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ABSTRACT 

Plasma platelet-activating factor acetylhydrolase (PAF-AH), also known as 

lipoprotein-associated phospholipase A2, is an extracellular 45 KDa monomer that 

circulated in plasma and associates with lipoproteins. As a group-VIIA PLA2 enzyme, 

it catalyzes the hydrolysis of the acetyl group at the sn-2 position of platelet-activating 

factor (PAF) to form the products lyso-PAF and acetate. Additionally, PAF-AH can 

hydrolase a wide range of substrates with a short acetyl chain at the sn-2 position like 

oxidized phospholipids from LDL oxidation. In order to keep PAF-AH constitutively 

active without undermining cellular integrity, the enzyme only targets oxidatively 

fragmented phospholipids. A majority of PAF-AH is bound to low-density lipoprotein 

(LDL), which might be correlated with inflammatory atherogenesis. Studies show that 

an increase of PAF-AH concentration or activity could possibly lead to an increase in 

risk of atherogenesis, which plays a significant role in heart diseases. Many reversible 

PAF-AH inhibitors were developed in the pharmaceutical industry for the use as an 

extra treatment for patients with heart diseases. 

According to the solved structure via x-ray crystallization, there is a rare non-

prolyl cis-peptide bond located between Phe-72 and Asp-73, which is far away from 

the active site catalytic triad formed by Ser-273, Asp-296 and His-351. Due to the 

high energy barrier of cis-trans isomerization, this conformational change is thought to 

be the rate-limit step in the protein folding process. Therefore, the existence of a cis-

peptide bond usually is thought to play a great role in protein function or enhance 

structural stability in some way. The purpose of the existence of this non-prolyl cis-
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peptide in PAF-AH is still unsolved. Based on the previous work of plasma PAF-AH’s 

cis-peptide bond, a hypothesis was formed that this non-prolyl cis-peptide bond plays 

a role in maintaining the binding between LDL and PAF-AH. 

Work presented in this thesis aims to test this hypothesis. An E. coli expression 

construct of a truncated form of PAF-AH (ΔPAF-AH) was obtained from former lab 

member from the Bahnson lab. In an effort to explore the function role of a cis-peptide 

bond at this position, two site-directed mutants (D73G and D73P) were created at the 

position of this cis-peptide bond. D73G mutant aims to mimic the mouse PAF-AH that 

is reported only bound to high density lipoprotein (HDL) and D73P mutant aims to 

mimic the common prolyl cis-peptide bond. Expression and purification of ΔPAF-AH, 

as well as cis-peptide bond mutants, were performed using E. coli expression construct. 

Enzyme activity assays using a general substrate were carried out and proved that 

there were no functional differences between wild type and cis-peptide bond mutants, 

indicating the cis-peptide bond does not play a role in enzyme activity. Moreover, 

there are no significant differences of circular dichroism (CD) secondary structure test 

between wild type and mutants, eliminating the possibility that this cis-peptide bond 

may have a influence on protein folding. Through CD thermodynamics test, there was 

a significant decrease of stability of D73G mutant while D73P mutant only show a 

little decline of stability. Possible explanation is that D73G might have changed this 

position to a trans configuration, which leads to the instability of protein. In order to 

test this explanation, high-purity mutant protein samples were produced for further 

crystallization trials. 
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Chapter 1 

INTRODUCTION 

 

1.1 Cis Peptide Bonds in Protein 

Proteins and peptides are known of biological molecules that compose of long 

chains of amino acids. Amino acids are linked together through their carboxylate 

carbon and amine nitrogen atoms, which forms peptide bond. With the purpose for 

interpretation of peptide conformation, three dihedral angles (also known as torsion 

angles) are used to interpret the: Φ(phi), Ψ(psi) and ω(omega), indicating rotation 

about each of three repeating bonds in peptide backbone.  

 

 

Figure 1.1:   Trans and cis conformation of peptide bonds 

Because of the partial double-bond character of peptide bond between C and N, 

the rotation around it is restricted. There are only two conformations which the atoms 
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Cα, O, C, N, Cα+1 are all in one plane are energetically preferred: when dihedral angle 

ω = ±180°, the peptide bond is in trans configuration, while ω = 0°, peptide bond is 

in cis configuration (Figure 1.1). 

In the majority of cases, peptide bond is found to be trans configuration (99.6% 

of the time)3. The rationale behind this preponderance of trans peptide bond is 

believed to lie in the energy difference between trans and cis forms. Because of the 

steric repulsion between neighboring side chains, the cis form is less stable. Early in 

1960s, researchers found there is a high energy barrier (~20 kcal/mol) of the trans-cis 

isomerization, which leads cis-trans isomerization as a rate-limiting step in protein 

folding (Figure 1.2). 5  Due to the cis-trans isomerization, cis-peptide bond may 

compromise the homogeneity of protein and hinder the crystallization study of protein. 
 

 

 

 

Figure 1.2:   Cis-trans isomerization of a prolyl peptide bond. A transition state is 
involved in this one-step mechanism. 
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Though trans peptide bond have a predominant advantage, cis peptide bond is 

still essential for the protein structure maintain. Most of cis peptide bond is found in β 

conformation due to its amenable form for a tight turn.3 The presence of a cis peptide 

bond in β conformation give peptide chain great flexibility to change direction. 

Steinbrecher et al found that β turn of type IV contains around 26% of all cis peptide 

bond.7  

There are two kinds of cis peptide bond: Xaa-Pro (Xaa represents any amino 

acids) and Xaa-nonPro peptide bond. Proline cis-peptide bond is found to be much 

favorable during the study of cis peptide bond. Weiss et al found about there are about 

5.21% Xaa-Pro cis peptide bond but only 0.028% Xaa-nonPro in protein (include 

resolution structure <2.0 Å, 2.0 Å -2.5 Å and ≥2.5 Å) via a set of 571 proteins from 

PDB bank. They also pointed out that high resolution structure (<2.0 Å) contains 

twice of Xaa-Pro cis peptide bond and four times of Xaa-nonPro cis peptide bond in 

medium resolution structure (2.0 Å -2.5 Å). The existence of cis-peptide bond is 

possibly not that rare as we used to believe. Therefore, the resolution of protein 

structure is an important factor for the detection of cis peptide bond.8 

The prevalence of proline in cis peptide bond is because proline experience 

similar steric clashes in both the cis and trans conformation due to its rigid sidechain. 

Study found there is a smaller entropy loss in the conversion from trans to cis in prolyl 

peptide groups than in non-prolyl peptide groups.9 Moreover, compared to the prolyl 

cis-peptide bond, the cis-trans isomerization of non-prolyl cis-peptide bond has an 

additional cost of ~2 kcal/mol (based on the energy barrier ~20 kcal/mol). 
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Figure 1.3:   Non-proline (a) and proline (b) peptide fragments in trans and cis 
conformations. 

 

Despite of the high energy barrier of cis-trans isomerization, the existence of 

cis peptide bond in protein is essential for both structural and functional reasons. For 

example, cis peptide bond can play a role on the enzyme activity. A non-Pro cis 

peptide bond was reported in the structure of Chitinase B, located at Glu-144 and Tyr-

145 in active site at the center of the TIM barrel.11 Study also shows it involved in 

direct contact with substrate while it also stays close to the interface of dimer.12 

(Figure 1.4 A) The prolyl cis peptide bond in Glycinamide ribonucleotide synthetase 

enzymes was found next to the active site of synthetase, which is believed to affect the 
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formation of glycinamide ribonucleotide.13 Beside the influence on the enzyme 

activity, cis peptide bond was also found to be part into the protein interaction. A 

prolyl cis-peptide bond was observed to directly take part in the interaction between 

the N-terminal Zn2+ ribbon domain and the cystathionine beta synthase domain in a 

novel protein from Thermoplasma acidophilum (Figure 1.4 B). 14  

 

 

 

Figure 1.4:   Function of cis peptide bond in protein. (A) The structure of Chitinase B 
(PDB ID: 1GOI) (yellow) highlighting the binding site of N-acetyl D-
glucosamine (NAG) (orange). The residues involved in cis peptide (EY) 
are also indicated (red). The other monomer is shown in cyan. (B) The 
structure of glycinamide ribonucleotide synthetase from E. coli (yellow) 
that holds a cis peptide (AP) at the active site. The ADP-binding site is 
also highlighted, ANP phosphoaminophosponic acid adenylate ester 
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1.2 Platelet-Activating Factor Acetylhydrolase (PAF-AH) 

Platelet-activating factor acetylhydrolase (PAF-AH), also known as 

lipoprotein-associated phospholipase A2 (Lp-PLA2), is a group VIIA PLA2 enzyme 

that catalyzes the hydrolysis of platelet- activating factor (PAF).15 PAF (1-O-alkyl-2-

acetyl-sn-glycero-3-phosphocholine), as a pro-inflammatory mediator, displays a 

diverse spectrum of biological effect. PAF-AHs can catalyze the hydrolysis of acetyl 

group at the sn-2 position of PAF, with yield of lyso-PAF and acetate (Figure 1.5). 

Besides PAF, there are also a wide range of substrate that can be hydrolyze by PAF-

AH, such as oxidized phospholipids from LDL oxidation. Unlike other PLA2 protein, 

PAF-AH can only hydrolyze substrates with short acetyl chain at sn-2 position.17 In 

order to ensure the cellular function integrity, PAF-AHs cannot hydrolyze normal 

cellular phospholipids during they present in an active form inside or outside the cells.  

 

 

Figure 1.5:   PAF-AH catalyzes the hydrolysis of PAF to lyso-PAF and acetate. 

There are three different types of PAF-AH that have been reported: plasma 

PAF-AH, PAF-AH Ib and PAF-AH II.19 As part of the Ca+ independent neutral lipases 



 

 7 

and serine esterase, three of them all contain the highly conserved GXSXG or 

GXSXV motif. The intracellular PAF-AH Ib is mostly found in the brain and contains 

two catalytic α subunits (two α subunits share 63% sequence identity) and one β 

subunits. According to its solved structure through x-ray crystallography, there was 

reported to have no homology or identity with other two PAF-AHs.20  

PAF-AH II is an intracellular N-myristoylated enzyme and located in the 

cytoplasma of liver and kidney cells. It responds to oxidative stress by becoming 

increasingly bound to endoplasmic reticulum and Golgi membranes. It was reported to 

be a necessary enzyme for protecting cells from oxidative stress induced apoptosis.29 

Unlike PAF-AH Ib, PAF-AH II was reported to share 41% sequence identity with 

Plasma PAF-AH.21, 22  

Plasma PAF-AH is an extracellular monomer, circulates in plasma and 

associates with lipoproteins. The structure of Plasma PAF-AH has been solved via x-

ray crystallography (Figure 1.6). 23 As confirmed by the solved crystal structure, 

plasma PAF-AH contains a classic lipase α/β-hydrolase fold with a Ser, Asp and His 

catalytic triad. The serine is located at the conserved GXSXG motif. According the 

crystal structure, there is also a rare, non-prolyl cis-peptide bond in Lp-PLA2 between 

residues Phe72 and Asp73. Research shows that a majority of PAF-AH is associated 

with low density lipoprotein (LDL) and a small portion with high density lipoprotein 

(HDL). 24 
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Figure 1.6:   Structure of plasma PAF-AH. Cartoon view is the whole structure 
plasma PAF-AH. The catalytic triad Ser-273, Asp-296 and His-351 are 
shown in green sticks. The position of non-prolyl cis-peptide bond at 
Phe-72 and Asp-73 is shown in blue lines.  
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Plasma PAF-AH has been obtained high attention from scientists for the past 

several years since the first discovery of the link between the increase of Plasma PAF-

AH concentration or activity to an increased risk of cardiovascular diseases(CVD).25 It 

is well known that the initiation and progress of CVD is greatly associated with the 

severity of atherosclerosis, which is acknowledged as a chronic and dynamic status of 

vascular inflammation. Currently, plasma PAF-AH is recognized as a pro-

inflammatory enzyme which plays a role in regulation of lipid metabolism and 

inflammatory respond. A widely accepted hypothesis is proposed that PAF-AH might 

lead to the vascular inflammation during atherosclerosis because of its ability to form 

pro-inflammatory substance.26 Based on this acknowledgement, a large number of 

studies pointed out that PAF-AH could be used as a biomarker to assess the risk of 

coronary heart diseases (CHD). In the light of this hypothesis, researchers proposed 

that the inhibition of PAF-AH activity could decrease the risk of vascular 

atherogenesis, which leads to many reversible PAF-AH inhibitors were developed in 

pharmaceutical industry. However, there are some controversies about the dual pro-

inflammatory or anti-inflammatory effect of plasma PAF-AH on atherosclerosis. The 

reason why plasma PAF-AH is regarded as anti-inflammatory is its ability to 

hydrolyze PAF and oxidized lipoproteins, both of which are known as harmful to 

vessel wall.30 Some research found that the increase of PAF-AH concentration could 

alleviate vascular inflammation and attenuate atherosclerosis in various animal models. 

However, on the contrary, the decrease of PAF-AH due to the mistake mutation could 

cause the greatly increasing risk of cardiovascular (CV). 31, 32 Though the role of 

plasma PAF-AH in atherosclerosis is still obscured, currently a widely accepted view 



 

 10 

is that plasma PAF-AH associated with LDL is pro-atherosclerotic while plasma PAF-

AH associated with HDL is anti-atherosclerotic.27 

However, despite the high attention on plasma PAF-AH, there are still a lot of 

unsolved question about plasma PAF-AH. The mechanism behind the LDL and HDL 

binding is still obscure. The function of such a rare non-prolyl cis-peptide bond in 

plasma PAF-AH remains unsolved. Therefore, based on the former research of Lp-

PLA2 and solved crystal structure, a hypothesis for the function of this non-prolyl cis 

peptide bond is going to described below. 
 
 

1.3 Non-Prolyl Cis Peptide Bond in Plasma PAF-AH 

As the description above in section 1.1, non-prolyl cis peptide bond is scarce in 

protein due to the high activation energy barrier from cis-trans isomerization. 

Therefore, they usually play a vital role in the proteins such as help maintain the 

function of the protein and control the protein auto-inhibition. Moreover, the cis-trans 

isomerization can also involve in the ion channel gating control.28 

Plasma PAF-AH has a non-prolyl cis peptide bond between Phe-72 and Asp-

73 (Figure 1.7). This cis-peptide bond is part of 𝛽-hairpin extending from Ser-64 to 

Ser-87. As the solved crystal structure shows, the cis peptide bond is far away from 

the catalytic triad. Therefore, it might have little chance to affect the enzyme activity. 
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Figure 1.7:   Stick diagram of Phe-72 and Asp-73 in plasma PAF-AH, shown in   
yellow. 

 

Most of the plasma PAF-AH in Humans is binding to LDL and HDL. 

Researches show that the majority of Humans plasma PAF-AH is bound to LDL while 

only a small portion is bound to HDL. Though the mechanism behind the interaction 

with two lipoproteins is still obscure, the common understanding is that distinct 

regions of plasma PAF-AH interact with LDL and HDL particles. Helix 363-369 in C 
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terminal consists of the binding site for HDL particles and helix 114-125 in N terminal 

is for LDL particles. 

The reason why plasma PAF-AH shows to have a higher affinity to LDL 

binding is unclear, but the apoB, as the apolipoprotein only present in LDL but not in 

HDL, are shown to mediate the interaction between the plasma PAF-AH and LDL 

particles.  

Moreover, the crystal structure of PAF-AH shows that there is a stretch of 

negatively charged amino acids, an acidic patch, which possible plays a role in the 

interaction with apoB (Figure 4). As Figure 4 shows, Y205 residue is very close to the 

acidic patch, consistent with the reckoning presents above. 

Aromatic amino acids are known for the stabilization ability of π interaction. 

Considering the cation-pi interaction between K109 and Y205 (Figure 1.8A), the 

apoB’s clusters of positively charged residues and the acidic patch region, there could 

be a possibility that the Phe cis-peptide bond could mediate the interaction between 

the Y205 and apoB. Thereby the interaction between plasma PAF-AH and LDL could 

be stabilized. 
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Figure 1.8:  Orientation of PAF-AH on a membrane surface, predicted by OPM. (A). 
i-face residue for lipoprotein binding are showing in red. K109 and Y205 
are found to display a cation-π interaction, showing in blue. (B) The i-
face residues are shown after a ~90° rocation of view from (A) 

Table 1.1 Amino acids predicted for lipoprotein binding in plasma PAF-AH 

i-face amino acids 

 

Charged amino acids 

Basic patch Acidic Patch 

Helix 114-125: H114, W115, 

L116, M117, I120, L123, L124 

K55, R58, K363, 
K101, R122, H367, 

K370 

D374, D376, D382, 
D401, D403, D406, 
D412, D413, E414 

Helix 363-369: I364, I365, M368, 

L369 
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Figure 1.9:   Acidic and basic patches. (A)The surface electrostatic potential view of 
PAF-AH, acidic patches showing in red, basic patches showing in blue. 
(B) Amino acids in acidic patches are showing in red while amino acids 
in basic patches are showing in blue. 

Moreover, researches show that majority of plasma PAF-AH in mouse is 

bound to HDL. According to the sequencing alignment results of plasma PAF-AH 

from different mammals, residue-73 in mouse plasma PAF-AH is glycine. Though the 

structure of mouse plasma PAF-AH is unsolved, there is a great chance that the 

peptide bond between Phe-72 and Gly-73 of mouse plasma PAF-AH is in trans 

configuration based on the hypothesis described above. 
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Figure 1.10:   Sequencing alignment result of plasma PAF-AH from mammals. 
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In order to prove the authenticity of the hypothesis, two mutations were 

produced at the site of this non-prolyl cis-peptide bond. The first one is D73G, 

involved the mutagenesis of Asp-73 to glycine, which is aimed to mimic the peptide 

bond between 72rd and 73th residue in mouse plasma PAF-AH. The second one is 

D73P, involved the mutagenesis of Asp-73 to proline, which is aimed to change the 

non-prolyl cis-peptide bond to more favorable prolyl cis-peptide bond to explore the 

rationale behind that. 

 

 

 

Figure 1.11 Stick diagram of Mutagenesis in PAF-AH featuring location 72 and 73. 
(a) Featuring Phe-72 and Gly-73, shown in yellow; (b) Featuring Phe-72 
and Pro-73, shown in yellow. 
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Chapter 2 

MOLECULAR CLONING AND MUTAGENESIS OF ∆PAF-AH 

 

2.1 Introduction 

Plasma ∆PAF-AH is mainly secreted by macrophages during their 

differentiation from monocytes. It was first discovered in the early 1980s due to its 

ability to hydrolase the pro-inflammatory glycerophospholipid PAF. In 1986, human 

plasma PAF-AH was first purified from human plasma by Stafforini and co-

workders.2 In order to separate the PAF-AH with LDL, various of detergents were 

tested and they finally found Tween 20 could well resolve the LDL protein.2 In 1995, 

by screening a monocyte-derived macrophages cDNA library via polymerase chain 

reaction (PCR), the human plasma PAF-AH gene was first cloned by Tjoelker et al. 

According to the report, Plasma PAF-AH is encoded by PLA2G7 gene with 12 exons 

and composes of 441 amino acids.3 

Plasma PAF-AH is 441 amino acids in length. In order to get a better result of 

crystallization screening, a truncated human plasma PAF-AH construct (∆PAF-AH) of 

residue 49-423 was produced by Dr. Prabhavathi Srinivasan from the Bahnson lab. 

The construct lacks 18 amino acids at C-terminus to increase the solubility of protein. 

It also eliminates 8 non-native amino acids at N-terminus which are believed to hinder 

the crystallization. All truncated parts are known to be unnecessary for the protein 

folding and enzyme activity.4 Molecular cloning for this work would be carried out by 
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the recombinant ∆PAF-AH, which was cloned into a bacterial expression vector, 

pGEX-6P1. The mutant constructs of plasma PAF-AH were generated by site-directed 

mutagenesis. 
 

2.2 Materials and Methods 

2.2.1  Materials  

The pGEX-6P-1 vector was from the lab the Dr. Catherine Grimes. ∆PAF-AH, 

in the vector of pGEX-6P-1, was obtained from Kaitlyn Worner from the Bahnson lab. 

The PCR primers and carbenicillin were from Sigma-Aldrich. The Luria-Bertani 

media(LB) and agarose were from Fisher Scientific. The dNTP mix was purchased 

from Promega. The QIAquick PCR Purification Kit was from Qiagen. 

2.2.2 Molecular cloning of ∆PAF-AH 

∆PAF-AH in the vector of pGEX-6P-1 was PCR amplified by using 1 µL ds 

DNA template (30 ng/µL), 2 µL forward primer, 2 µL reverse primer, 5 µL dNTP mix, 

25 µL DNA polymerase. The PCR procedure was performed using the following 

primers and PCR parameter: 

Forward primer (BamHI site underlined) 

5’- AAAAAAGGATCCTCCTTTGGCCAAACT - 3’  

Reverse primer (SalI site underlined) 

5’- AAAAAACAGCTGGTTAATGTTGGTCCCT - 3’  
  



 

 25 

 

Figure 2.1:   The PCR parameter for the amplification of ∆PAF-AH in pGEX-6P1 
vector. 

 

The PCR product was digested with DPN1 and transformed into BL21 

chemically competent cells. Cells from individual single-colonies were grown in 5 mL 

culture overnight. Then, a glycerol stock of construct in BL21 cells was made and 

stored at -80 ℃, while cells from overnight culture were purified by using QIAquick 

PCR Purification Kit and sent to GENEWIZ (South Plainfield, NJ) for DNA 

sequencing. 
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2.2.3 Mutagenesis of ∆PAF-AH 

2.2.3.1 D73P 

Via the site directed mutagenesis, the 73rd residue was mutated from aspartate 

to proline. The PCR procedure was performed by using 1µL plasmid DNA (30 ng/µL), 

2.5 µL forward primer, 2.5 µL reverse primer, 5 µL dNTP mix, 25 µL DNA 

polymerase. The mutation of Asp-73 was performed using the following primers and 

PCR parameter: 

Forward primer (mutation site underlined) 

5’- GTACAGACTTAATGTTTCCTCACACTAATAAGGGCACC - 3’  

Reverse primer 

5’- GGTGCCCTTATTAGTGTGAGGAAACATTAAGTCTGTAC - 3’ 

 

 

Figure 2.2:   The PCR parameter for the mutation of 73rd residues of ∆PAF-AH in 
pGEX-6P1 vector from aspartate to proline. 
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The melting temperature of D73P mutagenesis primer set is 64 ℃, the 

annealing temperatures of this gradient were chosen to be lower than the Tm. 

In order to confirm the mutagenesis was successful, a 0.8% agarose gel was 

run. Then the PCR product was digested with DPN1 and transformed into DH5α and 

BL21 chemically competent cells through electrocompetent transformation. Cells from 

individual single-colonies were grown overnight in 5 mL cultures. Then, a glycerol 

stock of construct in cells was made and stored at -80 ℃, while cells from overnight 

culture were purified by using QIAquick PCR Purification Kit and sent out for DNA 

sequencing (GENEWIZ, South Plainfield, NJ). 

 

2.2.3.2 D73G 

The mutagenesis of 73rd residue from aspartate to glycine was performed as 

same as the 2.2.3.1 did. Via the site directed mutagenesis, the PCR procedure was 

performed by using 1 µL plasmid DNA (30 ng/µL), 2 µL forward primer, 2 µL reverse 

primer, 5 µL dNTP mix, 25 µL DNA polymerase. The mutation of Asp-73 was 

performed using the following primers and PCR parameter: 

Forward primer (mutation site underlined) 

5’- CAGACTTAATGTTTGGTCACACTAATAAGGGC - 3’  

Reverse primer 

5’- GCCCTTATTAGTGTGACCAAACATTAAGTCTG - 3’ 
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Figure 2.3:   The PCR parameter for the mutation of 73rd residues of ∆PAF-AH in 
pGEX-6P1 vector from aspartate to glycine. 

The melting temperature of D73G mutagenesis primer set is 69.7 ℃ and the 

annealing temperatures of this gradient were chosen to be lower than the Tm. 

A 0.8% agarose gel was run to confirm the success of mutagenesis. After the 

digestion with DPN1, the mutagenesis product was transformed into DH5α and BL21 

chemically competent cells via electrocompetent transformation. Cells from individual 

single-colonies were grown overnight in 5 mL culture. Then, a glycerol stock of 

construct in cells was made and stored at -80 ℃, while cells from overnight culture 

were purified by using QIAquick PCR Purification Kit and sent out for DNA 

sequencing (GENEWIZ, South Plainfield, NJ). 
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2.3 Results and Discussion 

The PCR production of wild type ∆PAF-AH, mutant construct D73P and 

D73G was confirm via DNA sequencing.  A sequence alignment was accomplished by 

using those DNA sequencing results. The alignment was performed via Culstal Omega 

software (Figure 2.4). The site directed mutations were performed quiet successful. 

 

 

 

Figure 2.4:   Sequencing alignment results for ∆PAF-AH and cis-peptide bond 
mutants D73G and D73P 
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2.4 Conlusions 

In this chapter, the molecular cloning and mutagenesis of the plasma platelet-

activating factor acetylhydrolase (PAF-AH) was presented. Two site-directed mutants-

D73G and D73P were made. The DNA sequencing result alignment shows the 

accomplishment of mutagenesis and set the first step for the following study.  
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Chapter 3 

EXPRESSION AND PURIFICATION OF PAF-AH  

 

3.1 Introduction 

The purification and expression of recombinant plasma PAF-AH in E. coli was 

standardized in laboratory by Tjoelker et al.1, 2 ∆PAF-AH and cis-peptide bond 

mutants were expressed in chemical competent cells BL21 and induced by IPTG.3 All 

constructs were first purified by a glutathione sepharose column and incubated with 

PreScission Protease to cleave the GST tag. In order to get high-purity protein samples 

for continuing characterization and crystallization trial, cleaved protein samples were 

applied to the FPLC for further purification.  

For the optimization of protein purification, the pH of system buffer was 

dependent on the isoelectric point (pI) of ∆PAF-AH and all cis-peptide bond mutants. 

The pI of each construct was calculated via ExPASy Compute pI tool. The result is 

showing at Table3.1. Therefore, a buffer system at pH 7.8 was used for purification of 

wild type ∆PAF-AH and a buffer system at pH 8.1 was for D73G and D73P mutants 

to ensure a net negative charge of protein. 
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Table 3.1 Predicted pI for ∆PAF-AH and cis-peptide bond mutants 
 

PAF-AH Construct Predicted pI pH of system buffer 

∆PAF-AH 6.68 7.8 

D73G 6.95 8.1 

D73P 6.95 8.1 

 

3.2 Materials and Methods 

 

3.2.1 Materials 

Ampicillin, ATP, MgCl2, 4-nitrophenylacetae (PNPA), Triton X-100 and 

lysozyme were from Sigma-Aldrich. TrisBase, Tris hydrochloride, NaCl, pepstatin, 

dithiothreitol (DTT), TEMED, reduced glutathione, bis-Acrylamide, molecularporous 

membrane tubing, SDS, Ethylenediaminetetraacetic acid (EDTA) and sodium acetate 

were from Fisher Scientific. Ammonium persulfate was purchased from Promega. 

Acrylamide and 2-(N-morpholino) ethanesulfonic acid (MES) was from Acros. The 

glutathione sepharose 4 fast flow and HiTrap Q HP column (5 mL) was from GE 

Healthcare Life Sciences. Isopropyl β-D-1-thiogalactopyranoside was purchased from 

Goldbio.com. All other materials for the expression and purification of PAF-AH are 

listed in Chapter 2. 
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3.2.2 Expression of ∆PAF-AH and mutants in E.coli 

A little scrape of the glycerol stock was grown shaking overnight in 200 mL of 

Luria-Bertani (LB) media with 100 µg/mL ampicillin at 30 ℃ as a starter culture. In 

the following morning 10 mL of overnight culture was grown shaking in 1 L of fresh 

LB media with 100 µg/mL ampicillin at 30 ℃ until it’s OD600 ≈ 0.8 (about 4 h). The 

culture was induced with 1.0 mM IPTG and left shaking overnight at 18 ℃. The cells 

were collected by centrifugation at 8,000 rpm (Sorvall SLA-3000) for 8 min at 4 ℃. 

Pelleted cells were stored at -80 ℃ for later purification. 

 

3.2.3 Purification of ∆PAF-AH and mutants 

The purification of PAF-AH was developed based on the research of previous 

lab member Kaitlyn Worner. 

3.2.3.1 Protein affinity chromatography 

Pelleted cells were thawed at cold room (~4 ℃) for about 1 h and resuspended 

in 50 mM Tris buffer containing 100 mM NaCl, 1 mM DTT, 1 µM pepstatin and 0.1 

mg/mL lysozyme at pH 7.8 or pH 8.1 depending on the construct being purified. Cells 

were lysed by sonication three times of 2 min each with 3 min rest between. Then 

lysed cells were rocked at 4 ℃ with 0.1% Triton X-100 for 30 min to solubilize PAF-

AH fusion and isolate from the cell membrane. Then the suspension was centrifuged 

at 12,000 rpm (Sorvall SS-34) at 4 ℃ for 20 min. Then the supernatant was incubated 

with 10 mM ATP and 20 mM MgCl2 for 15 min at 4 ℃ to remove the chaperone from 

fusion protein. Then a second centrifugation at 12,000 rpm at 4 ℃ for 20 min was 

performed. During the second centrifugation the columns with glutathione sepharose 

resin were equilibrated with 2 column wash buffer containing 50 mM Tris base, 100 
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mM NaCl, 1 mM DTT, 5 mM ATP, 20 mM MgCl2 and 0.1% Triton X-100 at pH 7.8 

or pH 8.1. Supernatant was applied to the equilibrated column and rocked for 

incubation at 4 ℃ for at least 1h to ensure fusion protein was bound to the resin. After 

the incubation, the column was drained and washed by 300 mL equilibration buffer. 

Then 300 ml wash buffer containing 50 mM Tris base, 100 mM NaCl, 1 mM EDTA,   

1 mM DTT and 0.1% Triton X-100 at pH 7.8 or pH 8.1 was applied to the column. 

About 8 mL of wash buffer was left in the column with 800 µL PreScission Protease 

for incubation overnight at 4 ℃ to cleave the GST-tag from the fusion protein. In the 

following morning, cleaved protein was collected and stored at 4 ℃ for later use. To 

remove the PreScission Pretease and GST-tag, two column of wash buffer containing 

0.1 M tris hydrochloride, 0.5 M NaCl at pH 8.5 was applied, then followed by two-

column of 0.1 M sodium acetate and 0.5 M NaCl wash buffer at pH 4.5. Then the 

column was stored at 4 ℃ with 20% alcohol. 

Considering the strong band at GST-tag position on SDS page for cleaved 

protein, a second incubation in glutathione sepharose column was applied to cleaved 

protein. A small column (~10 mL) with Glutathione sepharose resin was equilibrated 

with two-column of 50 mM tris and 100 mM NaCl wash buffer at pH 7.8 or pH 8.1. 

After equilibration, cleaved protein was applied to the column and rocked at 4℃ for 

1h to further remove the GST-tag. The interested protein was collected and store at     

4 ℃ for further purification. To remove the GST-tag on the resin, same procedure was 

applied to the small column as mentioned above. 

 



 

 36 

3.2.3.2 Q-sepharose anion exchange chromatography 

Cleaved protein sample was dialyzed overnight into 2 L of running buffer 

containing 50 mM Tris, 1 mM EDTA, 20 mM NaCl, 1 mM DTT and 0.005% Triton 

X-100 at pH 7.8 or pH 8.1. After overnight dialysis the cleaved protein was 

concentrated by Amicon Ultra centrifugal filter units (30 kDa molecular weight cut-off, 

Millipore) at 2000 rpm (Sorvall SH-3000) to a final volume less than 1 mL. A Q-

sepharose anion exchange FPLC column (5 mL) was equilibrated by 15 mL water, 

followed by low salt buffer containing 50 mM Tris, 1 mM EDTA, 20 mM NaCl, 1 

mM DTT and 0.005% Triton X-100 at pH 7.8 or pH 8.1 at a 1.0 mL/min flow rate. 

Then the concentrated protein sample was loaded onto the FPLC and bound to Q-

sepharose resin. Then the resin was wash by low salt buffer with 20 mL at 1.0 mL/min 

flow rate to remove any nonspecific binding. A linear gradient elution buffer was then 

performed with high salt buffer containing 50 mM Tris, 1 mM EDTA, 750 mM NaCl, 

1 mM DTT and 0.005% Triton X-100 at pH 7.8 or pH 8.1 over 75 mL, ranging from 0% 

- 100% at the same flow rate. Then over 20 mL high salt wash buffer was applied to 

Q-sepharose column to remove remaining bound protein. During the gradient elution, 

fractions were collected as the spikes in UV graph were shown, usually the pure 

protein began to elute between 300 and 350 mM NaCl. Fractions containing pure 

protein were collected together and store at 4 ℃ for further characterization. 
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3.2.3.3 Size-exclusion chromatography 

Cleaved protein sample was dialyzed overnight into 2 L of running buffer 

containing 50 mM Tris, 1 mM EDTA and 150 mM NaCl at pH 7.8 or pH 8.1. After 

overnight dialysis, the cleaved protein was concentrated by Amicon Ultra centrifugal 

filter units (30 kDa molecular weight cut-off, Millipore) at 2000 rpm (Sorvall SH-

3000) to a final volume less than 1 mL. A size-exclusion FPLC column (25 mL) was 

equilibrated by 50 mL water, followed by 25 mL of wash buffer containing 50 mM 

Tris, 1 mM EDTA, 150 mM NaCl, at pH 7.8 or pH 8.1 at a 0.75 mL/min flow rate. 

Then the concentrated protein sample was loaded onto the FPLC and bound to size-

exclusion resin. An hour-long elution buffer was run with the same wash buffer. Then 

over 50 mL water was applied to size-exclusion column to remove remaining bound 

protein at 0.75 mL/min flow rate. During the elution, fractions were collected as the 

spikes in UV graph were shown. Fractions containing pure protein were collected 

together and store at 4 ℃ for further characterization. 

 

3.2.4 Purification of PreScission Protease 

Pelleted cells with recombinant PreScission Protease stored at -80 ℃ were 

thawed at 4 ℃ for 1h. Then cells were re-suspended in lysis buffer containing 50 mM 

Tris, 150 mM NaCl and 2 mM DTT at pH 8.0. Cells were lysed by sonication three 

times of 2 min each with 3 min rest between. Then the suspension were centrifuged at 

14,000 rpm (Sorvall SS-34) at 4 ℃ for 15 min twice to ensure the clarity of soluble 

supernatant. During the second centrifugation the columns with glutathione sepharose 

resin were equilibrated with 3 column volumes of wash buffer containing 50 mM Tris, 

150 mM NaCl and 2 mM DTT at pH 8.0. Supernatant was applied to the equilibrated 
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column and rocked for incubation at 4 ℃ for 2 h to ensure fusion protein was bound to 

the resin. After the incubation, the flow through was discarded. The column was 

washed with wash buffer until the OD 280 was less than 0.075. The elution was 

performed by using 2 mL fraction of 50 mM Tris, 150 mM NaCl and 2 mM DTT and 

10 mM GSH (add fresh) at pH 8. It took about 40 mL before the OD 280 was less than 

0.075. The elution was run on an SDS page gel to ensure the purity. The protein 

sample was dialyzed overnight into 4 L of 50 mM Tris, 150 mM NaCl and 2 mM DTT 

at pH 8.0 to remove the GSH. Then 86% glycerol was added to dilute protein 2-fold. 

0.8 mL aliquots were stored at -80 ℃ until use. 

 

3.2.5 BCA Assay 

In order to determine the concentration of pure protein, BCA protein assay 

(Pierce) was performed to protein sample. Work curve was made by using bovine 

serum albumin (BSA) standards, ranging from 0.125 mg/mL to 2 mg/mL. 50 parts of 

BCA reagent A was mixed with 1 part of BCA reagent B to form working reagent. 

Then BSA standards and protein samples were incubated with 1mL of working 

reagent each at 37 ℃ for 30 min. Then the samples were applied to UV machine and 

read the absorbance at 562 nm. A working curve was made by BSA standards 

absorbance to determine the concentration of protein samples. 

 

3.2.6 PNPA activity assay 

Para-nitrophenyl acetate (PNPA), as a common serine esterase substrate, is 

usually used to assess serine hydrolase activity. Its structure and chemistry mechanism 
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are shown below. Formation of para-nitrophenoxide ion can be monitored by an 

increase in absorbance at 405 nm. This assay was carried out in 1 mL volumes of 50 

mM Tris buffer, pH 7.5 with 5 mM PNPA at room temperature. The assay was 

initiated with the addition of 1 µL purified ∆PAF-AH or mutants (protein 

concentration was ranging from 1-4 mg/mL). The change in absorbance at 405 nm 

was measured for 30 s and the activity of purified protein was determined. In order to 

accurately calculate the enzyme specific activity, the molar coefficient of para-

nitrophenoxide was determined by preparing a calibration curve using known 

concentration of para-nitrophenoxide ranging from 0.01 mM to 0.1 mM. (Molar 

extinction coefficient was ε=13950 M-1∙cm-1)  

 

 

 

Figure 3.1 PAF-AH hydrolyze PNPA to p-nitrophenoxide and acetate. 
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3.3 Results and Discussion 

3.3.1 Expression and purification of  ∆PAF-AH and mutants 

∆PAF-AH and two cis-peptide bond mutants were expressed in E. coli (BL21 

chemically competent cells). ∆PAF-AH, D73G and D73P were expressed 

simultaneously in E. coli about 4 h, and induced with 1 mM IPTG overnight for the 

growth of desired proteins. In order to ensure the desired protein was well expressed 

during cells culture, SDS-PAGE test was performed on whole cells obtained before 

and after overnight induction with IPTG to visualized the relative quantities of fusion 

protein. Cells samples were collected and diluted to a proper concentration for SDS 

PAGE. Then diluted samples were lysed with SDS PAGE sample buffer. The SDS 

PAGE was shown that ∆PAF-AH, D73G and D73P mutant constructs were expressed 

well during overnight induction. It could be seen by the presence of a strong band at 

the position of fusion proteins (69 kDa) in three lanes of induced whole cells when 

compared to the lanes of uninduced whole cells. From these results, it can be ensured 

that the substitution of Asp-73 for proline residues and glycine residues did not change 

the production of fusion proteins during expression.  
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Figure 3.2:    SDS PAGE for the cells expression of D73G, D73P and ∆PAF-AH 
before and after overnight induction with 1 mM IPTG. 

 

In the light of its predicted pI of 6.68, ∆PAF-AH fusion proteins were purified 

in pH 7.8 buffering system. ∆PAF-AH was first purified via a Glutathione Sepharose 

column, with yielding of 1.78 mg of recombinant protein per liter of cell culture. The 

yield of all purified ∆PAF-AH and mutant constructs was determined via BCA assay.  
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Figure 3.3:   SDS PAGE for wild type ∆PAF-AH after purification via a glutathione 
sepharose column. The yield is 1.78 mg protein per liter of cell culture, 
with the purity ~83.5% 

 

The purity of the purified protein of SDS PAGE sample was determined by 

using ImageJ software and was quantified to be approximately 83.5%. Due to this 

purity was not enough for the crystallization trial, size exclusion chromatography was 

performed to further increase the purity of the protein sample. After size exclusion 

chromatography, the purity of protein sample was found to be approximately 97.5%, 

with a reduced yielding of 1.32 mg of fusion protein per liter of cell culture. Protein 
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might have been lost during the protein concentration process (protein samples would 

precipitate because of high concentration) and the protein-loading process in size 

exclusion chromatography. The protein sample was collect and stored at 4 ℃ for 

further characterization. 

 

 

 

Figure 3.4:   SDS PAGE for wild type ∆PAF-AH after second purification via size 
exclusion chromatography. The yield is 1.32 mg protein per liter of cell 
culture, with the purity ~97.5% 
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D73G and D73P mutant constructs were purified in pH 8.1 buffering system in 

the light of their predicted pI of 6.95. D73G was purified via a Glutathione Sepharose 

column, with yielding of 1.57 mg of recombinant protein per liter of cell culture.  

 

 

 

Figure 3.5:   SDS PAGE for cis-peptide bond mutant D73G after purification via a 
glutathione sepharose column. The yield is 1.57 mg protein per liter of 
cell culture, with the purity ~78.6% 
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The purity of the purified protein of SDS PAGE sample was determined by 

using ImageJ software and was quantified to be approximately 78.6%. Due to this 

purity was not enough for the crystallization trial, Q-sepharose anion exchange 

chromatography was performed to further increase the purity of the protein sample. 

After size exclusion chromatography, the purity of protein sample was found to be 

approximately 93.1%, with a final yielding of 1.14 mg of fusion protein per liter of 

cell culture. The protein sample was collect and stored at 4 ℃ for further 

characterization. 

 

Figure 3.6:   SDS PAGE for cis-peptide bond mutant D73G after second purification 
via Q-sepharose anion exchange chromatography. The yield is 1.14 mg 
protein per liter of cell culture, with the purity ~93.1% 
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D73P was purified via a Glutathione Sepharose column, with yielding of 1.65 

mg of recombinant protein per liter of cell culture. 

 

 

Figure 3.7:   SDS PAGE for cis-peptide bond mutant D73P after purification via a 
glutathione sepharose column. The yield is 1.65 mg protein per liter of 
cell culture, with the purity ~83.2% 

The purity of the purified protein of SDS PAGE sample was determined by 

using ImageJ software and was quantified to be approximately 83.2%. Due to this 

purity was not enough for the crystallization trial, Q-sepharose anion exchange 

chromatography was performed to further increase the purity of the protein sample. 
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After size exclusion chromatography, the purity of protein sample was found to be 

approximately 98.7%, with a final yielding of 1.21 mg of fusion protein per liter of 

cell culture. The protein sample was collect and stored at 4 ℃ for further 

characterization. 

 

 

Figure 3.8:   SDS PAGE for cis-peptide bond mutant D73P after second purification 
via Q-sepharose anion exchange chromatography. The yield is 1.21 mg 
protein per liter of cell culture, with the purity ~98.7% 

 

From the results of the expression and purification of these mutant constructs 

of PAF-AH, D73G and D73P cis peptide bond mutants have a quiet similar yielding 
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of ∆PAF-AH. As the assumption we mentioned above, D73G might have changed the 

cis peptide bond to trans peptide bond while the D73P is assumed to remain the cis 

peptide bond in this position. Since the D73P mutant construct is assumed to remain 

the cis peptide bond, the conformation doesn’t change a lot, which is corresponding to 

the similar yield of ∆PAF-AH. However, D73G mutant construct, as a mutant that is 

supposed to be changed from cis peptide to trans peptide bond, it’s yield should have 

increased due to the reduction of cis-trans isomerization step during the protein 

expression. The possible explanation of the similar yielding between D73G mutant 

construct and ∆PAF-AH is the conformation change of cis peptide bond to trans 

peptide bond greatly destabilizes the protein. Therefore, thought there might not be a 

cis-trans isomerization step during the expression of D73G mutant construct, the 

instability of this mutant construct leads to a relatively low protein yielding.  

3.3.2 PNPA assay 

The specific activity of ∆PAF-AH, D73G and D73P was determined via the 

application of PNPA as a serine hydrolysis substrate, which was described in section 

3.2.6. As Figure 3.9 shows, all constructs were found to have relatively similar 

enzyme activity. The specific activity values are as follows: ∆PAF-AH= 39.58 

µmol/mg∙min, D73G= 38.42 µmol/mg∙min and D73P= 40.32 µmol/mg∙min. The result 

indicates that site-directed mutation at residues 72nd and 73rd did not affect the enzyme 

activity 
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Figure 3.9:   Specific enzyme activity of ∆PAF-AH and cis-peptide bond mutants 
D73G and D73P via PNPA assay. 

 

3.4 Conclusions 

Presented in this chapter was the expression, purification and characterization 

of the platelet activating factor acetyl hydrolase. An second glutathione sepharose 

column incubation was performed to optimize the purification process. In addition to 

the WT ∆PAF-AH expression, purification and characterization, D73G and D73P 

mutant constructs were made for further study of this rare non-prolyl peptide bond at 

the same procedure of purification of WT ∆PAF-AH. These mutants were expressed 

and purified in the same method as wild type, ∆PAF-AH. Evaluation of the activity of 

these two mutant constructs proved there were no significant differences in the 
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specific activity between wild type ∆PAF-AH and mutant constructs. Similar enzyme 

activities between wild type and cis-peptide bond mutations point out that this rare 

non-prolyl cis-peptide bond might have no influence on enzyme activity, consistent 

with the hypothesis described on Chapter 1.3. 

 

Table 3.2   Yield and purity of protein samples of ∆PAF-AH, D73G and D73P 

 

PAF-AH Construct Protein Yield (mg/L) Purity(%) 

∆PAF-AH 1.32 97.5 

D73G 1.14 93.1 

D73P 1.21 98.7 
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Chapter 4 

CIRCULAR DICHROISM CHARACTERIZATION OF ∆PAF-AH AND CIS-
PEPTIDE BOND MUTANT STABILITY 

 

4.1 Introduction 

Circular dichroism (CD) is known as the different absorption of left-handed (L) 

and right-handed (R) circularly polarized light. It is an excellent method for evaluating 

the secondary structure, folding and binding properties. Because the CD signals can 

only arise where the absorption occurs, complementary structural informations can be 

obtained from some spectral regions.  

In proteins, the chromophores of peptide bond can usually be absorbed in the 

region below 240 nm, while absorption of the aromatic amino acid side chains can be 

observed in the range 260 nm to 320 nm. Moreover, different type of regular 

secondary structure found in proteins has characteristic CD spectra in the Far UV 

region (Figure 4.1). There are negative bands at 222 nm and 208 nm for the α-helical 

protein and negative band at 218 nm can be observed for protein contains well-defined 

β-pleated sheets. Different from well-folded protein, disordered protein has a low 

ellipticity at 210 nm and a negative band near 195 nm.  
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Figure 4.1:   Characteristic circular dichroism spectra of secondary structure of 
protein. 

 

Moreover, CD is also a great technique for following the unfolding and folding 

of proteins as a function of temperature. As the description above, when protein are 

folded they often have highly asymmetric secondary structure elements such as α-

helices and β-pleared sheets, which have characteristic CD spectra. When the 

temperature increases, protein starts to unfold to lose these highly ordered structures 

and the CD bands change. The changes in CD as a function of temperature at specific 

wavelength, it can be used for determination of thermodynamics of proteins. In this 

work, this function was performed to test the stability of ∆PAF-AH and cis-peptide 

bond mutants. 
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4.2 Methods and Materials 

 

4.2.1 Materials 

The material used for the kinetic and structural analysis include sodium 

chloride, sodium phosphate dibasic anhydrous and sodium phosphate monobasic 

monohydrate, sodium fluoride were purchased from Fisher Scientific. All other 

materials for the production of ∆PAF-AH and cis-peptide bond mutants are listed in 

Chapter 2 and 3. 

 

4.2.2 Determination of secondary structure of ∆PAF-AH 

∆PAF-AH and cis-peptide bond mutants were expressed and purified as 

described in Chapter 3. The protein samples obtained from FPLC were dialysis 

overnight into 2 L of running buffer containing 10mM phosphate (6 mM Na2HPO4 

and 4 mM NaH2PO4), 50 mM NaF at pH 7.0 to ensure complete buffer transfer in all 

samples. Samples were diluted to around 0.1 mg/mL before CD test. Circular 

dichroism was carried out by using a JASCO Spectropolarimeter in Colburn 

Laboratory at University of Delaware. During this whole test, temperature was 

maintained at 20 ℃ with a Julabo F25 water bath and controlled by a JASCO Peltier 

Controller. CD spectra were collected in triplicate by using a quartz cuvette with a 

1mm path length, a data pitch of 0.5 mM, scanning speed of 50 nm/min, and a 

response of 4 s. The wavelength range was from 195 nm to 250 nm. Before the 

measurement, a blank was run of dialysis buffer to automatically correct the baseline. 
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4.2.3 Circular dichroism thermodynamics determination of melting 
temperature of ∆PAF-AH 

∆PAF-AH and cis-peptide bond mutants were expressed and purified as 

described in Chapter 3. The protein samples obtained from FPLC were dialysis 

overnight into 2 L of running buffer containing 10 mM phosphate (6 mM Na2HPO4 

and 4 mM NaH2PO4), 50 mM NaCl at pH 7.0 to ensure complete buffer transfer in all 

samples. After overnight dialysis protein samples were concentrated by Amicon Ultra 

centrifugal filter units (30 kDa molecular weight cut-off, Millipore) at 2000 rpm 

(Sorvall SH-3000) to a final protein concentration around 0.5mg/mL before CD test. 

Circular dichroism was carried out by using a JASCO Spectropolarimeter in Colburn 

Laboratory in University of Delaware. An initial spectra mesurement of the protein 

sample was performed to determine the wavelength that have maximal ellipticity at 20 

℃. Then the measurements were performed by using a quartz cuvette with a 0.5 mm 

path length, a data pitch of 2 ℃, temperature slope from 10 to 20 ℃, a delay time of 

180 s and a response of 2 s. The temperature range was from 10 ℃ to 90 ℃. 
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4.3 Results and Discussions 

 

4.3.1 Secondary structural analysis 

The circular dichroism spectrum was obtained from wild type ∆PAF-AH and 

cis-peptide bond mutants D73G and D73P. Despite of the automatic deduction of the 

baseline, the data set still needed further analysis. In order to obtain the mean molar 

ellipticity per residue, the unit of the ellipticity was converted from the mdeg as CD 

reported to deg. The concentration of enzyme was calculated in dmol/mL and number 

of residues would be accounted for. The mean molar ellipticity per residue was 

performed as a final unit deg∙cm2∙dmol-1. After this unit conversion, the CD spectrum 

was shown the mean molar ellipticity per residue at each wavelength. 

The CD spectra of ∆PAF-AH, D73G and D73P did not show any obvious 

differences. Since most of proteins contains both α-helices and β conformation, the 

spectra show the combination of these two structures. All cis-peptide bond mutant 

samples remained fully folded, therefore ensure the reliability of the later CD 

thermodynamics test. 
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Figure 4.2:   Circular dichroism secondary structure analysis of ∆PAF-AH and cis-
peptide bond mutants D73G and D73P. ∆PAF-AH is showing in black 
squares. D73P mutant is showing in red circles and D73G mutant is in 
blue triangles. No significant changes in the spectrum for any of the 
constructs. 
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4.3.2 Determination of melting temperature 

The circular dichroism thermodynamics was obtained from wild type ∆PAF-

AH and cis-peptide bond mutants D73G and D73P. First the unit of data set was 

converted to deg∙cm2∙dmol-1 to determine the mean molar ellipticity per residue at 

each temperature. After conversion, the CD thermodynamics data was fit by using the 

sigmoid curve vs. Boltzmann function of Origin version 2016 for Windows. The 

melting temperature was obtained from this nonlinear fitting. 

 

 

Figure 4.3:   (A) Sample curve of sigmoid curve vs. Boltzmann function (B) Formula 
of sigmoid curve vs. Boltzmann function 
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Two samples of wild type ∆PAF-AH were run under the temperature slope of 

15 ℃/h and 20 ℃/h separately at wavelength 222 nm. The melting temperature Tm 

calculated from CD thermodynamics data set was 77.7 ℃ and 81.0 ℃. 

 

 

Figure 4.4:   Circular dichroism thermodynamics analysis of ∆PAF-AH. The melting 
temperature was calculated via Origin 2016 software for windows. 
Calculated Tm was 81.0/77.7 ℃. 
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Two samples of cis-peptide bond mutant D73P were run under the temperature 

slope of 10 ℃/h separately at wavelength 222 nm. The melting temperature Tm 

calculated from CD thermodynamics data set was 72.7 ℃ and 75.20 ℃. 

 

 

Figure 4.5:   Circular dichroism thermodynamics analysis of cis-peptide mutant D73P. 
The melting temperature was calculated via Origin 2016 software for 
windows. Calculated Tm was 72.7/75.2 ℃. 
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Two samples of cis-peptide bond mutant D73G were run under the temperature 

slope of 10 ℃/h and 20 ℃/h separately at wavelength 222 nm. The melting 

temperature Tm calculated from CD thermodynamics data set was 62.6 ℃ and 60.3 ℃. 

 

 

Figure 4.6:   Circular dichroism thermodynamics analysis of cis-peptide mutant D73G. 
The melting temperature was calculated via Origin 2016 software for 
windows. Calculated Tm was 62.6/60.3 ℃. 
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4.4 Conclusions 

Presented in this chapter was the structural characterization and stability of the 

high-purity platelet activating factor acetyl hydrolase via CD instrument. The CD 

spectra of ∆PAF-AH, D73G and D73P did not show any obvious differences, 

indicating that all cis-peptide bond mutant samples remained fully folded. Considering 

the similarity of CD spectra about secondary structure between wild type and cis-

peptide bond mutations, this non-prolyl cis-peptide bond might have little influence on 

protein folding.  

Though protein samples after first purification (glutathione sepharose column) 

can also be performed on CD thermodynamics (protein purity range from 76% – 

82 %), in order to increase the reliability of data set, we use the high purity of the 

protein samples (protein purity range from 93% - 99%). The detailed information 

about the wild type construct ∆PAF-AH and two cis-peptide bond mutants are shown 

in the Table 4.1.  

The melting temperature of D73G greatly decreases compared to WT ∆PAF-

AH. The possible explanation of the instability of this mutant is that this cis-peptide 

bond might have been changed to trans configuration, therefore the structure of PAF-

AH is damaged based on the hypothesis that it maintains the binding of LDL. 

However, there is still not direct evidence to prove that this position is changed to 

trans configuration. A crystallization trial is essential for the structure analysis of this 

mutant. The Tm of D73P also shows a slightly decline. Since the Asp-73 was changed 

to proline, the structure might be rigid due to the sidechain of proline. For this reason, 

this mutant cannot adjust well during the temperature change, which might lead to the 

thermodynamic instability of this mutant. 
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Table 4.1   Protein yield, purity and melting temperature after second purification of 
∆PAF-AH and cis-peptide bond mutants.  

PAF-AH 

construct 

Yield(mg/mL) Purity (%) Tm (℃) 

∆PAF-AH 1.32 97.5 81.0/77.7 

D73G 1.14 93.1 62.6/60.2 

D73P 1.21 98,7 72.7/75.2 
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Chapter 5 

CONCLUSION AND FUTURE DIRECTION 

The work presented here contributes to a better understanding of the non-prolyl 

cis-peptide bond in human plasma PAF-AH. Based on the hypothesis described in 

Chapter 1, Two site-directed mutants, D73G and D73P, were made with the goal of 

studying the function of this non-prolyl cis-peptide bond. The comparison of enzyme 

activity between wild type and two mutants was performed by PNPA assay. There 

were no functional differences between them, indicating the cis-peptide bond does not 

play a role in enzyme activity.  

The CD secondary structure characterization also points out that the two 

mutants studied were both folded well during expression and purification, eliminating 

the possibility that this cis-peptide bond may have a influence on protein folding.  

However, we can see there is an obvious decrease of protein stability for these 

two mutants via the decline of Tm. The D73G mutant had a significantly decreased 

thermal stability based on a denaturation characterization using CD. Although the 

D73P mutant was assumed to be in cis configuration, its stability was also reduced 

albeit to a lower extent, based on a slightly elevated Tm compared to the wild type 

enzyme.  

Moreover, high purity and well-folded protein samples of two mutant 

constructs were successfully made, which is a necessary step to pursue crystallization 

trials and subsequent structure determination. 
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By now, there is no direct evidence to prove the hypothesis that non-prolyl cis-

peptide bond play a role in maintain of LDL binding. Therefore, a high-resolution 

crystal structure is needed for further exploration about its function. Even following 

the successful future crystal structure of the D73G mutant which may show that this 

position has been changed to a trans configuration, the correlation between this cis-

peptide bond and LDL binding would still not be completely proven. During the 

structure determination for these two mutants, a molecular dynamics computational 

calculation for the energy barrier between the wild type and cis-peptide bond mutants 

can be performed to get a better understanding of these configurations. 
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PERMISSION LETTER 

 

 
  



 

 68 

 


