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Abstract 

Direct blockade of the transcription factor-coactivator interaction between hypoxia 

inducible factor 1 (HIF-1) and p300 by designed small molecules would prove valuable 

by inhibiting gene transcription of vascular endothelial growth factor (VEGF), thus 

suppressing tumor angiogenesis, metastasis and altered energy metabolism. This thesis 

reports investigation of designed bis-epidithiodiketopiperazines (bis-ETPs) as effective 

inhibitors of the p300-CH1-Zn2+-HIF-1α complex. Our results indicate that the naturally 

occurring product chetomin, and the designed bis-ETPs serve as potent and selective sub-

micromolar modulators of the HIF-1α C-TAD/p300/CBP CH1 interaction.  Regulation of 

gene expression by targeting the transcription factor-coactivator interface with designed 

small molecules could prove valuable in preventing angiogenesis in hypoxic tissues and 

in reducing growth of solid tumors.  
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Introduction 

Hypoxia describes a physiological state in which tissues and cells lack a healthy supply 

of oxygen.(1) This state is significant in the development of neoplastic conditions, because 

most malignancies exist under chronic hypoxia.(2, 3)  In order to sustain rapid growth of 

tumorigenic cells, normal supplies of blood and oxygen are rapidly exhausted.  Typically, 

in hypoxic environments cells undergo apoptosis, or programmed cell death, due to lack 

of available oxygen and nutrients.(1, 2) However, certain groups of cells are able to adapt 

to the new oxygen-limiting conditions, via upregulation of a protein called hypoxia 

inducible factor 1 (HIF-1). This results in proliferation of tumorigenic cells, creating a 

stronger malignancy and greater chance for metastasis to occur.  HIF-1 is a transcription 

factor consisting of an α-subunit and a β-subunit that must bind to its cognate DNA 

sequence and recruit a co-activator in order to initiate transcription.(4) HIF-1 belongs to a 

class of heterodimeric, basic helix-loop-helix transcription factors, where one of its 

subunits is constitutively expressed, but posttranslationally regulated.(5)  Specifically, the 

α-subunit of HIF-1 changes its levels in response to hypoxic conditions.   In cells and 

tissues, HIF-1  is a transcriptional regulator of glycolytic enzymes, glucose transporters, 

and vascular endothelial growth factor (VEGF), a potent mitogen, which is implicated in 

growth of the new blood vessels.(1) In normal cells such a response would be welcomed 

in order to maintain homeostasis under hypoxic conditions; however in solid tumors, 

binding of VEGF to its receptors, initiates angiogenesis, resulting in creation of new 

blood vessels within the tumor as sprouts of the existing vascular tree.(3,6) This results in 

an increased blood supply for the tumor, and subsequently its rapid growth and metastatic 

spread. VEGF specifically induces endothelial cells to undergo mitosis and, in turn, to 
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proliferate, making it one of the primary reasons of tumor-associated angiogenesis.(4,7) 

Blocking the transcription of the VEGF gene and downreglating the levels of VEGF 

protein could suppress blood vessel growth.  This can be accomplished by preventing the 

interaction between HIF-1α and its cognate co-activators.  The co-activator, p300 and its 

closely homologous CREB binding proteins (CBP) bind HIF-1α C-terminal 

transactivation domain (C-TAD) resulting in chromatin remodeling and initiation of the 

transcription of the VEGF and other hypoxia-inducible genes.(8) The C-TAD of HIF-1α 

recruits p300 and CBP by contacting their cysteine/histidine-rich 1 (CH1) domains .(9) 

The CH1 domain of p300/CBP has a tetrahedral shape; its fold is maintained by the 

coordination of three Zn2+ ions which forms the protein’s active conformation (Figure 

1a).(10) The zinc-free protein maintains a different fold consisting of random coils. 

Furthermore, CH1 domain also changes conformations upon binding of HIF-1α C-TAD 

or transactivating domains of other transcription factors.(9) According to the NMR studies 

conducted by Dial et al., the least stable conformation exists when the CH1 domain is 

metal-free, followed by the more stable Zn2+ coordinated protein, and finally, the most 

stable is CH1-Zn2+-HIF-1α complex.(9)  It is important to note that the contact surface 

between p300/CBP CH1 and HIF-1α C-TAD is large – it spans over 3390 Å2,(6) and 

hence, the direct disruption of this complex with small molecules may be challenging.  

However, Kung et al. determined that the naturally occurring compound chetomin 

(Figure 1b) disrupts the interaction between the CH1 domain of p300/CBP and HIF-1, 

although the exact mechanistic details of this disruption are not known.(6) Drawing on 

structural and genetic insights, the Olenyuk group designed a new class of synthetic bis-

epidithiodiketopiperazines (bis-ETPs) (Figure 1c) that like chetomin, are potent and 
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selective modulators of HIF-1α C-TAD - p300/CBP CH1 interaction without the 

unnecessary complexity of the natural product. 

The purpose of this thesis research is to determine the scope and limitations of this new 

class of synthetic modulators of transcription that bind the CH1 domain of p300/CBP and 

prevent the thermodynamically stable CH1-Zn2+-HIF-1α complex from forming and 

inducing the gene transcription of VEGF. The compounds of interest successfully block 

the high-affinity protein-protein interactions by disrupting the global fold of the CH1 

domain of p300/CBP rather than by covalently modifying the protein.(6) The described 

work is to investigate biophysical details of this process.  The results of this research may 

guide future designs of potent and specific small molecule regulators of gene expression, 

whose function would be based on cell-specific and tissue-specific differences in 

transcriptional machinery composition. 

 

Methods 

 

Plasmids.  The DNA sequence of human p300 CH1 domain (amino acid residues 323-

423) was designed as an insert and subcloned into a pUC57 plasmid by Genscript, Inc. 

After transformation of the plasmid in JM109 bacteria (Promega), the gene sequence was 

subcloned into BamH I and EcoR I restriction sites of pGEX-4T-2 expression vector 

(Amersham).(11)   

 

Protein Expression and Isotopic Labeling.  The pGEX 4T-2-p300 fusion vector was 

transformed by graduate student Katherine Block, into BL21 DE3 pLys competent E. coli 
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(Novagen).   Production of the desired p300-CH1-GST fusion product was verified by 

SDS-PAGE and confirmed by sequencing.(11) A small overnight culture was then setup in 

20 mL of Luria-Bertani (LB) media (Table 1). A single colony was picked from the E. 

coli with an autoclaved toothpick and placed in the same flask as the LB media. The 

colony was allowed to grow for 16 hours prior to large scale inoculation at 37°C, while 

shaking at 200 rpm.  The 20 mL of small culture were then added to 1 L of previously 

warmed and autoclaved LB media containing 100 μg/mL of ampicillin. The 1 L culture 

was allowed to shake at 200 rpm at 37°C, for one hour. The culture was then monitored 

for absorbance at 600 nm using a spectrophotometer until it reached an optical density 

(O.D.) of 0.7. The culture was subsequently centrifuged at 4400g (~5900 rpm) for 10 

minutes at 4°C in 50 mL polyethylene (pp) Falcon tubes.  The supernatant, containing 

only media, was disposed of and the bacterial pellets were retained. The pellets were then 

washed using 20 mL of 1 × M9 salts per 50 mL Falcon tube and centrifuged for 2 

minutes at 4400 g at 4°C. The supernatant was again removed and the washes were 

repeated once more. Then the pellets were gently re-suspended in 1 L of pre-warmed 

minimal media (Table 2) and allowed to shake at 37°C and 200 rpm.(12) After one hour, 

protein expression was induced by adding 800 μL of isopropyl β-D-1-

thiogalactopyranoside (IPTG) to the 1 L culture; it was allowed to grow for 4 hours. The 

bacteria were again harvested by centrifugation at 4400 g for 10 min at 4°C in 50 mL 

(pp) Falcon tubes. The culture was divided into six separate Falcon tubes and 

centrifugation steps were repeated until no media remained. The samples were placed 

upside down in a 4°C refrigerator for 15 minutes in order to drain as much supernatant as 

possible. The pellets were then re-suspended in lysis/sonication buffer as per protocol of 
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Kung et al. (Table 3); 6 mL per Falcon tube for a final volume of 36 mL.(6) 36 μL of DTT 

solution were added to the re-suspension at 1 μL per milliliter along with 360 μL of 

protease inhibitor cocktail at 10 μL per milliliter. The 36 mL sample was ready for 

sonication and was frozen at -20°C.  

 

Sonication of pGex Bacteria. The frozen sample was allowed to thaw at room 

temperature and stored on ice. The sample was then sonicated at 50% amplitude for 3 

minutes and 30 seconds, divided into 30 second pulses. The sonicator was cooled with ice 

water for 1 minute in between pulses. The sonicated product was poured into an 80 mL 

Nalgene bottle and centrifuged at 15,000 g for 40 minutes at 4°C. The supernatant was 

retained in a 50 mL (pp) Falcon tube and 1 mL of 50% glutathione (GSH) sepharose bead 

slurry was added (see preparation of GSH beads). The sample was allowed to shake 

overnight at 4°C. 

 

Preparation of Glutathione Sepharose Beads. Stock glutathione sepharose resin was 

vortexed thoroughly before use. Glutathione sepharose slurry (1.33 mL, 20% in EtOH) 

was added to 10 mL of cold PBS (autoclaved) in a 15 mL (pp) Falcon tube. The solution 

was centrifuged at 500 g. The supernatant was removed with a glass Pasteur pipette and 1 

mL of phosphate-buffered saline (PBS) was added to the Falcon tube yielding 2 mL of 

50% slurry for use.  

 

Column Purification of P300-CH1-GST. Five elution buffers were created with an 

increasing concentration gradient of glutathione in 1× final buffer; 2.5 mM, 5 mM, 10 
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mM, 25 mM, and 50 mM. The supernatant/bead mixture was poured onto a small plastic 

column. A 50 mL Falcon tube was set up below the column to obtain the flow through. 

The material was allowed to settle for 2 minutes and then flow through the column. The 

remaining supernatant was poured on the column and let flow until the liquid was at the 

level of the thin layer of beads. The beads were washed three times with cold PBS, 10 

mL per wash, and then three times with 1x final buffer pH 8.0 (100 mM NaH2PO4, 10 

mM Tris), 10 mL per wash. The washes were collected in two separate Falcon tubes. 

Two milliliters of the first elution buffer (2.5 mM) were added to the column and allowed 

to incubate for 10 minutes. The column was opened and the effluent was collected. The 

process was repeated twice more with the 2.5 mM elution buffer and then twelve more 

times, three times for each increasing concentration of buffer. Each fraction was collected 

in a new Falcon tube and all 15 tubes were stored at 4°C until they were dialyzed. The 

p300-CH1-GST was then verified by SDS-PAGE gel.  

 

Gel Electrophoresis. Samples (10 μL) were taken from each elution fraction and 

placed in Eppendorf tubes along with 40 μL of loading buffer (SDS with BME). Samples 

from the pellet, flow through, PBS, 1× final buffer washes, and beads were also prepared 

and run on the gel. 20 μLs of each sample were added per lane to 11% acrylamide gels 

(6% stacking). 5 μL of L-Fermentas Unstained Ladder were used to verify the molecular 

weight of p300-CH1-GST; 37kD. The gel was run at 100 volts and stained with 

coomassie blue.  
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Dialysis of p300-CH1-GST.  Dr. Clay Bracken, our collaborator, requested a protein 

with a concentration between 70 μM and 100 μM containing zero glycerol and zero 

glutathione (GSH) for NMR studies. Several buffers were tested before arriving at one 

that preserved the hydrophobic p300-CH1 protein in solution (Table 4). The final buffer 

used contained; 400 μM ZnCl2, 1×  buffer (113 mM NaH2PO4, 10 mM Tris, pH 7.4), 5 

mM DTT, 500 μM GSH (first 6 hours), and 0 μM GSH (second 6 hours) added in their 

respective order to 1 L of Milli-Q H20. The final protein sent to Dr. Bracken was taken 

from the second and third 10 mM GSH fractions off of the column. The samples (2 mL), 

were placed into dialysis cassettes and dialyzed for 12 hours. The buffer was changed at 6 

hours and the GSH concentration was reduced from 500 μM to 0μM. The buffer was 

again changed at 9 hours and the GSH concentration was kept at 0 μM. Once the dialysis 

was complete the protein was removed from the cassettes and placed in 15 mL Falcon 

tubes. The concentration was checked by the absorbance at 280 nm and by a Bradford 

assay. If needed the protein was concentrated using a 3500 molecular weight cut off 

(MWCO) Amicon Millipore centrifuge tube and the absorbance check was repeated.  

 

Bradford Assay. A 1 mg/mL standard stock solution of bovine serum albumin (BSA) 

was created and used to make several 1 mL standards of varying concentrations; 0.5, 1, 2, 

4, 8, and 10 μg/mL all containing 200 μL of Bradford reagent and an appropriate amount 

of Milli-Q H2O. The absorbance of each standard was measured at 595 nm and a standard 

curve was developed so that dilutions of the desired protein could be superimposed upon 

the standard curve and the concentrations could be derived using the Beer-Lambert Law; 
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A = εℓc. ‘A’ is the absorbance, ‘ε’ is the molar absorptivity (49110 for p300-CH1-GST, 

Protein Data Bank), ‘ℓ’ is the path length (usually 1), and ‘c’ is the concentration. 

Nuclear Magnetic Resonance. Two 500 μL samples were submitted to our 

collaborator Dr. Clay Bracken for NMR at concentrations of 80 μM and 115 μM, 

checked by the absorbance at 280 nm.   

Surface Plasmon Resonance.  Sample of p300-CH1-GST ranging from 0.4 mg/mL to 

1 mg/mL were submitted to Dr. Zuohe Song, Arizona Cancer Center. Measurements 

were made using a Biacore 2000 instrument and CM5 chip which is composed of a 

carboxymethylated dextran polymer covalently attached to a gold surface.(9) 

Results and Discussion 

The large-scale expression was originally conducted in LB media because the bacteria 

were able to reach a critical mass more quickly in LB media than minimal media prior to 

induction (Figure 2). This in turn yielded a greater amount of pure protein. The protein 

p300-CH1-GST was successfully purified, labeled, and verified by SDS-PAGE gel and 

NMR. The gels (Figures 6-9) yielded bands at 37 kD which is the molecular weight of 

p300-CH1-GST.  The NMR conducted by Dr. Clay Bracken also confirmed the identity 

and purity of the protein p300. The 15N HSQC spectra of p300-CH1-GST collected by 

Dr. Bracken compares reasonably well to the p300 TAZ 1 NMR spectra reported by De 

Guzman et al. in CBP/p300 TAZ1 Domain Forms a Structured Scaffold for Ligand 

Binding (Figure 3 a-b) .(13) It can be deduced from Figures 3 a-b that many of the cross 

peaks match up and that specific outlying resonances exhibit consistent patterns. The 

purification of p300-CH1-GST for nuclear magnetic resonance (NMR) proved to be 

difficult at first. The collaborator requested that the protein contain no GSH and no 
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glycerol. Dissolving p300-CH1-GST in glycerol is highly advantageous due to the 

hydrophobic nature of the protein; however glycerol interferes with NMR by increasing 

the viscosity of the protein supernatant, thus making it unfavorable. GSH also poses a 

problem for NMR because it lengthens the relaxation time of the experiment. It was 

found that the protein was more stable in a GSH solution, and so another way was needed 

to maintain the stability of the sample. Lowering the pH of the dialysis buffer from 8.0 to 

7.4 prevented protein from precipitating. This can be attributed to the lowering the pH 

away from the isoelectric point of p300 which is around 8.4. It was also observed that 

increasing the concentration of NaH2PO4 from 100 mM to 113 mM helped to further 

stabilize the protein. ZnCl2 was introduced into the buffer because Zn2+ ions coordinate 

proper folding of p300-CH1 as the cysteine and histidine residues chelate Zn2+.  This 

protocol was designed to refold the protein without urea and remove glutathione (GSH) 

so that GST may fold properly and prevent GSH from interfering with the CH1 domain.  

In 2004, Kung et al. identified chetomin as a disruptor of HIF-1 to p300 and so the first 

objective was to determine how well the ETPs were binding p300 in comparison to 

chetomin. SPR studies were conducted to help ascertain equilibrium constants which 

quantify how well our designed molecules are functioning. The same purification method 

used to prepare the protein for NMR was also used for SPR because the increased 

viscosity caused by the presence of glycerol prevents p300-CH1-GST from binding 

properly to the SPR chip. The SPR studies were conducted in buffers containing 

dithiothreitol (DTT), in order to emulate the reducing conditions found within the 

intracellular milieu.(11) The DTT acts on the ETPs by reducing the disulfide bridges 

resulting in dithiols which appear to be essential for biological activity as shown in 
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Figure 4.  It seems that the concentration of DTT does not matter as long as it is present 

in solution. The ETPs will not bind p300-CH1-GST unless the sulfurs exist in the dithiol 

form.  Figure 5 shows that both chetomin (Figure 1b) and ETP 2 (Figure 1c) successfully 

bind p300-CH1-GST with sub-micromolar affinity. The KD values obtained were 5.5 ×  

10-7 M for chetomin, and 7.4 ×  10-7 M for ETP 2. The rates on and off are represented by 

the Ka and Kd values which express how quickly the compounds are respectively, binding 

and dissociating from the protein. Chetomin and ETP 2 exhibit similar binding kinetics; 

chetomin yielded Ka and Kd values of 6.08 ×  103 M-1s and 3.34 ×  10-3 s-1, respectively, 

while ETP 2 yielded Ka and Kd values of 5.11 ×  103 M-1s and 3.76 ×  10-3 s-1. Thus, 

chetomin and ETP 2 bind rapidly to p300-CH1-GST and dissociate slowly from the chip. 

The control DKP 3 (Figure 1d) did not bind the protein at any concentration up to 5.0 ×  

10-5 M.(11)  

Conclusion 
 
Transcription factors (TFs) rank among the most important proteins in cell biology as 

they function to direct the readout of genetic material.  These proteins are master 

regulators of self-renewal, differentiation and proliferation.  Aberrant expression of these 

proteins in cancers is responsible for maintenance of the neoplastic phenotype. 

Regulation of gene expression with small molecules is a complex and challenging field, 

because of the difficulties that persist in finding or designing high-affinity ligands for 

common transcription factors.  Transcription factors typically lack surface involutions 

necessary for the development of small molecule inhibitors. In order to solve the problem 

of modulation of transcription factor function, it is often necessary to focus on targeting 

the transcription factor-coactivator interface.  Direct inhibition of the transcription factor-
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coactivator interfaces is a difficult, but tractable problem because of the large surface area 

involved in these interactions: for HIF-1/p300, this is an area of 3393 Å2.  Based on 

structural and biological insights, we designed small molecules that target TF-coactivator 

interactions, thereby modulating the activity of the human transcription factor.  Designed 

bis-ETPs are sub-micromolar inhibitors of the contact between HIF-1α C-TAD and 

p300-CH1 domain. The structural and biophysical data provided by the work described in 

this thesis will give first insights into the details of the modulation of this important 

protein-protein interaction.   
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Figures 
 
 

 

Figure 1. (a) p300 CH1 domain (blue) bound to HIF-1α C-TAD (red), with Zn2+ ions 
(cyan) derived from NMR. (b) Structure of chetomin (1) (from Chaetomium cocliodes). 
(c) Illustration of the distances between the centers of the two disulfide bridges in 
chetomin (1) and ETP (2), derived from molecular modeling. (d) Chemical composition 
of DKP (control) (3).  
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Figure 2. Flowchart of methods for protein cloning, expression, and purification. 
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Figure 3. a) 15N HSQC spectra of p300-CH1-GST collected by Dr. Clay Bracken. b) 
p300 TAZ 1 containing 3 equivalents of Zn2+ (see ref.13). 
 
 

b) 

a) 
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Figure 4. SPR sensorgrams of ETP 2 bound to p300-CH1-GST with varying micromolar 
concentrations of DTT. a) and b) Illustrate that ETP 2 is binding the protein in 
concentrations of 100 μM and 500 μM DTT, respectively. c) Shows that without DTT, 
ETP 2 did not bind p300-CH1-GST protein.  
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Figure 5.  SPR sensorgrams representing a different small molecule bound to a chip 
modified with p300-CH1-GST fusion protein. The concentrations of compounds tested 
were; 50 nM, 200 nM, 500 nM, 1 µM, 10 µM, and 50 µM; each concentration was tested 
twice. a) and b) represent the reversible binding curves of chetomin 1 and ETP 2, 
respectively, at sub-micromolar dissociation constants. c) Illustrates that DKP 3 which 
does not contain two dithiols (reduced) does not bind the p300-CH1-GST fusion protein. 
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                        1        2       3       4       5        6        7        8        9        10 

 
 
Figure 6. SDS-PAGE gel verification that p300-CH1-GST has been successfully 
purified. a) 1- Fermentas Unstained Ladder, 2-10 are p300 in GSH buffers ranging from 
2.5 mM to 10 mM. 2- 2.5 mM, 3-2.5 mM, 4- 2.5 mM, 5- 5 mM, 6- 5 mM, 7- 5 mM, 8- 10 
mM, 9- 10 mM, 10- 10 mM. 

 
 

 
                              1          2            3            4            5            6          7                        

 
 

Figure 7. SDS-PAGE gel verification that p300-CH1-GST has been successfully 
purified. 1- Fermentas Unstained Ladder, 2-7 are p300 in GSH buffers ranging from 25 
mM to 50 mM. 2- 25 mM, 3- 25 mM, 4- 25 mM, 5- 50 mM, 6- 50 mM, 7- 50 mM. 
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                             1            2            3            4            5             6           7 

 
 
Figure 8. SDS-PAGE gel verification that p300-CH1-GST has been successfully 
purified. 1- Fermentas Unstained Ladder, 2-6 are p300 in various stages of purification. 
2- harvested bacterial pellet, 3- flow through, 4- PBS washes, 5- final buffer washes, 6- 
GSH beads, 7- Fermentas Unstained Ladder. 
        
 
                               1      2       3        4       5        6        7       8       9      10 

 
 
Figure 9. PAGE gel verifications that p300-CH1-GST has been successfully purified. 
This gel includes two 10 mM fractions from the GSH column as well as the two protein 
samples, and the precipitate and supernatant from different dialysis buffers that were used 
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for experimental purposes. 1, 2- Fermentas Unstained Ladder, 3, 4- p300 in 10 mM GSH, 
5- the 45 μM dialyzed protein which was concentrated to 80 μM using an Amicon 
Millipore centrifuge tube and sent to be analyzed for NMR, 6- the 115 μM dialyzed 
sample which was also sent to be used for NMR, 7- supernatant from a NaCl buffer used 
for experimental dialysis, 8- protein that precipitated in the NaCl buffer solution, 9- 
supernatant collected from a Tris buffer solution also tried for dialysis, 10- Fermentas 
Unstained Ladder.  
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Table 1 
LB Media (1 Liter) 

tryptone 10 g 
yeast extract 5 g 
NaCl 5 g 

 
Table 2 

Recipe for 1L of Supplemented Minimal Growth Medium (from J. Biomolecular NMR: 20: 71-75, 
2001.) 

 
5x M9 Salts  

 
200.0 ml 

D-glucose* Stock (20 g/100 ml) (0.2µm filter sterilized) 20.0 ml (80ml 15N only) 
Minimal Essential Media§ 10.0 ml 
1M MgSO4 (autoclaved) 2.0 ml 
1M CaCl2 (autoclaved) 0.1 ml 
0.4 mM Biotin    100.0 mg 

Recipe for 1L of 5x M9 Salts (autoclaved)  

 
KH2PO4 

Na2HPO4•7H2O 
NaCl 
NH4Cl* 
(pH adjusted to 7.2 with NaOH) 
 

 
15.0 g 
64.0 g 
2.5 g 
5.0 g 

 

*For isotopic labeling 15NH4Cl was substituted for unlabeled NH4Cl.  Milli-Q H2O was used in place of 
deionized water for preparing the solutions. § Minimal Eagle Media was purchased from Mediatech. The 
above recipe is a modification of M9 minimal media.(12) 

 
Table 3 

 

 
 
 
 

Lysis Buffer (As per 
paper protocol (Kung et al 
Cancer Cell, July 2004, vol 6 
p.33-43) 

50 mM Tris (pH 8.0) 
150 mM NaCl 
100 μM ZnCl2 

1 mM EDTA 
10 mM MgCl2 

1 mM DTT 
0.1% NP40 

50 μg/mL RNase A 
50 μg/mL DNase A 

10 μM pepstatin 
10 μM MgCl2 

1 mM DTT 
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Table 4 
 

 
 

Trial Dialysis Buffers 

Phosphate Buffer 1 (pH 6.5) 
50 mM NaH2PO4 
200 μM ZnCl2 

1 mM DTT 
NaCl Buffer (pH 6.5) 
100 mM NaCl 
200 μM ZnCl2 
1 mM DTT 
Tris Buffer 1 (pH 6.3) 
10 mM Tris 
0.5 mM ZnCl2 

10 mM DTT 
0.02% NaN3 

Phosphate Buffer 2 (pH 8.0) 
100 mM NaH2PO4 
10 mM Tris 
500 μM GSH (reduced to 0) 
400 μM ZnCl2 
5 mM DTT 
Final Phosphate Buffer (pH 7.4) 
100 mM NaH2PO4 
10 mM Tris 
500 μM GSH (reduced to 0) 
400 μM ZnCl2 
5 mM DTT 


