 

PMA-1A (10 IJM) + avidin (0-20 J-IM) 6.2 x 105 -8.88 

PMA-2A (10 J-IM) + avidin (0-20 J-IM) 6.7 x 105 -9.32 

PMA-3A (10 J-IM) + avidin (0-20 J-IM) 4.6 x 105 -8.67 
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In case of avidin/anionic PMA-1A, the amino acid residues, lining along the binding 

site with donor-acceptor within the distance of less than 5 A. were comprised of Asn12, 

Leu14, Ser16, Tyr33 , Thr35, Va137, Thr38, Ala39 , Thr40, Trp70, Phe72 , Ser73 , Ser75, 

Thr77, Phe79, Trp97, leu99, lIe117 and Asn118 with three hydrogen bonding interactions of 

anionic PMA-1A with Ala39, Thr40 and Ser73 of avidin (Figures 77a-77c). 

77a 

77b 

77c 

Figure 77 (a) The binding location of PMA-1A on the part of hydrophilic site and 

hydrophobic site of avidin. (b) The amino acid residues of avidin surrounding PMA-1A 

within the distance of less than 5 A. (c) Three hydrogen bonding interactions of anionic 

PMA-1A with three amino acid residues of avidin (dotted green lines). 



77 

In case of avidin/anionic PMA-2A, the amino acid residues, lining along the binding 

site with donor-acceptor within the distance of less than 5 A, were comprised of Leu14, 

Thr35 , Va137, Thr38, A1a39, Thr40, Trp70, Phe72 , Ser73, Ser75, Thr77, Phe79, Trp97 , 

Leu99, IIe117 and Asn118 with five hydrogen bonding interactions of anionic PMA-2A with 

Thr35, Ala39, Thr40, Ser73 and Ser75 of avidin (Figures 78a-78c). 

78a 

78b 

78c 

Figure 78 (a) The binding 10cation of PMA-2A on the part of hydrophilic site and 

hydrophobic site of avidin. (b) The amino acid residues of avidin surrounding PMA-2A 

within the distance of less than 5 A. (c) Five hydrogen bonding interactions of anionic 

PMA-2A with five amino acid residues of avidin (dotted green lines). 
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In case of avidin/anionic PMA-3A, the amino acid residues, lining along the binding 

site with donor-acceptor within the distance of less than 5 A, were comprised of Leu14, 

Thr35, Val37, Thr38, Ala39, Thr40, Trp70, Phe72, Ser73 , Ser75, Thr77, Phe79, Trp97 , 

Leu99, Ser101, lIe117 and Asn 118 with three hydrogen bonding interactions of anionic 

PMA-3A with Thr35, Ser73 and Ser75 of avidin (Figures 79a-79c). 

79a 

79b 

79c 

Figure 79 (a) The binding location of PMA-3A on the part of hydrophilic site and 

hydrophobic site of avidin. (b) The amino acid residues of avidin surrounding PMA-3A 

within the distance of less than 5 A. (c) Three hydrogen bonding interactions of anionic 

PMA-3A with three amino acid residues of avidin (dotted green lines). 
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From above experimental data, the docking results were related to the major 

cleavage site of avidin (between Thr77-VaI78) from the reaction with three photochemical 

reagents. The distances between Val78 and three photochemical reagents were 

insignificantly different. Moreover, the minor cleavage site of avidin, occurred between 

Trp70-Lys71 from the reaction with PMA-1A, also can be explained by the docking 

studies. The distance of Lys71 of avidinwas closer to PMA-1A than PMA-2A and PMA-3A. 

Whereas, the distance of A1a36 of avidin (minor cleavage site of avidin by PMA-3A) was 

closer to PMA-3A than PMA-1A and PMA-2A. The distances between the new 

photochemical reagents and amino acid residues of avidin at cleavage site were 

demonstrated in Table 17. 

Table 17 The distances between the new photochemical reagents and amino acid residues 

at cleavage site of avidin. 

Amino acid residues of avidin 
Photochemical reagents 

Ala36 Lys71 Val78 

PMA-1A 6.065 A 6.428 A 7.567 A 
PMA-2A 5.518 A 6.886 A 7.518 A 
PMA-3A 5.369 A 7.682 A 7.449 A 

In case of lysozyme, docking studies results demonstrated that anionic PMA-1A, 

anionic PMA-2A and anionic PMA-3A bound to lysozyme at similar sites. Moreover, 

docking studies indicated the location of anionic PMA-1A, anionic PMA-2A and anionic 

PMA-3A on the part of hydrophilic site and hydrophobic site of lysozyme by hydrogen 

bonding with the minimum of binding free energies of -7.95, -8.50 and -8.36 kcal/mol, 

respectively. These data were consistent with the binding constants (~) obtained from the 

absorption titration experiments. 

In case of lysozyme/anionic PMA-1A, the amino acid residues, lining along the 

binding site with donor-acceptor within the distance of less than 5 A, were comprised of 

Glu35, Asp52 , Leu56, Gln57, lIe58, Asn59, Trp62 , Trp63 , lIe98 , Asn106, Ala107, Trp108, 

Val109 and Arg112 with a hydrogen bonding interaction of anionic PMA-1A with Arg112 of 

lysozyme (Figures 80a-80c). 
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SOa 

SOb 

SOc 

Figure 80 (a) The binding location of PMA-1A on the part of hydrophilic site and 

hydrophobic site of lysozyme. (b) The amino acid residues of lysozyme surrounding 

PMA-1A within the distance of less than 5 A. (c) A hydrogen bonding interaction of 

anionic PMA-1A with an amino acid residue of lysozyme (dotted green lines). 

In case of lysozyme/anionic PMA-2A, the amino acid residues, lining along the 

binding site with donor-acceptor within the distance of less than 5 A, were comprised of 

Phe34, Glu35, Asn46, Asp52 , Leu56, Gln57, lIe58 , Asn59, Trp62 , Trp63 , lIe98, Ala107, 

Trp108, Val109, Ala110, Asn113 and Arg114 with two hydrogen bonding interactions of 

anionic PMA-2A with Glu35 and Asn113 of lysozyme (Figures 81a-81c). 
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81a 

81b 

81c 

Figure 81 (a) The binding location of PMA-2A on the part of hydrophilic site and 

hydrophobic site of lysozyme. (b) The amino acid residues of lysozyme surrounding 

PMA-2A within the distance of less than 5 A. (c) Two hydrogen bonding interactions of 

anionic PMA-2A with two amino acid residues of lysozyme (dotted green lines). 

In case of lysozyme/anionic PMA-3A, the amino acid residues, lining along the 

binding site with donor-acceptor within the distance of less than 5 A, were comprised of 

Phe34, Glu35, Asp52, Leu56, Gln57, lIe58, Asn59, Trp62 , Trp63 , lIe98, Ala107, Trp108, 

Val109, Ala110, Asn113 and Arg114 with two hydrogen bonding interactions of anionic 

PMA-3A with Glu35 and Asn113 of lysozyme (Figures 82a-82c). 
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82a 

82b 

82c 

Figure 82 (a) The binding location of PMA-3A on the part of hydrophilic site and 

hydrophobic site of lysozyme. (b) The amino acid residues of lysozyme surrounding 

PMA-3A within the distance of less than 5 A. (c) Two hydrogen bonding interactions of 

anionic PMA-3A with two amino acid residues of lysozyme (dotted green lines). 

The observed binding free energies of all probes bound to avidin were less than 

those bound to lysozyme. The results corresponded to the binding constants of these 

probes bound to avidin and lysozyme. Therefore, the docking results confirmed the 

experimental data and supported the results from the photoreaction experiments. 
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2. Natural products 

2.1 Protein photocleavage by natural products. 

Protein photocleavage reactions were successfully achieved by irradiation at 

345 nm (from a 150 W xenon lamp) to the mixture solution containing protein (15 IJM). 

natural product (15 IJM) and CoHA (1 mM), in 50 mM Tris-HCI buffer, pH 7.0 (total 

volume 200 IJI) at room temperature for 20 min. as demonstrated in Table 18. The model 

proteins used in this study were avidin, lysozyme, a-chymotrypsin, f3-lactoglobulin B, 

myoglobin, bovine serum albumin (BSA). Human serum albumin (HSA). a-casein, pepsin, 

concanacalin A and J3-glucosidase. From the SOS-PAGE experiments, avidin was 

cleaved by berberine after 20 min of irradiation at 345 nm. SDS-PAGE of other proteins 

that were not cleaved by berberine, berberine derivatives (SST-29 and SST-31) and 

piperine are demonstrated in the appendix (Figures 127-169). Structures of berberine 

derivatives (SST-29 and SST-31) are demonstrated in Figure 83. Three peptide fragments 

of berberine were obtained from the photoreaction as shown in Figure 84. 

Table 18 The successful of protein photocleavage reaction. 

protein Berberine SST-29 SST-31 Piperine 

avidin ~ X X X 

lysozyme X X X X 

a-chymotrypsin X X X X 

13- lactoglobulin B X X X X 

myoglobin X X X X 

HSA X X X X 

BSA X X X X 

a-casein X X X X 

pepsin X X X X 

concanavalin A X X X X 

f3-glucosidase X X X X 

~ = occurred photocleavage reaction 

X = un-occurred photocleavage reaction 
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Figure 83 The structures of berberine derivatives (a) SST-29 and (b) SST-31. 
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Figure 84 Photocleavage of avidin obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: avidin (15 IJM). berberine (15 j.lM) and CoHA (1 mM). dark control 

Lane 3: avidin (15 IJM). berberine (15 j.lM) and CoHA (1 mM). 345 nm. 10 min 

Lane 4: avidin (15 j.lM). berberine (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: avidin (15 j.lM). dark control 

Lane 6: avidin (15 j.lM). 345 nm. 20 min 

Lane 7: avidin (15 IJM) and CoHA (1 mM). dark control 

Lane 8: avidin (15 IJM) and CoHA (1 mM). 345 nm. 20 min 

Lane 9: avidin (15 IJM) and berberine (15 j.lM). dark control 

Lane 10: avidin (15 IJM) and berberine (15 IJM), 345 nm, 20 min 

84 
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Photoproduct yields of three peptide fragments obtained from the reaction of 

photocleavage of avidin with berberine were shown in Figure 85. The distances of standard 

proteins (Rf) are shown in Table 19. Molecular weights of each peptide bands from the 

cleavage were estimated for 8.7 kDa, 5.6 kDa and 3.7 kDa (Figure 86). 
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Figure 85 Photoproduct yields obtained from the reaction of photocleavage of avidin with 

berberine. 

Table 19 The distances of standard proteins for calculation of molecular weight of 

photoproducts obtained from avidin cleavage by berberine. 

Molecular weight of protein Rf logMW 

(kDa) (cm) 

200 0.1 2.301029996 

116.3 0.2 2.065579715 

97.4 0.3 1.988558957 

66.3 0.5 1.821513528 

55.4 1.15 1.743509765 

36.5 1.3 1.562292864 

31 1.4 1.491361694 

21.5 1.9 1.33243846 

14.4 2.4 1.158362492 

6 3 0.77815125 

3.5 3.5 0.544068044 
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Figure 86 A standard curve of molecular weight markers for calculation of molecular 

weights of the cleaved fragments. 

2.2 Protein transfer by western blot for amino acid sequencing analysis. 

For amino acid sequencing studies, the peptide fragments from the gel were 

transferred to PVDF membrane by applying the electricity at 60 rnA for 1.5 h using the 

WetlTank Blotting Systems (BIORAD) with CAPS buffer, pH 10.5. Peptide fragments on 

PVDF membrane were stained with Coomassie brilliant blue (0.1 % Coomassie brilliant blue 

R-250 in 40% methanol and 1 % acetic acid). The desired protein fragments were analyzed 

at Midwest Analytical, Inc., MO, USA for amino acid sequence. 

N-terminal amino acid sequencing of the first peptide fragment (product 1) of 

avidin obtained from the reaction with berberine indicated the residues ARKCS, which is 

the N-terminal sequence of avidin. The other peptide bands (product 2 and product 3) of 

avidin on the gel from the reaction with berberine were too faint, resulting in the difficulty for 

protein transfer from gel to membrane. However, molecular weights of product 1, product 2 

and product 3, calculated from the standard curve, were -8.7 kDa, -5.6 kDa and -3.7 kDa, 

respectively, which can be used to predict the position of the cleavage site. From the 

estimation of molecular weights of product 2 and product 3, the cleavage site of avidin may 

occur between Thr80-Gly81 and Met96-Trp97, respectively (Figure 87). 
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Figure 87 The cleavage sites of avidin from the reaction of berberine. 

2.3 Binding interactions of natural products with proteins 

The absorption spectra of berberine (10 ~M) and its derivatives (10 ~M, 88T-29 or 

88T-31) with increasing concentration of protein (0-10 ~M, avidin or lysozyme) were 

recorded in the range of 300-400 nm on a 8himadzu UV-2401 PC UV-VI8 

spectrophotometer. 

Berberine and its derivatives (8ST-29 and 88T-31) influence to conformational 

changes of avidin. The absorption spectra of berberine/avidin resulted in hyperchromism 

(increased by 19%), whereas 88T-29/avidin and 88T-311avidin resulted in hypochromism 

(decreased by 31 % and 35%, respectively) (Figures 88-90). 
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Figure 88 Absorption spectra of berberine (10 ~M) in the absence (blue) and presence (red) 

of avidin (0-10 ~M). 
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Figure 89 Absorption spectra of SST-29 (10 J.lM) in the absence (blue) and presence (red) 

of avidin (0-10 IJM). 
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Figure 90 Absorption spectra of SST-31 (10 J.lM) in the absence (blue) and presence (red) 

of avidin (0-10 J.lM). 

In case of lysozyme, hyperchromic shifts were observed in the absorption spectra of 

berberinellysozyme, SST-29l1ysozyme and SST-31l1ysozyme (increased by 20%, 23% and 

13%, respectively) (Figures 91-93). 

The binding constant can be calculated by Scatchard equation (discussed in chapter 

2), and berberine, SST-29, SST-31 bound to both proteins with high constant that results 

are demonstrated in Table 20. These results indicated that the binding mechanism and 

environment surrounding berberine, SST-29, SST-31 could be different with three 

photochemical reagents. 
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Figure 91 Absorption spectra of berberine (10 IJM) in the absence (blue) and presence (red) 

of lysozyme (0-10 IJM). 
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Figure 92 Absorption spectra of SST-29 (10 IJM) in the absence (blue) and presence (red) 

of lysozyme (0-10 IJM). 
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Figure 93 Absorption spectra of SST-31 (10 IJM) in the absence (blue) and presence (red) 

of avidin (0-10 IJM). 
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Table 20 Binding constants and other binding properties of berberine/protein and berberine 

derivative/protein. 

Binding interaction Kt, (M-1) Absorbance shifts 

berberine/avidin 4.0 x 105 Hyperchromic (+19%) 

SST -29/avidin 6.1 x 105 Hypochromic (-31 %) 

SST -31/avidin 6.6 x 105 Hypochromic (-35%) 

berberinellysozyme 3.1 x 105 Hyperchromic (+20%) 

SST -29l1ysozyme 4.6 x 105 Hyperchromic (+23%) 

SST-31l1ysozyme 4.3 x 105 Hyperchromic (+13%) 

2.4 Binding mechanism of natural products with the proteins. 

Docking studies results indicated that the location of berberine and its derivatives 

(SST-29 and SST-31) bound on the part of hydrophilic site and hydrophobic site of avidin 

and lysozyme. Berberine and its derivatives (SST-29 and SST-31) bound to avidin by 

hydrogen bonding with the minimum of binding free energies of -7.90, -8.36 and -8.67 

kcallmol, respectively. The data were consistent with the binding constants (Kb) from 

above experiment. The lower binding free energy from the docking studies indicated 

higher stability for binding interaction. The binding free energy of SST-31 was lower than 

that of SST -29 and berberine, which was correlated to the binding constant obtained from 

the absorption titration experiments (Table 21). 

Table 21 Binding constant of berberine/avidin and its derivatives/avidin from absorption 

titration studies and binding free energy from docking studies. 

Binding interaction 

berberine (10 IJM) + avidin (0-10 IJM) 

SST-29 (10 IJM) + avidin (0-10 IJM) 

SST-31 (10 IJM) + avidin (0-10 IJM) 

Binding constant 

(M-1
) 

4.0 x 105 

6.1 x 105 

6.6 x 105 

binding free energy 

(kcallmol) 

-7.90 

-8.36 

-8.67 
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In case of avidinlberberine, the amino acid residues, lining along the binding site 

with donor-acceptor within the distance of less than 5 A, were comprised of Leu14, Tyr33 , 

Thr35 , Va137, Thr38, Ala39, Thr40, Trp70, Phe72, Ser73, Ser75, Thr77, Phe79, Trp97, 

Leu99, lIe117 and Asn118 with hydrogen bonding interactions between berberine and Ala39 

of avidin (Figures 94a-94c). Berberine aligned close to the cleavage sites of avidin at 

Thr80-Gly81 and Met96-Trp97 with distances of 11.39 A and 3.66 A. respectively. The data 

were related to the photocleavage experiments. 

94a 

94b 

94c 

Figure 94 (a) The binding location of berberine on the part of hydrophilic site and 

hydrophobic site of avidin. (b) The amino acid residues of avidin surrounding berberine 

within the distance of less than 5 A. (c) A hydrogen bonding interaction of berberine with 

an amino acid residue of avidin (dotted green lines). 
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In case of avidin/SST-29, the amino acid residues, lining along the binding site with 

donor-acceptor within the distance of less than 5 A, were comprised of Asp13, Leu14, 

Ser16, Tyr33 , Thr35, Vat37 , Thr38, Ala39, Thr40, Trp70, Phe72 , Ser73, Ser75, Phe79, 

Trp97, Leu99, Arg114, Val115, Gly116, lIe117 and Asn118 with a hydrogen bonding 

interactions of SST-29 with Ala39 of avidin (Figures 95a-95c). 

9Sa 

9Sb 

9Sc 

Figure 95 (a) The binding location of SST-29 on the part of hydrophilic site and hydrophobic 

site of avidin. (b) The amino acid residues of avidin surrounding SST-29 within the 

distance of less than 5 A. (c) A hydrogen bonding interaction of SST-29 with an amino 

acid residue of avidin (dotted green lines). 
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In case of avidin/SST-31, the amino acid residues, lining along the binding site with 

donor-acceptor within the distance of less than 5 A, were comprised of Asp13, Leu14, 

Ser16, Tyr33, Thr35, Va137, Thr38, Ala39, Thr40, Trp70, Phe72, Ser73, Ser75, Phe79, 

Trp97, Leu99, Arg114, Val115, Gly116, lIe117 and Asn118 with a hydrogen bonding 

interactions of SST-31 with Ala39 of avidin (Figures 96a-96c). 

96a 

96b 

96c 

Figure 96 (a) The binding location of SST-31 on the part of hydrophilic site and hydrophobic 

site of avidin. (b) The amino acid residues of avidin surrounding SST -31 within the 

distance of less than 5 A. (c) A hydrogen bonding interaction of SST-31 with an amino 

acid residue of avidin (dotted green lines). 
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In case of lysozyme, docking studies results demonstrated that berberine, SST-29 

and SST-31 bound to lysozyme at similar sites. Moreover, docking studies indicated the 

location of berberine. SST -29 and SST -31. binding on the part of hydrophilic site and 

hydrophobic site of lysozyme with hydrogen bonding with the minimum of binding free 

energies of -7.26, -8.26 and -8.21 kcal/mol, respectively. The binding free energy of 

SST-29 is lower than that of SST-31 and berberine, which was correlated to the binding 

constants obtained from the absorption titration experiments (Table 22). 

Table 22 Binding constant of berberinellysozyme and its derivativesllysozyme from 

absorption titration studies and binding free energy from docking studies. 

Binding interaction 

berberine (10 ~M) + lysozyme (0-10 IJM) 

SST-29 (10 IJM) + lysozyme (0-10 IJM) 

SST-31 (10 IJM) + lysozyme (0-10 IJM) 

Binding constant 

(M-1) 

3.1 x 105 

4.6 x 105 

4.3 x 105 

binding free energy 

(kcal/mol) 

-7.26 

-8.26 

-8.21 

In case of Iysozymelberberine, the amino acid residues, lining along the binding site 

with donor-acceptor within the distance of less than 5 A, were comprised of Glu35, Asn46, 

Asp52, Leu56, Gln57, lIe58, Asn59, Trp62, Trp63, Leu75, lIe9s, Asp101. Ala107, Trp108 

and Val109 with Pi(1t) interaction of berberine with Trp62 of lysozyme (Figures 97a-97c). 

97a 
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97b 

97c 

Figure 97 (a) The binding location of berberine on the part of hydrophilic site and 

hydrophobic site of lysozyme. (b) The amino acid residues of avidin surrounding 

berberine within the distance of less than 5 A. (c) Pi(1t) interaction of berberine with an 

amino acid residue of lysozyme (orange lines). 

In case of lysozyme/SST-29, the amino acid residues, lining along the binding site 

with donor-acceptor within the distance of less than 5 A, were comprised of Asp48, Ser50, 

Asp52 , Leu56, Gln57, lIe58, Asn59, Trp62 , Trp63 , lIe98, Val99, Ser100, Asp101, Gly102, 

Asn103, Gly104, A1a107 and Trp108 with three hydrogen bonding interactions of berberine 

with Gly102, Asn103 and Trp108 of lysozyme (Figures 98a-98c). 

9Sa 
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98b 

98c 

Figure 98 (a) The binding location of SST-29 on the part of hydrophilic site and hydrophobic 

site of lysozyme. (b) The amino acid residues of lysozyme surrounding SST-29 within 

the distance of less than S A. (c) Three hydrogen bonding interactions of SST -29 with 

three amino acid residues of lysozyme (dotted green lines). 

In case of lysozyme/SST-31, the amino acid residues, lining along the binding site 

with donor-acceptor within the distance of less than S A, were comprised of Asp48, Leu56, 

GlnS7, lIe58, Asn59, Trp62 , Trp63 , lIe98, Va199. Ser100. Asp101. Gly102. Asn103. Gly104. 

Ala107 and Trp108 with a hydrogen bonding interaction of berberine with Asn103 of 

lysozyme (Figures 99a-99c). 

99a 
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99b 

99c 

Figure 99 (a) The binding location of SST-31 on the part of hydrophilic site and hydrophobic 

site of lysozyme. (b) The amino acid residues of lysozyme surrounding SST-31 within 

the distance of less than 5 A. (c) A hydrogen bonding interaction of SST-31 with an 

amino acid residue of lysozyme (dotted green lines). 

Spectral changes of berberine, SST-29 and SST -31 in the presence of the protein 

indicated strong binding interaction with high binding constant. Berberine, SST -29 and SST-31 

showed stronger binding interaction with avidin than binding interaction with lysozyme. SST-31 

bound to avidin better than SST-29 and berberine bound to avidin, whereas SST-29 bound to 

lysozyme better than SST-31 and berberine bound to lysozyme. However, the product yields of 

photocleaved fragments obtained with the reaction with berberine were lower than that 

obtained with the reaction with the synthesized photochemical reagents. Therefore, the 

structure of berberine could be suitable (in size, shape, functional group, polarity and 

charged groups) for high specific and efficient cleavage of protein backbone. 



CHAPTER 5 

Conclusions and Recommendation 

The main objective of this desertation was to use new synthesized photochemical 

reagents and natural products to specifically bind to protein and cleave protein backbone. 

The binding properties of the synthesized photochemical reagents (PMA-1A, PMA-2A, PMA-

3A) and natural products (berberine and piperine), including their derivatives (SST-29 and 

SST-31) with proteins (avidin, lysozyme, a-chymotrypsin, p-Iactoglobulin B, myoglobin, 

BSA, HSA, a-casein, pepsin. concanacalin A and P-glucosidase) have been investigated. 

Photochemical reagents 

The results for photocleavage of proteins clearly showed that avidin can be 

specifically cleaved at one position, providing 2 fragments with molecular weights of 

-8.4 kOa and -5.9 kOa, by PMA-1A, PMA-2A, PMA-3A, in the presence of an electron 

acceptor (CoHA). Avidin photocleavage studies demonstrated high specificity, effiCiency 

and high photoproduct yields. The residues of fragment 1 of avidin/photochemical reagents 

was N-terminal sequence of avidin (ARKCS). The major residues of fragment 2 of 

avidin/photochemical reagents was VFTGQ, indicating that the major cleavage site of avidin 

occurred between Thr77 and Va178. From the known primary sequence of avidin, fragment 1 

(-8.4 kOa) was the N-terminal sequence, while fragment 2 (-5.9 kOa) was the C-terminal 

sequence of avidin. Moreover. the minor cleavage sites of avidin were also observed and 

demonstrated in Table 23. Photocleavage of lysozyme was also succeeded by these three 

synthesized photochemical reagents, resulting to two cleaved fragments with molecular 

weights of -9.7 kOa and -4.6 kOa. However, the 4.6 kDa fragment was too faint for 

subjecting to amino acid sequencing. 

Table 23 Photocleavage sites of avidin. 

Photoreagents 

major cleavage site 

minor cleavage site 

PMA-1A 

Thr77-Va178 

Trp70-Lys71 

PMA-2A 

Thr77-Va178 

PMA-3A 

Thr77-Val78 

Thr35-Ala36 
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The maximum absorption wavelength of all photochemical reagents was observed 

at 342 nm. Spectral changes of the photochemical reagents (PMA-1A, PMA-2A and PMA-

3A) in the presence of the proteins indicated strong binding interactions with high binding 

constants, as demonstrated in Table 24. The hypochromic shifts in the absorption bands of 

the PMA-1 Alavidin, PMA-2A1avidin, PMA-3A1avidin, PMA-1 AIIysozyme, PMA-2A11ysozyme 

and PMA-3A11ysozyme were obtained from the titration of the photochemical reagent with 

the protein (decreased by 30%, 17%, 36%, 23%, 22% and 20%, respectively). Spectral 

changes indicated that the binding mechanism could be different, which depended on the 

linker length, providing a strong evidence that the side chain of the probe plays an important 

role in the binding interaction with protein. 

Fluorescence quenching studies demonstrated that the binding sites were exposed 

to the quencher as the quenching constants of the bound probes were not significantly 

decreased. Therefore, the quencher (CoHA) can easily access to the photochemical 

reagents, giving high cleavage yields. The observed Ksv values paralleled with the cleavage 

yield, in which the cleavage yield decreased with the increase in the linker length. PMA-

1A1avidin showed no changing in the Ksv values, suggesting that PMA-1A could bind to 

avidin at more accessible site for the quencher than the other two reagants. The data 

supported the higher product yields obtained from the reaction of PMA-1A1avidin than that of 

the other two reagents. Since the other two reagents have some nominal protection from the 

quencher by the protein matrix, the accessibility to CoHA could be less. Access to the 

excited state by CoHA is essential to produce reactive intermediates at the binding site, 

upon the photoexcitation in the photocleavage studies. Therefore, deeply buried probe in the 

protein matrix could lead to less reactive intermediates generated on light excitation, 

resulting to less product yields. 

Mechanisms were demonstrated by molecular docking studies, indicating that the 

position of proteins photocleavage can occur in the proximity to the binding site of the probe 

on the protein. In addition, all probes bound to proteins by hydrogen bonding with minimum 

of binding free energy which indicated stability upon binding. The change in Gibbs free 

energy (AG) can be calculated by equation 25. This energy change indicated that binding 

interaction is spontaneous. Gibbs free energy from calculation related with binding free 

energy from docking studies. Binding free energies were consistent with the binding 

constants (Kt,) and Gibbs free energy from spectroscopic experiments, as demonstrated in 

Table 24. 
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Table 24 Binding constant (M-1
) from absorption titration studies, Gibbs free energy from 

calculation and binding free energy (kcallmol) from docking studies of probe/protein. 

Binding constant Gibbs free energy binding free energy 
Binding interaction 

from experiments from calculation from docking studies 

PMA-1A + avidin 6.2 x 105 -7.90 -8.88 

PMA-2A + avidin 6.7 x 105 -7.95 -9.32 

PMA-3A + avidin 4.6 x 105 -7.73 -8.67 

PMA-1A + lysozyme 1.7 x 105 -7.14 -7.95 

PMA-2A + lysozyme 2.4 x 105 -7.34 -8.50 

PMA-3A + lysozyme 1.9 x 105 -7.20 -8.36 

The molecular docking results supported above all photocleavage and spectroscopic 

results. In case of avidin. molecular docking studies indicated that the location of anionic 

PMA-1A. anionic PMA-2A. anionic PMA-3A bound to polar amino acid residues and 

nonpolar amino acid residues which are near the hydrophilic sites of avidin. In case of 

lysozyme, molecular docking studies indicated that anionic PMA-1A, anionic PMA-2A, 

anionic PMA-3A bound to polar uncharged amino acid residues. nonpolar amino acid 

residues and electrically charged amino acid residues of lysozyme. These binding sites 

were found to align near the surface of lysozyme. Therefore. a series of new synthesized 

fluorescent probes with variation of chain lengths has the potential to position the 

photochemical reagent at particular locations and influence the photocleavage site on the 

protein. 
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In this study, we have designed and synthesized new fluorescent probes that can 

specifically and efficiently cleave protein backbone. Moreover, these photochemical 

reagents can bind to proteins with high binding affinity. The structure of the probe should be 

suitable in size, shape, functional group, polarity and charged groups. From the results, side 

chain length the photochemical reagent can be systematically tuned to provide an excellent 

control over the cleavage site location. 

Natural products 

Using natural products is another altemative way to investigate probe/protein binding 

interaction. Avidin was successfully cleaved by berberine, in the presence of CoHA, while 

the reaction was not observed with piperine. The cleavage of avidin by berberine resulted in 

3 fragments (-S.7 kOa, -5.6 kOa and -3.7 kOa). The residues of fragment 1 (S.7 kOa) was 

N-terminal sequence of avidin (ARKCS). However, the 5.6 kOa and 3.7 kDa fragments were 

too faint for subjecting to amino acid sequencing, making inadequate data to predict the 

position of the cleavage site. However, from the estimation of molecular weights of fragment 

2 and fragment 3, the cleavage sites of avidin may occur between ThrSO-GlyS1 and Met96-

Trp97 , respectively. 

The maximum absorption wavelength of berberine, SST-29 and SST-31 were 345 

nm. Spectral changes of berberine, SST-29 and SST-31 in the presence of the protein 

indicated strong binding interaction with high binding constant. In case of avidin, binding 

constants of berberine/avidin, SST-29/avidin and SST-311avidin were 4.0 x 105 M-\ 6.1 x 

105 M-1 and 6.6 x 105 M-\ respectively. The hyperchromic shifts in the absorption bands 

were observed upon binding of berberine/avidin (increased by 19%) while hypochromic shifts 

in the absorption bands were observed upon binding of SST-29/avidin and SST-31/avidin 

(decreased by 31% and 35%, respectively). In case of lysozyme, binding constants of 

berberinenysozyme, SST-29nysozyme and SST-31nysozyme were 3.1 x 105 M-1
, 4.6 x 105 

M-1 and 4.3 x 105 M-1
, respectively. The hyperchromic shifts in the absorption bands were 

observed upon binding of berberinenysozyme, SST-29nysozyme and SST-31nysozyme 

(increased by 20%, 23% and 13%, respectively). Berberine and berberine derivatives (SST-

29 and SST-31) showed stronger binding interaction with avidin than binding to lysozyme. 

The mechanisms of berberine/protein, SST-29/protein and SST-311protein 

interactions were investigated in molecular docking studies. The cleavage site of protein 

from the photoreaction occurred in the proximity to the binding site of protein. In addition, all 

probes bound to proteins by hydrogen bonding with minimum of binding free energy which 
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indicated stability upon binding. In case of avidin, molecular docking studies indicated that 

all probes bound to polar amino acid residues and nonpolar amino acid residues of avidin 

which are near the hydrophilic sites of avidin. In case of lysozyme, molecular docking 

studies indicated that all probes bound to polar uncharged amino acid residues, nonpolar 

amino acid residues and electrically charged amino acid residues of lysozyme which 

aligned near the surface of lysozyme. Binding free energies were consistent with the 

binding constants (~) and Gibbs free energy from spectroscopic experiments, as 

demonstrated in Table 25. Gibbs free energy change indicated that binding interaction is 

spontaneous. 

Table 25 Binding constant (M-1
) from absorption titration studies, Gibbs free energy from 

calculation and binding free energy (kcallmol) from docking studies of probe/protein. 

Binding interaction 
Binding constant Gibbs free energy binding free energy 

from experiments from calculation from docking studies 

berberine + avidin 4.0 x 105 -7.64 -7.90 

SST -29 + avidin 6.1 x 105 -7.89 -8.36 

SST -31 + avidin 6.6 x 105 -7.94 -8.67 

berberine + lysozyme 3.1 x 105 -7.49 -7.26 

SST -29 + lysozyme 4.6 x 105 -7.73 -8.26 

SST-31 + lysozyme 4.3 x 105 -7.69 -8.21 

Moreover, binding constant of berberine, SST-29 and SST-31 in the presence of 

both proteins indicated strong binding interaction with high binding constant. Berberine, 

SST -29 and SST -31 showed stronger binding interaction with avidin than binding interaction 

with lysozyme. SST-31 bound to avidin better than SST-29 and berberine bound to avidin, 

whereas SST-29 bound to lysozyme better than SST-31 and berberine bound to lysozyme, 

indicating that the environment surrounding these probes could be different. Binding 

constant of berberine/protein was higher than binding constant obtained from the 

synthesized photochemical reagent/protein. 



103 

However, the product yields of photocteaved fragments obtained from the reaction 

with berberine were lower than that obtained from the reaction with the synthesized 

photochemical reagents. Therefore, the structure of berberine could be suitable (in size, 

shape, functional group, polarity and charged groups) for high specific and efficient 

cleavage of protein backbone. Development of berberine structure may be of interest for the 

improvement of photochemical reagents to provide important insights into the interactions of 

small ligand with protein in the future studies. 

Improvement of these fluorescent probes could be useful for converting larger 

proteins into smaller fragments, understanding protein-ligand interactions. The interaction of 

probe and protein will give more important insights in life sciences, chemistry, biology and 

pharmacology for the development of therapeutic drug design in the future. 
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APPENDIX 

Proteins were not cleaved by PMA-1A, PMA-2A, PMA-3A, berberine and piperine, 

as demonstrated in Figure 100-169. 
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Figure 100 Photocleavage of a-chymotrypsin obtained from the reaction with PMA-1 A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-chymotrypsin (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), dark control 

Lane 3: a-chymotrypsin (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-chymotrypsin (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: a-chymotrypsin (15 IJM), dark control 

Lane 6: a-chymotrypsin (15 IJM), 342 nm, 20 min 

Lane 7: a-chymotrypsin (15 IJM) and CoHA (1 mM), dark control 

Lane 8: a-chymotrypsin (15 IJMl and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-chymotrypsin (15 IJM) and PMA-1A (15 IJM), dark control 

Lane 10: a-chymotrypsin (15 IJM) and PMA-1A (15 IJM), 342 nm, 20 min 
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Figure 101 Photocleavage of p-Iactoglobulin B obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: p-Iactoglobulin B (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), dark control 



Lane 3: J3-lactoglobulin B (15 !-1M), PMA-1A (15 !-1M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: J3-lactoglobulin B (15 !-1M), PMA-1A (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: J3-lactoglobulin B (15 !-1M), dark control 

Lane 6: ~-Iactoglobulin B (15 !-1M), 342 nm, 20 min 

Lane 7: (3-lactoglobulin B (15 !-1M) and CoHA (1 mM), dark control 

Lane 8: J3-lactoglobulin B (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: J3-lactoglobulin B (15 !-1M) and PMA-1A (15 !-1M), dark control 

Lane 10: J3-lactoglobulin B (15 !-1M) and PMA-1A (15 !-1M), 342 nm, 20 min 
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Figure 102 Photocleavage of myoglobin obtained from the reaction with PMA-1 A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: myoglobin (15 !-1M), PMA-1A (15 !-1M) and CoHA (1 mM), dark control 

Lane 3: myoglobin (15 !-1M), PMA-1A (15 !-1M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: myoglobin (15 !-1M), PMA-1A (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: myoglobin (15 !-1M), dark control 

Lane 6: myoglobin (15 !-1M), 342 nm, 20 min 

Lane 7: myoglobin (15 !-1M) and CoHA (1 mM), dark control 

Lane 8: myoglobin (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: myoglobin (15 !-1M) and PMA-1A (15 !-1M), dark control 

Lane 10: myoglobin (15 !-1M) and PMA-1A (15 !-1M), 342 nm, 20 min 
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Figure 103 Photocleavage of HSA obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: HSA (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), dark control 

Lane 3: HSA (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: HSA (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm. 20 min 

Lane 5: HSA (15 IJM), dark control 

Lane 6: HSA (15 IJM), 342 nm, 20 min 

Lane 7: HSA (15 IJM) and CoHA (1 mM), dark control 

Lane 8: HSA (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: HSA (15 IJM) and PMA-1A (15 IJM), dark control 

Lane 10: HSA (15 !-1M) and PMA-1A (15 IJM), 342 nm, 20 min 
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Figure 104 Photocleavage of BSA obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: BSA (15 !-1M), PMA-1A (15 IJM) and CoHA (1 mM), dark control 

Lane 3: BSA (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: BSA (15 !-1M), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: BSA (15 IJM), dark control 

Lane 6: BSA (15 IJM), 342 nm, 20 min 
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Lane 7: BSA (15 lJM) and CoHA (1 mM), dark control 

Lane 8: BSA (15 lJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: BSA (15 lJM) and PMA-1A (15 lJM), dark control 

Lane 10: BSA (15 J..IM) and PMA-1A (15 lJM), 342 nm, 20 min 
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Figure 105 Photocleavage of a-casein obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: a-casein (15 IJM), PMA-1A (15 lJM) and CoHA (1 mM), dark control 

Lane 3: a-casein (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-casein (15 IJM), PMA-1A (15 lJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: a-casein (15 IJM), dark control 

Lane 6: a-casein (15 IJM), 342 nm, 20 min 

Lane 7: a-casein (15 IJM) and CoHA (1 mM), dark control 

Lane 8: a-casein (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-casein (15 IJM) and PMA-1A (15 lJM), dark control 

Lane 10: a-casein (15 lJM) and PMA-1A (15 IJM), 342 nm, 20 min 
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Figure 106 Photocleavage of pepsin obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: pepsin (15 IJM). PMA-1A (15 lJM) and CoHA (1 mM), dark control 

Lane 3: pepsin (15 lJM). PMA-1A (15 lJM) and CoHA (1 mM), 342 nm, 10 min 
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Lane 4: pepsin (15 IJM), PMA-1A (15 lJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: pepsin (15 IJM), dark control 

Lane 6: pepsin (15 IJM), 342 nm, 20 min 

Lane 7: pepsin (15 IJM) and CoHA (1 mM), dark control 

Lane 8: pepsin (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: pepsin (15 lJM) and PMA-1A (15 IJM), dark control 

Lane 10: pepsin (15 IJM) and PMA-1A (15 lJM), 342 nm, 20 min 
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Figure 107 Photocleavage of concanavalin A obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: concanavalin A (15 lJM), PMA-1A (15 lJM) and CoHA (1 mM), dark control 

Lane 3: concanavalin A (15 lJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: concanavalin A (15 IJM), PMA-1A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: concanavalin A (15 IJM), dark control 

Lane 6: concanavalin A (15 IJM), 342 nm, 20 min 

Lane 7: concanavalin A (15 IJM) and CoHA (1 mM), dark control 

Lane 8: concanavalin A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: concanavalin A (15 IJM) and PMA-1A (15 IJM), dark control 

Lane 10: concanavalin A (15 IJM) and PMA-1A (15 IJM), 342 nm, 20 min 
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Figure 108 Photocleavage of (3-glucosidase obtained from the reaction with PMA-1A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: (3-glucosidase (15 lJM), PMA-1A (15 IJM) and CoHA (1 mM), dark control 



Lane 3: P-glucosidase (15 J,JM), PMA-1A (15 J,JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: f3-glucosidase (15 J,JM), PMA-1A (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: f3-glucosidase (15 J.IM), dark control 

Lane 6: P-glucosidase (15 J,JM), 342 nm, 20 min 

Lane 7: P-glucosidase (15 J,JM) and CoHA (1 mM), dark control 

Lane 8: P-glucosidase (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: P-glucosidase (15 J,JM) and PMA-1A (15 J,JM), dark control 

Lane 10: P-glucosidase (15 J,JM) and PMA-1A (15 J,JM), 342 nm, 20 min 
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Figure 109 Photocleavage of a-chymotrypsin obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-chymotrypsin (15 J,JM). dark control 

Lane 3: a-chymotrypsin (15 IJM). 342 nm. 20 min 

Lane 4: a-chymotrypsin (15 IJM) and CoHA (1 mM), dark control 

Lane 5: a-chymotrypsin (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 6: a-chymotrypsin (15 J,JM) and PMA-2A (15 IJM). dark control 

Lane 7: a-chymotrypsin (15 J,JM) and PMA-2A (15 IJM). 342 nm. 20 min 

Lane 8: a-chymotrypsin (15 J,JM), PMA-2A (15 IJM) and CoHA (1 mM). dark control 

Lane 9: a-chymotrypsin (15 J,JM). PMA-2A (15 IJM) and CoHA (1 mM), 342 nm. 10 min 

Lane 10: a-chymotrypsin (15 J,JM). PMA-2A (15 J,JM) and CoHA (1 mM). 342 nm, 20 min 
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Figure 110 Photocleavage of p-Iactoglobulin B obtained from the reaction with PMA-2A. 



Lane 1: molecular weight markers (kDa) 

Lane 2: f3-lactoglobulin B (15 J,JM), dark control 

Lane 3: f3-lactoglobulin B (15 lJM), 342 nm, 20 min 

Lane 4: f3-lactoglobulin B (15 lJM) and CoHA (1 mM), dark control 

Lane 5: f3-lactoglobulin B (15 lJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 6: f3-lactoglobulin B (15 J,JM) and PMA-2A (15 lJM), dark control 

Lane 7: f3-lactoglobulin B (15 J,JM) and PMA-2A (15 J,JM), 342 nm, 20 min 

Lane 8: f3-lactoglobulin B (15 J,JM), PMA-2A (15 lJM) and CoHA (1 mM), dark control 
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Lane 9: f3-lactoglobulin B (15 lJM), PMA-2A (15 lJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 10: f3-lactoglobulin B (15 J,JM), PMA-2A (15 lJM) and CoHA (1 mM), 342 nm, 20 min 
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Figure 111 Photocleavage of myoglobin obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: myoglobin (15 lJM), dark control 

Lane 3: myoglobin (15 lJM), 342 nm, 20 min 

Lane 4: myoglobin (15 lJM) and CoHA (1 mM), dark control 

Lane 5: myoglobin (15 lJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 6: myoglobin (15 lJM) and PMA-2A (15 lJM), dark control 

Lane 7: myoglobin (15 lJM) and PMA-2A (15 lJM), 342 nm, 20 min 

Lane 8: myoglobin (15 lJM), PMA-2A (15 lJM) and CoHA (1 mM), dark control 

Lane 9: myoglobin (15 lJM), PMA-2A (15 lJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 10: myoglobin (15 lJM), PMA-2A (15lJM) and CoHA (1 mM), 342 nm, 20 min 
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Figure 112 Photocleavage of HSA obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: HSA (15 IJM), dark control 

Lane 3: HSA (15 IJM), 342 nm, 20 min 

Lane 4: HSA (15 !-1M) and CoHA (1 mM), dark control 

Lane 5: HSA (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 6: HSA (15 IJM) and PMA-2A (15 IJM), dark control 

Lane 7: HSA (15 IJM) and PMA-2A (15 IJM), 342 nm, 20 min 

Lane 8: HSA (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), dark control 

Lane 9: HSA (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 10: HSA (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 
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Figure 113 Photocleavage of BSA obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: BSA (15 IJM), dark control 

Lane 3: BSA (15 IJM), 342 nm, 20 min 

Lane 4: BSA (15 !-1M) and CoHA (1 mM), dark control 

Lane 5: BSA (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 6: BSA (15 IJM) and PMA-2A (15 IJM), dark control 
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Lane 7: BSA (15 IJM) and PMA-2A (15 IJM). 342 nm. 20 min 

Lane 8: BSA (15 IJM). PMA-2A (15 IJM) and CoHA (1 mM). dark control 

Lane 9: BSA (15 IJM). PMA-2A (15 IJM) and CoHA (1 mM). 342 nm. 10 min 

Lane 10: BSA (15 IJM). PMA-2A (15 IJM) and CoHA (1 mM). 342 nm. 20 min 
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Figure 114 Photocleavage of a-casein obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: a-casein (15 IJM). dark control 

Lane 3: a-casein (15 IJM). 342 nm. 20 min 

Lane 4: a-casein (15 IJM) and CoHA (1 mM). dark control 

Lane 5: a-casein (15 IJM) and CoHA (1 mM). 342 nm. 20 min 

Lane 6: a-casein (15 IJM) and PMA-2A (15 IJM). dark control 

Lane 7: a-casein (15 IJM) and PMA-2A (15 IJM). 342 nm. 20 min 

Lane 8: a-casein (15 IJM). PMA-2A (15 IJM) and CoHA (1 mM). dark control 

Lane 9: a-casein (15 IJM). PMA-2A (15 IJM) and CoHA (1 mM). 342 nm. 10 min 

Lane 10: a-casein (15 IJM). PMA-2A (15 IJM) and CoHA (1 mM). 342 nm. 20 min 

1 2 3 4 5 6 7 8 9 10 
r-. - --- - -. --- -:--1 

36.5 t '\ -~".'''''''''''''''l''("'\''~!I'''~~'''''''',;\."",4/",'.,.>\ . . ~",)\~...,) I' ., 
31.0 

21.5 ! 

14.4 : 
I 

6.0 

Figure 115 Photocleavage of pepsin obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: pepsin (15 IJM). dark control 

Lane 3: pepsin (15 IJM). 342 nm. 20 min 
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Lane 4: pepsin (15 IJM) and CoHA (1 mM), dark control 

Lane 5: pepsin (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 6: pepsin (15 IJM) and PMA-2A (15 IJM), dark control 

Lane 7: pepsin (15 IJM) and PMA-2A (15 IJM), 342 nm, 20 min 

Lane 8: pepsin (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), dark control 

Lane 9: pepsin (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 10: pepsin (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 
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Figure 116 Photocleavage of concanavalin A obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: concanavalin A (15 IJM) and CoHA (1 mM), dark control 

Lane 3: concanavalin A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 4: concanavalin A (15 IJM) and PMA-2A (15 !-1M), dark control 

Lane 5: concanavalin A (15 IJM) and PMA-2A (15 !-1M), 342 nm, 20 min 

Lane 6: concanavalin A (15 IJM), PMA-2A (15 !-1M) and CoHA (1 mM), dark control 

Lane 7: concanavalin A (15 IJM), PMA-2A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 
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Figure 117 Photocleavage of (3-glucosidase obtained from the reaction with PMA-2A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: f3-glucosidase (15 IJM) and CoHA (1 mM), dark control 

Lane 3: f3-glucosidase (15 IJM) and CoHA (1 mM), 342 nm, 20 min 



Lane 4: (3-glucosidase (15 j.lM) and PMA·2A (15 j.lM), dark control 

Lane 5: (3-glucosidase (15 j.lM) and PMA-2A (15 j.lM), 342 nm, 20 min 

Lane 6: (3-glucosidase (15 j.lM), PMA-2A (15 j.lM) and CoHA (1 mM), dark control 

Lane 7: (3-glucosidase (15 j.lM), PMA-2A (15 j.lM) and CoHA (1 mM), 342 nm, 20 min 
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Figure 118 Photocleavage of a-chymotrypsin obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-chymotrypsin (15 j.lM), PMA-3A (15 j.lM) and CoHA (1 mM), dark control 

Lane 3: a-chymotrypsin (15 j.lM), PMA-3A (15 j.lM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-chymotrypsin (15 j.lM), PMA-3A (15 j.lM) and CoHA (1 mM), 342 nm. 20 min 

Lane 5: a-chymotrypsin (15 j.lM), dark control 

Lane 6: a-chymotrypsin (15 j.lM). 342 nm, 20 min 

Lane 7: a-chymotrypsin (15 j.lM) and CoHA (1 mM). dark control 

Lane 8: a-chymotrypsin (15 j.lM) and CoHA (1 mM), 342 nm. 20 min 

Lane 9: a-chymotrypsin (15 j.lM) and PMA-3A (15 j.lM). dark control 

Lane 10: a-chymotrypsin (15 j.lM) and PMA-3A (15 j.lM). 342 nm. 20 min 
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Figure 119 Photocleavage of (3-lactoglobulin B obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: (3-lactoglobulin B (15 j.lM). PMA-3A (15 j.lM) and CoHA (1 mM). dark control 

Lane 3: (3-lactoglobulin B (15 j.lM). PMA-3A (15 j.lM) and CoHA (1 mM). 342 nm. 10 min 



Lane 4: f3-lactoglobulin B (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: (J-Iactoglobulin B (15 ~M), dark control 

Lane 6: f3-lactoglobulin B (15 ~M), 342 nm, 20 min 

Lane 7: (J-Iactoglobulin B (15 ~M) and CoHA (1 mM), dark control 

Lane 8: (J-Iactoglobulin B (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: f3-lactoglobulin B (15 IJM) and PMA-3A (15 ~M), dark control 

Lane 10: f3-lactoglobulin B (15 ~M) and PMA-3A (15 ~M), 342 nm, 20 min 
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Figure 120 Photocleavage of myoglobin obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kDa) 

Lane 2: myoglobin (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), dark control 

Lane 3: myoglobin (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: myoglobin (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: myoglobin (15 ~M), dark control 

Lane 6: myoglobin (15 ~M), 342 nm, 20 min 

Lane 7: myoglobin (15 ~M) and CoHA (1 mM), dark control 

Lane 8: myoglobin (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: myoglobin (15 ~M) and PMA-3A (15 ~M), dark control 

Lane 10: myoglobin (15 ~M) and PMA-3A (15 ~M), 342 nm, 20 min 
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Figure 121 Photocleavage of HSA obtained from the reaction with PMA-3A. 

116 



Lane 1: molecular weight markers (kOa) 

Lane 2: HSA (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), dark control 

Lane 3: HSA (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: HSA (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: HSA (15 ~M), dark control 

Lane 6: HSA (15 ~M), 342 nm, 20 min 

Lane 7: HSA (15 ~M) and CoHA (1 mM), dark control 

Lane 8: HSA (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: HSA (15 ~M) and PMA-3A (15 ~M), dark control 

Lane 10: HSA (15 ~M) and PMA-3A (15 ~M), 342 nm, 20 min 
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Figure 122 Photocleavage of BSA obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: BSA (15 ~M). PMA-3A (15 ~M) and CoHA (1 mM), dark control 

Lane 3: BSA (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: BSA (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: BSA (15 IJM), dark control 

Lane 6: BSA (15 ~M), 342 nm, 20 min 

Lane 7: BSA (15 IJM) and CoHA (1 mM), dark control 

Lane 8: BSA (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: BSA (15 ~M) and PMA-3A (15 ~M), dark control 

Lane 10: BSA (15 ~M) and PMA-3A (15 ~M), 342 nm, 20 min 
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Figure 123 Photocleavage of a-casein obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-casein (15 lJM), PMA-3A (15 lJM) and CoHA (1 mM), dark control 

Lane 3: a-casein (15 lJM), PMA-3A (15 lJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-casein (15 lJM), PMA-3A (15 lJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: a-casein (15 lJM), dark control 

Lane 6: a-casein (15 IJM), 342 nm, 20 min 

Lane 7: a-casein (15 lJM) and CoHA (1 mM), dark control 

Lane 8: a-casein (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-casein (15 J,lM) and PMA-3A (15 IJM), dark control 

Lane 10: a-casein (15 lJM) and PMA-3A (15 lJM), 342 nm, 20 min 

1 2 3 4 5 6 7 8 9 10 
36.5 ....--------------.., 
31.0 

21.5 
14.4 

6.0 

Figure 124 Photocleavage of pepsin obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: pepsin (15 lJM), PMA-3A (15 lJM) and CoHA (1 mM), dark control 

Lane 3: pepsin (15 lJM), PMA-3A (15 lJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: pepsin (15 lJM), PMA-3A (15 lJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: pepsin (15 lJM), dark control 

Lane 6: pepsin (15 lJM), 342 nm, 20 min 

Lane 7: pepsin (15 lJM) and CoHA (1 mM), dark control 
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Lane 8: pepsin (15 J,lM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: pepsin (15 J,lM) and PMA-3A (15 J,lM), dark control 

Lane 10: pepsin (15 J,lM) and PMA-3A (15 J,lM), 342 nm, 20 min 
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Figure 125 Photocleavage of concanavalin A obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: concanavalin A (15 J,lM), PMA-3A (15 J,lM) and CoHA (1 mM), dark control 

Lane 3: concanavalin A (15 J,lM), PMA-3A (15 J,lM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: concanavalin A (15 J,lM), PMA-3A (15 J,lM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: concanavalin A (15 J,lM), dark control 

Lane 6: concanavalin A (15 J,lM), 342 nm, 20 min 

Lane 7: concanavalin A (15 J,lM) and CoHA (1 mM), dark control 

Lane 8: concanavalin A (15 J,lM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: concanavalin A (15 J,lM) and PMA-3A (15 ~M), dark control 

Lane 10: concanavalin A (15 ~M) and PMA-3A (15 ~M), 342 nm, 20 min 
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Figure 126 Photocleavage of P-glucosidase obtained from the reaction with PMA-3A. 

Lane 1: molecular weight markers (kOa) 

Lane 2: P-glucosidase (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM). dark control 

Lane 3: P-glucosidase (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: P-glucosidase (15 ~M), PMA-3A (15 ~M) and CoHA (1 mM), 342 nm, 20 min 



Lane 5: J3-glucosidase (15 IJM), dark control 

Lane 6: J3-glucosidase (15 IJM), 342 nm, 20 min 

Lane 7: J3-glucosidase (15 IJM) and CoHA (1 mM), dark control 

Lane 8: J3-glucosidase (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: J3-glucosidase (15 IJM) and PMA-3A (15 IJM), dark control 

Lane 10: J3-glucosidase (15 IJM) and PMA-3A (15 IJM), 342 nm, 20 min 
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Figure 127 Photocleavage of lysozyme obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: lysozyme (15 IJM), berberine (15 IJM) and CoHA (1 mM), dark control 

Lane 3: lysozyme (15 IJM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: lysozyme (15 IJM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: lysozyme (15 IJM), dark control 

Lane 6: lysozyme (15 IJM), 345 nm, 20 min 

Lane 7: lysozyme (15 IJM) and CoHA (1 mM), dark control 

Lane 8: lysozyme (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: lysozyme (15 IJM) and berberine (15 IJM), dark control 

Lane 10: lysozyme (15 IJM) and berberine (15 IJM), 345 nm, 20 min 
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Figure 128 Photocleavage of a-chymotrypsin obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 



Lane 2: a-chymotrypsin (15 IJM), berberine (15 IJM) and CoHA (1 mM), dark control 

Lane 3: a-chymotrypsin (15 IJM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: a-chymotrypsin (15 IJM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: a-chymotrypsin (15 IJM), dark control 

Lane 6: a-chymotrypsin (15 IJM), 345 nm, 20 min 

Lane 7: a-chymotrypsin (15 IJM) and CoHA (1 mM), dark control 

Lane 8: a-chymotrypsin (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: a-chymotrypsin (15 IJM) and berberine (15 IJM), dark control 

Lane 10: a-chymotrypsin (15 IJM) and berberine (15 IJM), 345 nm, 20 min 
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Figure 129 Photocleavage of (3-lactoglobulin B obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kDa) 

Lane 2: (3-lactoglobulin B (15 IJM), berberine (15 IJM) and CoHA (1 mM), dark control 

Lane 3: (3-lactoglobulin B (15 IJM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: (3-lactoglobulin B (15 IJM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: (3-lactoglobulin B (15 IJM), dark control 

Lane 6: (3-lactoglobulin B (15 IJM), 345 nm, 20 min 

Lane 7: (3-lactoglobulin B (15 IJM) and CoHA (1 mM), dark control 

Lane 8: (3-lactoglobulin B (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: (3-lactoglobulin B (151JM) and berberine (15 IJM), dark control 

Lane 10: (3-lactoglobulin B (15 IJM) and berberine (15 IJM), 345 nm, 20 min 
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Figure 130 Photocleavage of myoglobin obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: myoglobin (15 J.lM), berberine (15 J.lM) and CoHA (1 mM), dark control 

Lane 3: myoglobin (15 J.lM), berberine (15 J.lM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: myoglobin (15 J.lM), berberine (15 J.lM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: myoglobin (15 J.lM), dark control 

Lane 6: myoglobin (15 J.lM), 345 nm, 20 min 

Lane 7: myoglobin (15 J.lM) and CoHA (1 mM), dark control 

Lane 8: myoglobin (15 J.lM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: myoglobin (15 J.lM) and berberine (15 J.lM), dark control 

Lane 10: myoglobin (15 J.lM) and berberine (15 J.lM), 345 nm, 20 min 
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Figure 131 Photocleavage of HSA obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: HSA (15 J.lM), berberine (15 J.lM) and CoHA (1 mM), dark control 

Lane 3: HSA (15 J.lM), berberine (15 J.lM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: HSA (15 J.lM), berberine (15 J.lM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: HSA (15 J.lM), dark control 

Lane 6: HSA (15 J.lM), 345 nm, 20 min 

Lane 7: HSA (15 J.lM) and CoHA (1 mM), dark control 

Lane 8: HSA (15 J.lM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: HSA (15 J.lM) and berberine (15 J.lM), dark control 

Lane 10: HSA (15 J.lM) and berberine (15 J.lM), 345 nm, 20 min 
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Figure 132 Photocleavage of BSA obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: BSA (15 j.JM), berberine (15 j.JM) and CoHA (1 mM), dark control 

Lane 3: BSA (15 j.JM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: BSA (15 j.JM), berberine (15 j.JM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: BSA (15 j.JM), dark control 

Lane 6: BSA (15 j.JM), 345 nm, 20 min 

Lane 7: BSA (15 j.JM) and CoHA (1 mM), dark control 

Lane 8: BSA (15 j.JM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: BSA (15 j.JM) and berberine (15 IJM), dark control 

Lane 10: BSA (15 tJM) and berberine (15 IJM), 345 nm, 20 min 
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Figure 133 Photocleavage of a-casein obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-casein (15 j.JM), berberine (15 j.JM) and CoHA (1 mM), dark control 

Lane 3: a-casein (15 j.JM), berberine (15 tJM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: a-casein (15 IJM), berberine (15 j.JM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: a-casein (15 IJM), dark control 

Lane 6: a-casein (15 j.JM), 345 nm, 20 min 

Lane 7: a-casein (15 j.JM) and CoHA (1 mM), dark control 
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Lane 8: a~casein (15 \JM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: a~casein (15 \JM) and berberine (15 \JM), dark control 

Lane 10: a-casein (15 \JM) and berberine (15 \JM), 345 nm, 20 min 
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Figure 134 Photocleavage of pepsin obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: pepsin (15 \JM), berberine (15 \JM) and CoHA (1 mM), dark control 

Lane 3: pepsin (15 \JM), berberine (15 \JM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: pepsin (15 \JM), berberine (15 \JM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: pepsin (15 \JM), dark control 

Lane 6: pepsin (15 \JM), 345 nm, 20 min 

Lane 7: pepsin (15 \JM) and CoHA (1 mM), dark control 

Lane 8: pepsin (15 \JM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: pepsin (15 \JM) and berberine (15 \JM), dark control 

Lane 10: pepsin (15 \JM) and berberine (15 \JM), 345 nm, 20 min 
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Figure 135 Photocleavage of concanavalin A obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: concanavalin A (15 \JM), berberine (15 \JM) and CoHA (1 mM), dark control 

Lane 3: concanavalin A (15 \JM), berberine (15 \JM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: concanavalin A (15 \JM), berberine (15 \JM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: concanavalin A (15 \JM), dark control 



Lane 6: concanavalin A (15 IJM), 345 nm, 20 min 

Lane 7: concanavalin A (15 IJM) and CoHA (1 mM), dark control 

Lane 8: concanavalin A (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: concanavalin A (15 IJM) and berberine (15 IJM), dark control 

Lane 10: concanavalin A (15 IJM) and berberine (15 IJM), 345 nm, 20 min 
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Figure 136 Photocleavage of (3-glucosidase obtained from the reaction with berberine. 

Lane 1: molecular weight markers (kDa) 

Lane 2: f3-glucosidase (15 IJM), berberine (15 IJM) and CoHA (1 mM), dark control 

Lane 3: f3-glucosidase (15 IJM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 10 min 

Lane 4: (3-glucosidase (15 IJM), berberine (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 5: f3-glucosidase (15 IJM), dark control 

Lane 6: (3-glucosidase (15 IJM), 345 nm, 20 min 

Lane 7: (3-glucosidase (15 IJM) and CoHA (1 mM), dark control 

Lane 8: (3-glucosidase (15 IJM) and CoHA (1 mM), 345 nm, 20 min 

Lane 9: (3-glucosidase (15 IJM) and berberine (15 IJM), dark control 

Lane 10: (3-glucosidase (15 IJM) and berberine (15 IJM), 345 nm, 20 min 

Figure 137 Photocleavage of avidin obtained from the reaction with 88T-29. 

Lane 1: molecular weight markers (kDa) 

Lane 2: avidin (15 IJM), 88T-29 (15 IJM) and CoHA (1 mM), dark control 
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Lane 3: avidin (15 ~M), SST-29 (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: avidin (15 ~M), SST-29 (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: avidin (15 ~M), dark control 

Lane 6: avidin (15 ~M), 342 nm, 20 min 

Lane 7: avidin (15 ~M) and CoHA (1 mM), dark control 

Lane 8: avidin (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: avidin (15 ~M) and SST-29 (15 ~M), dark control 

Lane 10: avidin (15 ~M) and SST-29 (15 ~M), 342 nm, 20 min 
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Figure 138 Photocleavage of lysozyme obtained from the reaction with SST-29. 

Lane 1: molecular weight markers (kOa) 

Lane 2: lysozyme (15 ~M), SST-29 (15 ~M) and CoHA (1 mM), dark control 

Lane 3: lysozyme (15 ~M), SST-29 (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: lysozyme (15 ~M), SST-29 (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: lysozyme (15 ~M), dark control 

Lane 6: lysozyme (15 ~M), 342 nm, 20 min 

Lane 7: lysozyme (15 JJM) and CoHA (1 mM), dark control 

Lane 8: lysozyme (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: lysozyme (15 ~M) and SST-29 (15 JJM), dark control 

Lane 10: lysozyme (15 ~M) and SST-29 (15 ~M), 342 nm, 20 min 
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Figure 139 Photocleavage of a-chymotrypsin obtained from the reaction with SST-29. 



Lane 1: molecular weight markers (kOa) 

Lane 2: a-chymotrypsin (15 J,lM), 88T-29 (15 J,lM) and CoHA (1 mM), dark control 

Lane 3: a-chymotrypsin (15 J,lM), 88T-29 (15 J,lM) and CoHA (1 mM). 342 nm, 10 min 

Lane 4: a-chymotrypsin (15 J,lM). 88T-29 (15 J,lM) and CoHA (1 mM). 342 nm. 20 min 

Lane 5: a-chymotrypsin (15 J,lM), dark control 

Lane 6: a-chymotrypsin (15 J,lM), 342 nm, 20 min 

Lane 7: a-chymotrypsin (15 J,lM) and CoHA (1 mM), dark control 

Lane 8: a-chymotrypsin (15 J,lM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-chymotrypsin (15 !-1M) and 88T-29 (15 !-1M), dark control 

Lane 10: a-chymotrypsin (15 !-1M) and 88T-29 (15 !-1M), 342 nm, 20 min 
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Figure 140 Photocleavage of (3-lactoglobulin B obtained from the reaction with 88T-29. 

Lane 1: molecular weight markers (kOa) 

Lane 2: (3-lactoglobulin B (15 J,lM), 88T-29 (15 !-1M) and CoHA (1 mM), dark control 

Lane 3: (3-lactoglobulin B (15 !-1M), 88T-29 (15 !-1M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: (3-lactoglobulin B (15 J,lM), 88T-29 (15 J,lM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: (3-lactoglobulin B (15 J,lM). dark control 

Lane 6: (3-lactoglobulin B (15 !-1M), 342 nm, 20 min 

Lane 7: (3-lactoglobulin B (15 J,lM) and CoHA (1 mM), dark control 

Lane 8: (3-lactoglobulin B (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: (3-lactoglobulin B (15 J,lM) and 88T-29 (15 J,lM), dark control 

Lane 10: (3-lactoglobulin B (15 !-1M) and 88T-29 (15 J,lM), 342 nm, 20 min 
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Figure 141 Photocleavage of myoglobin obtained from the reaction with 88T-29. 

Lane 1: molecular weight markers (kOa) 

Lane 2: myoglobin (15 VM), 88T-29 (15 VM) and CoHA (1 mM), dark control 

Lane 3: myoglobin (15 VM), 88T-29 (15 VM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: myoglobin (15 f.JM), 88T-29 (15 f.JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: myoglobin (15 f.JM), dark control 

Lane 6: myoglobin (15 f.JM), 342 nm, 20 min 

Lane 7: myoglobin (15 f.JM) and CoHA (1 mM), dark control 

Lane 8: myoglobin (15 f.JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: myoglobin (15 f.JM) and 88T-29 (15 f.JM), dark control 

Lane 10: myoglobin (15 f.JM) and 88T-29 (15 f.JM), 342 nm, 20 min 
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Figure 142 Photocleavage of H8A obtained from the reaction with 88T-29. 

Lane 1: molecular weight markers (kOa) 

Lane 2: H8A (15 VM), 88T-29 (15 f.JM) and CoHA (1 mM), dark control 

Lane 3: H8A (15 f.JM), 88T-29 (15 f.JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: H8A (15 f.JM), 88T-29 (15 f.JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: H8A (15 f.JM), dark control 

Lane 6: H8A (15 f.JM), 342 nm, 20 min 

Lane 7: H8A (15 f.JM) and CoHA (1 mM), dark control 

Lane 8: H8A (15 f.JM) and CoHA (1 mM), 342 nm, 20 min 
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Lane 9: H8A (15 J,JM) and 88T-29 (15 J,JM), dark control 

Lane 10: H8A (15 J.JM) and 88T-29 (15 J,JM), 342 nm, 20 min 
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Figure 143 Photocleavage of B8A obtained from the reaction with 88T-29. 

Lane 1: molecular weight markers (kOa) 

Lane 2: B8A (15 J,JM), 88T-29 (15 J,JM) and CoHA (1 mM), dark control 

Lane 3: B8A (15 J,JM), 88T-29 (15 J,JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: B8A (15 11M), 88T-29 (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: B8A (15 J,JM), dark control 

Lane 6: B8A (15 J,JM), 342 nm, 20 min 

Lane 7: B8A (15 J,JM) and CoHA (1 mM), dark control 

Lane 8: B8A (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: B8A (15 J.JM) and 88T-29 (15 J,JM), dark control 

Lane 10: B8A (15 J,JM) and 88T-29 (15 J,JM), 342 nm, 20 min 
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Figure 144 Photocleavage of a-casein obtained from the reaction with 88T-29. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-casein (15 J,JM), 88T-29 (15 J,JM) and CoHA (1 mM), dark control 

Lane 3: a-casein (15 J,JM), 88T-29 (15 J,JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-casein (15 J,JM), 88T-29 (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: a-casein (15 J,JM), dark control 
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Lane 6: a-casein (15 ~M), 342 nm, 20 min 

Lane 7: a-casein (15 ~M) and CoHA (1 mM), dark control 

Lane 8: a-casein (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-casein (15 ~M) and SST-29 (15 ~M), dark control 

Lane 10: a-casein (15 ~M) and SST-29 (15 ~M), 342 nm, 20 min 
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Figure 145 Photocleavage of pepsin obtained from the reaction with SST-29. 

Lane 1: molecular weight markers (kOa) 

Lane 2: pepsin (15 ~M), SST-29 (15 ~M) and CoHA (1 niM), dark control 

Lane 3: pepsin (15 ~M), SST-29 (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: pepsin (15 ~M), SST-29 (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: pepsin (15 ~M), dark control 

Lane 6: pepsin (15 ~M), 342 nm, 20 min 

Lane 7: pepsin (15 ~M) and CoHA (1 mM), dark control 

Lane 8: pepsin (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: pepsin (15 J.lM) and SST-29 (15 ~M), dark control 

Lane 10: pepsin (15 ~M) and SST-29 (15 ~M). 342 nm, 20 min 
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Figure 146 Photocleavage of concanavalin A obtained from the reaction with SST-29. 

Lane 1: molecular weight markers (kOa) 

Lane 2: concanavalin A (15 ~M), SST-29 (15 ~M) and CoHA (1 mM). dark control 
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Lane 3: concanavalin A (15 IJM), 88T-29 (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: concanavalin A (15 IJM), 88T-29 (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: concanavalin A (15 IJM), dark control 

Lane 6: concanavalin A (15 IJM), 342 nm, 20 min 

Lane 7: concanavalin A (15 IJM) and CoHA (1 mM), dark control 

Lane 8: concanavalin A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: concanavalin A (15 IJM) and 88T-29 (15 IJM), dark control 

Lane 10: concanavalin A (15 IJM) arid 88T-29 (15 IJM), 342 nm, 20 min 
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Figure 147 Photocleavage of J3-glucosidase obtained from the reaction with 88T-29. 

Lane 1: molecular weight markers (kDa) 

Lane 2: f3-glucosidase (15 IJM), 88T-29 (15 IJM) and CoHA (1 mM), dark control 

Lane 3: f3-glucosidase (15 IJM), 88T-29 (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: f3-glucosidase (15 IJM), 88T-29 (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: J3-glucosidase (15 IJM), dark control 

Lane 6: J3-glucosidase (15 IJM), 342 nm, 20 min 

Lane 7: J3-glucosidase (15 IJM) and CoHA (1 mM), dark control 

Lane 8: f3-glucosidase (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: f3-glucosidase (15 IJM) and 88T-29 (15 IJM), dark control 

Lane 10: J3-glucosidase (15 IJM) and 88T-29 (15 IJM), 342 nm, 20 min 
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Figure 148 Photocleavage of avidin obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kDa) 

Lane 2: avidin (15 IJM). SST-31 (15 IJM) and CoHA (1 mM). dark control 

Lane 3: avidin (15 IJM). SST-31 (15 IJM) and CoHA (1 mM). 342 nm. 10 min 

Lane 4: avidin (15 IJM). SST-31 (15 IJM) and CoHA (1 mM). 342 nm. 20 min 

Lane 5: avidin (15 IJM). dark control 

Lane 6: avidin (15 IJM). 342 nm. 20 min 

Lane 7: avidin (15 IJM) and CoHA (1 mM), dark control 

Lane 8: avidin (15 IJM) and CoHA (1 mM). 342 nm. 20 min 

Lane 9: avidin (15 IJM) and SST-31 (15 IJM). dark control 

Lane 10: avidin (15 IJM) and SST-31 (15 IJM). 342 nm. 20 min 
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Figure 149 Photocleavage of lysozyme obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kDa) 

Lane 2: lysozyme (15 IJM). SST-31 (15 IJM) and CoHA (1 mM). dark control 

Lane 3: lysozyme (15 IJM), SST-31 (15 IJM) and CoHA (1 mM). 342 nm. 10 min 

Lane 4: lysozyme (15 IJM). SST-31 (15 IJM) and CoHA (1 mM), 342 nm. 20 min 

Lane 5: lysozyme (15 IJM). dark control 

Lane 6: lysozyme (15 IJM), 342 nm, 20 min 

Lane 7: lysozyme (15 IJM) and CoHA (1 mM). dark control 

Lane 8: lysozyme (15 IJM) and CoHA (1 mM). 342 nm, 20 min 
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Lane 9: lysozyme (15 J,JM) and SST-31 (15 !-1M), dark control 

Lane 10: lysozyme (15 J,JM) and SST-31 (15 !-1M). 342 nm. 20 min 
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Figure 150 Photocleavage of a-chymotrypsin obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-chymotrypsin (15 !-1M), SST-31 (15 !-1M) and CoHA (1 mM). dark control 

Lane 3: a-chymotrypsin (15 J,JM), SST-31 (15 J,JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-chymotrypsin (15 J,JM), SST-31 (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: a-chymotrypsin (15 !-1M), dark control 

Lane 6: a-chymotrypsin (15 !-1M). 342 nm, 20 min 

Lane 7: a-chymotrypsin (15 J,JM) and CoHA (1 mM). dark control 

Lane 8: a-chymotrypsin (15 J,JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-chymotrypsin (15 !-1M) and SST-31 (15 !-1M), dark control 

Lane 10: a-chymotrypsin (15 !-1M) and SST-31 (15 !-1M), 342 nm, 20 min , 
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Figure 151 Photocleavage of f3-lactoglobulin B obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kOa) 

Lane 2: f3-lactoglobulin B (15 !-1M), SST-31 (15 J,JM) and CoHA (1 mM). dark control 

Lane 3: f3-lactoglobulin B (15 J,JM), SST-31 (15 J,JM) and CoHA (1 mM). 342 nm, 10 min 

Lane 4: f3-lactoglobulin B (15 J,JM), SST-31 (15 !-1M) and CoHA (1 mM). 342 nm, 20 min 



Lane 5: J3-lactoglobulin B (15 !-1M), dark control 

Lane 6: J3-lactoglobulin B (15 !-1M), 342 nm, 20 min 

Lane 7: p-Iactoglobulin B (15 !-1M) and CoHA (1 mM), dark control 

Lane 8: p-Iactoglobulin B (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: p-Iactoglobulin B (15 !-1M) and SST-31 (15 !-1M), dark control 

Lane 10: p-Iactoglobulin B (15 !-1M) and SST-31 (15 !-1M), 342 nm, 20 min 
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Figure 152 Photocleavage of myoglobin obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kDa) 

Lane 2: myoglobin (15 !-1M), SST-31 (15 !-1M) and CoHA (1 mM), dark control 

Lane 3: myoglobin (15 !-1M), SST-31 (15 !-1M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: myoglobin (15 !-1M), SST-31 (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: myoglobin (15 !-1M), dark control 

Lane 6: myoglobin (15 !-1M), 342 nm, 20 min 

Lane 7: myoglobin (15 !-1M) and CoHA (1 mM), dark control 

Lane 8: myoglobin (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: myoglobin (15 !-1M) and SST-31 (15 !-1M), dark control 

Lane 10: myoglobin (15 !-1M) and SST-31 (15 !-1M), 342 nm, 20 min 
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Figure 153 Photocleavage of HSA obtained from the reaction with SST -31. 
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Lane 1: molecular weight markers (kOa) 

Lane 2: HSA (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), dark control 

Lane 3: HSA (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: HSA (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: HSA (15' IJM), dark control 

Lane 6: HSA (15 IJM), 342 nm, 20 min 

Lane 7: HSA (15 IJM) and CoHA (1 mM), dark control 

Lane 8: HSA (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: HSA (15 IJM) and SST-31 (15 IJM), dark control 

Lane 10: HSA (15 IJM) and SST-31 (15 IJM), 342 nm, 20 min 
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Figure 154 Photocleavage of BSA obtained from the reaction with SST-31. 

Lane 1: molecular weight ~arkers (kOa) 

Lane 2: BSA (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), dark control 

Lane 3: BSA (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: BSA (15 IJM), SST -31 (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: BSA (15 IJM), dark control 

Lane 6: BSA (15 IJM), 342 nm, 20 min 

Lane 7: BSA (15 IJM) and CoHA (1 mM), dark control 

Lane 8: BSA (15 IJM) and CoHA (1 mM), 342 nm,20 min 

Lane 9: BSA (15 IJM) and SST-31 (15 IJM), dark control 

Lane 10: BSA (15 IJM) and SST-31 (15 IJM), 342 nm, 20 min 
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Figure 155 Photocleavage of a-casein obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kDa) 

Lane 2: a-casein (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), dark control 

Lane 3: a-casein (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-casein (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: a-casein (15 IJM), dark control 

Lane 6: a-casein (15 IJM), 342 nm, 20 min 

Lane 7: a-casein (15 IJM) and CoHA (1 mM), dark control 

Lane 8: a-casein (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-casein (15 IJM) and SST-31 (15 IJM), dark control 

Lane 10: a-casein (15 IJM) and SST-31 (15 IJM), 342 nm, 20 min 
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Figure 156 Photocleavage of pepsin obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kDa) 

Lane 2: pepsin (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), dark control 

Lane 3: pepsin (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: pepsin (15 IJM). SST-31 (15 IJM) and CoHA (1 mM). 342 nm, 20 min 

Lane 5: pepsin .(15 IJM), dark control 

Lane 6: pepsin (15 IJM), 342 nm, 20 min 

Lane 7: pepsin (15 IJM) and CoHA (1 mM), dark control 
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Lane 8: pepsin (15 J.JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: pepsin (15 J.JM) and SST-31 (15 J.JM), dark control 

Lane 10: pepsin (15 IJM) and SST-31 (15 J.JM), 342 nm, 20 min 
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Figure 157 Photocleavage of concanavalin A obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kOa) 

Lane 2: concanavalin A (15 IJM), SST-31 (15 J.JM) and CoHA (1 mM), dark control 

Lane 3: concanavalin A (15 J.JM), SST-31 (15 J.JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: concanavalin A (15 IJM), SST-31 (15 J.JM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: concanavalin A (15 IJM), dark control 

Lane 6: concanavalin A (15 J.JM), 342 nm, 20 min 

Lane 7: concanavalin A (15 IJM) and CoHA (1 mM), dark control 

Lane 8: concanavalin A (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: concanavalin A (15 IJM) and SST-31 (15 IJM), dark control 

Lane 10: concanavalin A (15 \lM) and SST-31 (15 IJM), 342 nm, 20 min 
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Figure 158 Photocleavage of P-glucosidase obtained from the reaction with SST-31. 

Lane 1: molecular weight markers (kOa) 

Lane 2: P-glucosidase (15 IJM), SST-31 (15 IJM) and CoHA (1 mM), dark control 

Lane 3: P-glucosidase (15 IJM), SST-31 (15 J.JM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: P-glucosidase (15 IJM), SST -31 (15 J.JM) and CoHA (1 mM), 342 nm, 20 min 
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Lane 5: ~-glucosidase (15 IJM), dark control 

Lane 6: ~-glucosidase (15 IJM), 342 nm, 20 min 

Lane 7: (3-glucosidase (15 IJM) and CoHA (1 mM), dark control 

Lane 8: ~-glucosidase (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: ~-glucosidase (15 IJM) and SST-31 (15 IJM), dark control 

Lane 10: (3-glucosidase (15 IJM) and SST-31 (15 IJM), 342 nm, 20 min 
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Figure 159 Photocieavage of avidin obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kDa) 

Lane 2: avidin (15 IJM), piperine (15 IJM) and CoHA (1 mM), dark control 

Lane 3: avidin (15 IJM), piperine (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: avidin (15 IJM), piperine (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: avidin (15 IJM), dark control 

Lane 6: avidin (15 IJM), 342 nm, 20 min 

Lane 7: avidin (15 IJM) and CoHA (1 mM), dark control 

Lane 8: avidin (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: avidin (15 IJM) and piperine (15 IJM), dark control 

Lane 10: avidin (15 IJM) and piperine (15 IJM), 342 nm, 20 min 
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Figure 160 Photocleavage of lysozyme obtained from the reaction with piperine. 
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Lane 1: molecular weight markers (kOa) 

Lane 2: lysozyme (15 ~M), piperine (15 ~M) and CoHA (1 mM), dark control 

Lane 3: lysozyme (15 ~M), piperine (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: lysozyme (15 ~M), piperine (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: lysozyme (15 ~M), dark control 

Lane 6: lysozyme (15 ~M), 342 nm, 20 min 

Lane 7: lysozyme (15 ~M) and CoHA (1 mM), dark control 

Lane 8: lysozyme (15 J.lM) and CoHA (1 mM). 342 nm, 20 min 

Lane 9: lysozyme (15 J.lM) and piperine (15 ~M), dark control 

Lane 10: lysozyme (15 ~M) and piperine (15 ~M), 342 nm, 20 min 
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Figure 161 Photocleavage of a-chymotrypsin obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-chymotrypsin (15 !-1M), piperine (15 ~M) and CoHA (1 mM), dark control 

Lane 3: a-chymotrypsin (15 !-1M), piperine (15 ~M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-chymotrypsin (15 ~M), piperine (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: a-chymotrypsin (15 ~M), dark control 

Lane 6: a-chymotrypsin (15 ~M), 342 nm, 20 min 

Lane 7: a-chymotrypsin (15 ~M) and CoHA (1 mM), dark control 

Lane 8: a-chymotrypsin (15 ~M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-chymotrypsin (15 ~M) and piperine (15 !-1M), dark control 

Lane 10: a-chymotrypsin (15 J.lM) and piperine (15 ~M), 342 nm, 20 min 
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. Figure 162 Photocleavage of B-Iactoglobulin B obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kDa) 

Lane 2: B-Iactoglobulin B (15 IJM). piperine (15 IJM) and CoHA (1 mM). dark control 

Lane 3: B-Iactoglobulin B (15 IJM). piperine (15 IJM) and CoHA (1 mM). 342 nm. 10 min 

Lane 4: B-Iactoglobulin B (15 IJM). piperine (15 IJM) and CoHA (1 mM). 342 nm. 20 min 

Lane 5: B-Iactoglobulin B (15 IJM). dark control 

Lane 6: B-Iactoglobulin B (15 IJM). 342 nm. 20 min 

Lane 7: p-Iactoglobulin B (15 IJM) and CoHA (1 mM). dark control 

Lane 8: p-Iactoglobulin B (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: B-Iactoglobulin B (15 IJM) and piperine (15 IJM). dark control 

Lane 10: B-Iactoglobulin B (15 IJM) and piperine (15 IJM). 342 nm. 20 min 
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Figure 163 Photocleavage of myoglobin obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kDa) 

Lane 2: myoglobin (15 IJM). piperine (15 IJM) and CoHA (1 mM). dark control 

Lane 3: myoglobin (15 IJM). piperine (15 IJM) and CoHA (1 mM). 342 nm. 10 min 

Lane 4: myoglobin (15 J.lM). piperine (15 J.lM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: myoglobin (15 J.lM). dark control 

Lane 6: myoglobin (15 IJM). 342 nm. 20 min 

Lane 7: myoglobin (15 IJM) and CoHA (1 mM), dark control 

Lane 8: myoglobin (15 IJM) and CoHA (1 mM), 342 nm, 20 min 



Lane 9: myoglobin (15 !-1M) and piperine (15 !-1M), dark control 

Lane 10: myoglobin (15 !-1M) and piperine (15 !-1M), 342 nm, 20 min 
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Figure 164 Photocleavage of HSA obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kDa) 

Lane 2: HSA (15 !-1M), piperine (15 !-1M) and CoHA (1 mM), dark control 

Lane 3: HSA (15 !-1M), piperine (15 !-1M) and CoHA (1 mM). 342 nm, 10 min 

Lane 4: HSA (15 !-1M), piperine (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: HSA (15 !-1M), dark control 

Lane 6: HSA (15 !-1M), 342 nm, 20 min 

Lane 7: HSA (15 !-1M) and CoHA (1 mM), dark control 

Lane 8: HSA (15 !-1M) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: HSA (15 !-1M) and piperine (15 !-1M), dark control 

Lane 10: HSA (15 !-1M) and piperine (15 !-1M), 342 nm, 20 min 
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Figure 165 Photocleavage of BSA obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kDa) 

Lane 2: BSA (15 !-1M), piperine (15 !-1M) and CoHA (1 mM). dark control 

Lane 3: BSA (15 !-1M), piperine (15 !-1M) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: BSA (15 !-1M), piperine (15 !-1M) and CoHA (1 mM). 342 nm, 20 min 

Lane 5: BSA (15 !-1M), dark control 
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Lane 6: BSA (15 IJM), 342 nm, 20 min 

Lane 7: BSA (15 IJM) and CoHA (1 mM), dark control 

Lane 8: BSA (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: BSA (15 IJM) and piperine (15 IJM), dark control 

Lane 10: BSA (15 IJM) and piperine (15 IJM), 342 nm, 20 min 
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Figure 166 Photocleavage of a-casein obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: a-casein (15 IJM), piperine (15 IJM) and CoHA (1 mM), dark control 

Lane 3: a-casein (15 IJM), piperine (15 IJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: a-casein (15 IJM), piperine (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: a-casein (15 IJM), dark control 

Lane 6: a-casein (15 IJM), 342 nm, 20 min 

Lane 7: a-casein (15 IJM) and CoHA (1 mM), dark control 

Lane 8: a-casein (15 IJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: a-casein (15 IJM) and piperine (15 IJM), dark control 

Lane 10: a-casein (15 IJM) and piperine (15 IJM), 342 nm, 20 min 
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Figure 167 Photocleavage of pepsin obtained from the reaction with piperine. 
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Lane 1: molecular weight markers (kOa) 

Lane 2: pepsin (15 fJM), piperine (15 fJM) and CoHA (1 mM), dark control 

Lane 3: pepsin (15 fJM), piperine (15 fJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: pepsin (15 fJM), piperine (15 fJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: pepsin (15 fJM). dark control 

Lane 6: pepsin (15 fJM), 342 nm, 20 min 

Lane 7: pepsin (15 fJM) and CoHA (1 mM). dark control 

Lane 8: pepsin (15 fJM) and CoHA (1 mM). 342 nm. 20 min 

Lane 9: pepsin (15 fJM) and piperine (15 fJM), dark control 

Lane 10: pepsin (15 fJM) and piperine (15 J.lM), 342 nm. 20 min 
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Figure 168 Photocleavage of concanavalin A obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kDa) 

Lane 2: concanavalin A (15 J.lM). piperine (15 J.lM) and CoHA (1 mM). dark control 

Lane 3: concanavalin A (15 J.lM), piperine (15 fJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: concanavalin A (15 J.lM), piperine (15 JJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 5: concanavalin A (15 J.lM), dark control 

Lane 6: concanavalin A (15 J.lM), 342 nm. 20 min 

Lane 7: concanavalin A (15 J.lM) and CoHA (1 mM), dark control 

Lane 8: concanavalin A (15 J.lM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: concanavalin A (15 J.lM) and piperine (15 JJM), dark control 

Lane 10: concanavalin A (15 J.lM) and piperine (15 J.lM). 342 nm, 20 min 
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Figure 169 Photocleavage of (3-glucosidase obtained from the reaction with piperine. 

Lane 1: molecular weight markers (kOa) 

Lane 2: (3-glucosidase (15 JJM), piperine (15 JJM) and CoHA (1 mM), dark control 

Lane 3: (3-glucosidase (15 JJM), piperine (15 JJM) and CoHA (1 mM), 342 nm, 10 min 

Lane 4: (3-glucosidase (15 JJM), piperine (15 JJM) and CoHA (1 mM), 342 nm, 20 mi~ 

Lane 5: (3-glucosidase (15 JJM), dark control 

Lane 6: (3-glucosidase (15 JJM), 342 nm, 20 min 

Lane 7: (3-glucosidase (15 JJM) and CoHA (1 mM), dark control 

Lane 8: (3-glucosidase (15 JJM) and CoHA (1 mM), 342 nm, 20 min 

Lane 9: (3-glucosidase (15 JJM) and piperine (15 JJM), dark control 

Lane 10: (3-glucosidase (15 JJM) and piperine (15 JJM), 342 nm, 20 min 
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