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Abstract 

 

Enzymatic Synthesis of CoA Derivatives  

Using a New ATP Regeneration System 

 

 

 

 

Diana Williams, MA 

The University of Texas at Austin, 2010 

 

Supervisor:  Katherine A. Willets 

Co-Supervisor:  Adrian Keatinge-Clay 

 

 

The research project, The Enzymatic Synthesis of CoA Derivatives Using a New 

ATP Regeneration System, describes the multiple lab trials conducted to develop an ATP 

regeneration system using various concentrations of specific substrates and the two 

enzymes MatB and PrpE.  Reactions were combined using different concentrations of 

ADP, the addition or removal of ADK (adenylate kinase), and the substitution of either 

MatB or PrpE.  Further reactions were combined using trans-crotonyl, trifluoroacetic 

acid, butyric acid, acetic acid, and creatine phosphokinase.  This report also includes the 

methods used and analysis of the different chromatographs of each sample tested. 
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Chapter 1:  Introduction 

The biosynthesis of polyketides (PKS) is being studied in order to manufacture new 

biopharmaceuticals, primarily new antibiotics. Polyketides are closely related to fatty 

acids.  They are complex molecules that come from natural biological, microbial sources.  

Complex polyketides are composed of acetates, propionates, or butyrates.  Their carbon 

chain backbones can be extended by a series of reactions which consist of condensation 

(KS), ketoreductase (KR), dehydratase (DH), and finally enoyl reductase (ER) (Khosla 

2007).  The condensation or ketosynthesis reaction is the linking together of the thioester 

with the malonyl CoA (chain extending unit).  Ketoreductase is where a keto group is 

reduced from a C=O to a hydroxyl group (C-OH).  Dehydration or the dehydratase 

reaction takes place when a molecule of H2O is removed from the chain, leaving behind a 

C=C bond.  Finally, enoyl reductase takes place where the C=C bond is reduced to two 

methylene (CH2) groups. The type of molecule that is synthesized in PKS is dependent 

on the enzyme that is used in this process.  

1.1  PURPOSE OF STUDY   

The purpose of this study is to develop an ATP-regeneration system in order to 

fuel the coupling of methylmalonate to coenzyme A to generate 2 RS-methylmalonyl-

CoA, which is a building block in the complex mechanism of manufacturing these 

polyketides.  The cost of production of polyketides typically exceeds a thousand dollars 

per gram of the purified product.  It would be very beneficial to be able to produce as 

much CoA derivative as possible from as little ATP as possible.  
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1.2 RESEARCH OBJECTIVES 

1. To identify the concentrations of adenosine 5’-triphosphate (ATP), adenosine 

diphosphate (ADP), and adenylate kinase (ADK), necessary to maintain an ATP 

regeneration system. 

2.  To identify the optimal percent concentration of methanol to water in the HPLC 

       gradient. 

3.  To determine if PrpE (propional-Coenzyme A) is as effective as MatB (malonyl 

      Coenzyme A) in an ATP regeneration system.  

1.3 SEQUENCE OF RESEARCH PROJECT 

This research project began with a comprehensive literature review discussing the 

biosynthesis of polyketides, based on articles suggested by Dr. Adrian Keatinge-Clay, 

graduate student Andrew Harper, as well as, an independent online search of other related 

articles. 

Laboratory experiments were then conducted to identify the optimal conditions 

for the HPLC instrument in order to separate the species and better identify the products 

of the reactions being studied.  The third step was to combine the substrates in different 

concentrations, as well as the addition of different enzymes.  Finally, these reactions were 

run on the HPLC to identify the preferable concentrations of these substrates and various 

enzymes for a successful ATP regeneration system.  A positive control of a MatB 

reaction was run as a comparison.  The contents of this reaction are shown in table 1.  

The chromatograph in figure 1-1 shows the results of this reaction.  The peak found 

between 10.5 and 12 minutes, is the peak that shows the CoA derivative, which is the 

desired product. 
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Table 1:  MatB positive control for comparison 

 

Ingredient 
Stock Conc. 
(M) 

Final Conc 
(mM) 

Volume 
Added (µl) 

Polyphosphate 1 400 40 

Tris-HCl pH=7.5 1 60 6 

Malonate 1 20 2 

MgCl2 0.4 8 2 

ATP 0.5 5 1 

Pantetheine 0.05 5 10 

Glycerol 50 10 20 

MatB 
  

1 

Water 
  

18 

      100 

 

 

Figure 1-1:  MatB + Ctrl reaction to show CoA derivative 
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Chapter 2:  Background 

2.1  LITERATURE REVIEW  

MatB is a malonyl-Coenzyme A synthetase gene. It is a coenzyme A derivative, a 

core metabolite that exists in all cells.  Its nucleophilic nature allows for the elongation of 

polyketide chains by two carbons (Khosla 2007).  It is similar to long chain fatty acid 

CoA ligases of E. coli.  MatB catalyzes the formation of malonyl-CoA directly from 

malonate (extender unit) and CoA with the hydrolysis of ATP to adenosine 

monophosphate (AMP) and inorganic phosphate (PPi).  If malonyl-CoA is accumulated, 

enzymes such as methylmalonyl-CoA mutase and pyruvate carboxylase could be 

inhibited (Pohl 2001). 

In order to design an ATP regeneration system, various concentrations of ATP, 

ADP, and ADK will be tested, as well as the addition of several different enzymes, in 

order to design an ATP-regeneration system. 

 

 Illustration 2-1:  ATP regeneration system  

High performance liquid chromatography (HPLC) will be used to observe the 

complex samples due to their large number of components. More specifically, reversed 

phase HPLC will be used.  In the reversed phase, the elution strength decreases as the 
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solvent becomes more polar.  Gradient HPLC gives greater sensitivity because of its 

more constant peak width (Shabir 2004).  The UV detector monitors absorption by the 

sample at different wavelengths.  Pantetheine reactions will be run on the HPLC 

monitoring the absorption of a thioester which occurs ˜235nm.  Malonyl coenzyme A is 

absorb at ˜254nm, therefore, these reactions will be monitored at that wavelength. 

Acyl carrier proteins (ACP’s) can be assayed as a substrate to accept a malonate 

(extender unit) from malonyl CoA, catalyzed by a crude malonyl CoA:  ACP 

acyltransferase (MAT) preparation.  The two most common metabolically available 

substrates are malonyl-CoA and methylmalonyl-CoA.  “Malonyl-CoA Synthetase is an 

enzyme that is capable of intracellular synthesis of polyketide precursors.” (Pohl 2001).  

According to Pohl, R. trifolii malonyl-Co-A synthetase provides an attractive route to 

expand the lexicon of precursors available for polyketide biosynthesis, making it an 

attractive catalyst for the in vivo or in vitro formation of building blocks for polyketide 

synthesis (Pohl 2001). 
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Chapter 3 Experimental Methodology 

3.1  OVERVIEW 

Reactions were run using different concentrations of ATP, ADP, and ADK.  

Some reactions included MatB, while others included PrpE.  Additionally, samples were 

combined using trans-crotonyl, trifluoroacetic acid, butyric acid, acetic acid, and 

phosphocreatine kinase.  All samples were run on the HPLC to identify the various peaks 

and determine whether or not a CoA derivative was present.   

3.2  METHODS 

           

      Figure 3-1(a):  –80 ˚C freezer                             Figure 3-1(b):  Ice bucket 

A variety of substrates and enzymes are removed from the –80 ˚C freezer (see figure 3-

1[a]), and placed immediately in an ice bucket (see figure 3-1[b]) to preserve them from 

degrading.  Final concentrations for reaction substrates were calculated using the molarity 

equation M1V1=M2V2. Reactions were then mixed, and allowed to incubate overnight at 

room temperature. 
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Figure 3-3:  Samples in Liquid Nitrogen  

Remaining substrates and enzymes were flash frozen in liquid nitrogen (figure 3-3) and 

placed back in the –80 ˚C freezer.  Once the samples had been incubated overnight at 

room temperature, samples were run on the HPLC instrument (figure 3-4); data was 

collected, and analyzed.  The samples were then placed in the refrigerator in order to 

keep them from any further degradation. 

 

Figure 3-4:  Digital image of HPLC instrument 
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3.3  REACTIONS 

This study began with the use of pantetheine and the enzyme MatB.  Pantetheine 

has been proven to mimic the activity of CoA.  The first set of reactions varied in their 

concentrations of ADP and in the addition of ADK, as shown on table 2 below. 

Table 2:  Reactions 1, 2, 3, and 4 

Reaction 1 

Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Reaction 2 
 
Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Polyphosphate 1 400 40 Polyphosphate 1 400 40 

Tris-HCl 
pH=7.5 1 60 6 

Tris-HCl 
pH=7.5 1 60 6 

Malonate 1 20 2 Malonate 1 20 2 

MgCl2 0.4 8 2 MgCl2 0.4 8 2 

ADP 0.01 0.2 2 ADP 0.01 0.2 2 

Pantetheine 0.05 5 10 Pantetheine 0.05 5 10 

Glycerol 50 10 20 Glycerol 50 10 20 

MatB 
  

1 MatB   1 

PPK 
  

5 PPK   5 

ADK 
  

5 ADK   0 

Water 
  

7 Water   12 

      100       100 

Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Polyphosphate 1 400 40 Polyphosphate 1 400 40 

Tris-HCl 
pH=7.5 1 60 6 

Tris-HCl 
pH=7.5 1 60 6 

Malonate 1 20 2 Malonate 1 20 2 

MgCl2 0.4 8 2 MgCl2 0.4 8 2 

ADP 0.01 1.0 10 ADP 0.01 1.0 10 

Pantetheine 0.05 5 10 Pantetheine 0.05 5 10 

Glycerol 50 10 20 Glycerol 50 10 20 

MatB   1 MatB   1 

PPK   5 PPK   5 

ADK   5 ADK   0 

Water   0 Water   4 

      100       100 

 

Reaction one contained a final concentration of 0.2mM ADP, 5mM pantetheine, 5µl 

ADK, and the enzyme MatB.  Reaction one and two were identical, except for the 

absence of ADK in reaction two.  Reaction three contained a final concentration of 

1.0mM ADP, 5mM pantetheine, 5µl ADK, and the enzyme MatB.  Reaction four 

contained all the same ingredients except that the ADK was omitted (Table 2).  The 

substrates were combined and allowed to incubate over night at room temperature in 

Reaction 3 Reaction 4 
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order for the enzymes to react.  The samples were then run on the HPLC instrument; data 

was collected, and analyzed (see figures 4-1 and 4-2). 

Table 3:  Reaction 1, 2, 3 and 4     

Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Polyphosphate 1 400 40 Polyphosphate 1 400 40 

Tris-HCl pH=7.5 1 60 6 Tris-HCl pH=7.5 1 60 6 

Malonate 1 20 2 Malonate 1 20 2 

MgCl2 0.4 8 0 MgCl2 0.4 8 0 

ADP 0.01 0.2 2 ADP 0.01 0.2 2 

CoA 0.05 5 10 CoA 0.05 5 10 

Glycerol 50 10 20 Glycerol 50 10 20 

MatB 
  

1 MatB   1 

PPK 
  

5 PPK   5 

ADK 
  

5 ADK   0 

Water 
  

7 Water   12 

      100       100 

Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Polyphosphate 1 400 40 Polyphosphate 1 400 40 

Tris-HCl pH=7.5 1 60 6 Tris-HCl pH=7.5 1 60 6 

Malonate 1 20 2 Malonate 1 20 2 

MgCl2 0.4 8 2 MgCl2 0.4 8 2 

ADP 0.01 1.0 10 ADP 0.01 1.0 10 

CoA 0.05 5 10 CoA 0.05 5 10 

Glycerol 50 10 20 Glycerol 50 10 20 

MatB   1 MatB   1 

PPK   5 PPK   5 

ADK   5 ADK   0 

Water   0 Water   4 

      100       100 

 

Reaction one contained a final concentration of 0.2mM ADP, 5mM CoA, 5µl ADK, and 

the enzyme MatB.  Reaction two contained all the same ingredients except that the ADK 

was omitted.  Reaction three contained a final concentration of 1.0mM ADP, 5mM CoA, 

5µl ADK, and the enzyme MatB.  Reaction four contained all the same ingredients except 

that the ADK was omitted (Table 3).  The substrates were combined and allowed to 

incubate over night at room temperature in order for the enzymes to react.  The samples 

were then run on the HPLC instrument; data was collected, and analyzed (see figures 4-3 

and 4-4). 

Reaction 1 Reaction 2 

Reaction 3 Reaction 4 
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Table 4:  Reaction 1 and 2     

Ingredient 
Stock 
Conc. (M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Polyphosphate 1 20 2 Polyphosphate 1 20 2 

Tris-HCl 
pH=7.5 1 60 6 

Tris-HCl 
pH=7.5 1 60 6 

Propionate 1 20 2 Propionate 1 20 2 

MgCl2 0.4 8 2 MgCl2 0.4 8 2 

ATP 0.05 5 10 ATP 0.05 5 10 

CoA 0.05 5 10 CoA 0.05 5 10 

Glycerol 50 10 20 Glycerol 50 10 20 

PrpE   1 PrpE   1 

PPK   5 PPK   5 

ADK   5 ADK   0 

Water   37 Water   42 

      100       100 

 

Reaction one contained a final concentration of 5mM ATP, 5mM CoA, 5µl ADK, and the 

enzyme PrpE.  With the exception of omitting the ADK from reaction two, reaction one 

and two were identical (see table 4).  The substrates were combined and allowed to 

incubate over night at room temperature in order for the enzymes to react.  The samples 

were then run on the HPLC instrument; data was collected, and analyzed (see figure 4-5). 

 The reactions from table 5 were combined and allowed to incubate over night at 

room temperature in order for the enzymes to react.  The samples were then run on the 

HPLC instrument over three different gradients; data was collected, and analyzed (see 

figures 4-6 thru 4-10). 

Reaction 1 Reaction 2 
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Table 5:  Reaction 1, 2, 3, and 4 

Reaction 1 

Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Reaction 2 
 
Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Tris-HCl 
pH=7.5 1 60 6 

Tris-HCl 
pH=7.5 1 60 6 

Acetic Acid 1.6 30 1.9 Butyric Acid 1.5 30 2 

MgCl2 0.4 30 7.5 MgCl2 0.4 30 7.5 

ATP 0.05 10 20 ATP 0.05 10 20 

CoA 0.05 5 10 CoA 0.05 5 10 

Glycerol 50 10 20 Glycerol 50 10 20 

PrpE 
  

1 PrpE   1 

Water 
  

32.6 Water   33.5 

      100       100 

 

Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

 
Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Tris-HCl 
pH=7.5 1 60 6 

Tris-HCl 
pH=7.5 1 60 6 

Trans-crotonyl 0.857 30 3.5 
Trifluoroacetic 
Acid 1 30 3 

MgCl2 0.4 30 7.5 MgCl2 0.4 30 7.5 

ATP 0.05 10 20 ATP 0.05 10 20 

CoA 0.05 5 10 CoA 0.05 5 10 

Glycerol 50 10 20 Glycerol 50 10 20 

PrpE   1 PrpE   1 

Water   32.5 Water   32.5 

      100       100 

Reaction 5 

Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Reaction 6 
 
Ingredient 

Stock 
Conc. 
(M) 

Final 
Conc 
(mM) 

Volume 
Added 
(µl) 

Tris-HCl 
pH=7.5 1 60 6 

Tris-HCl 
pH=7.5 1 60 6 

Malonate 1 15 1.5 Malonate 1 15 1.5 

Phosphocreatine 1 0.5 0.5 Phosphocreatine 1 0.5 0.5 

10 X BSA   5 10X BSA   5 

ATP 0.05 5 2.5 ATP 0.05 5 2.5 

CoA 0.05 5 10 CoA 0.05 5 10 

Glycerol 50 5 10 Glycerol 50 5 10 

HEPES 1  2.5 PrpE   1 

MatB   2.5 MatB   2.5 

CPK   2.5 CPK   0 

ADK   2.5 ADK   2.5 

Water   15.5 Water   18 

      100       100 

 

Reaction 3 Reaction 4 
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Chapter 4 Results and Analysis 

4.1  HPLC CHROMATOGRAPHS 

(a).  (b).   

Figure 4-1:  HPLC Chromatograph of 0.2mM ADP, MatB, Pantetheine (a). with ADK, 
and (b). no ADK 

Pantetheine mimics CoA.  There should be a defined peak at approximately the 

same time range as the CoA derivative of the MatB positive control reaction (see figure 

1-1).  This reaction contained Pantetheine, the enzyme MatB, and the addition of ADK 

(see table 2 reaction 1).  Yet, there is no defined peak at the desired time range, see figure 

4-1(a).  Identical reactions for one and two were run; however, reaction two contained no 

ADK (see table 2 reaction 2).  Once again there was no significant peak in the desired 

time range see figure 4-1 (b).  The HPLC is set so that it only reads for the first twenty 

minutes, any peaks shown after that time, is due to the impurities during the flushing of 

the column.  Therefore, the apparent peak after the twenty minute time range is not a 

pantetheine derivative. 
 

(a).    (b).  

Figure 4-2:  HPLC Chromatograph of 1.0mM ADP, MatB, Pantetheine (a). with ADK, 
and (b). no ADK. 
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With the increase in ADP concentration, Pantetheine, the enzyme MatB, and the 

addition of ADK (see reaction 3 table 2), there is a minimal peak at about 12.5 minutes.  

The goal is to optimize the peak at approximately 12.5 minutes, to indicate that a 

pantetheine derivative was formed.  As seen in figure 4-2 (a), a small peak is observed at 

12.5 minutes.  But, with the omission of the ADK, the pantetheine derivative peak is not 

observed (see figure 4-2 [b]). The results for the pantetheine reactions regardless of the 

difference in substrate concentrations, would suggest that ADK was not a factor.  

However, because there were no significant peaks in any of the four reactions, there may 

have been an issue with either the enzyme used, or the HPLC instrument.  To ensure the 

viability of the enzyme MatB, the reactions were run a second time with a new aliquot.  

Chromatographs of the new reactions proved to be consistent with the previous reactions.  

Reactions were run a third time with supervision to ensure the accuracy of the pipette 

measurements.  Once again the chromatographs were consistent with the first trials.  

Consequently, CoA was substituted for the pantetheine in the following reactions.   
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(a).  (b).  

Figure 4-3:  HPLC Chromatograph of 0.2mM ADP, MatB,  CoA (a). with ADK and 
(b). no ADK. 

Reaction one on table three contains MatB, ADK, and CoA.  At these 

concentrations, there was a small peak at the desired time range (see figure 4-3 [a]), 

indicating that the CoA derivative is present.  Ideally the CoA peak should be smaller and 

the peak shifted slightly to the right should be larger.  Tweaking the concentrations of 

substrates should give more efficient results. 

Reaction two on table three is identical to reaction one with the exclusion of 

ADK.  In this reaction, the chromatograph shows no evidence of a CoA derivative (see 

figure 4-3[b]).  These results might suggest that the presence of ADK was necessary for 

the reaction to go to completion. 

  

(a).   (b).  

Figure 4-4:  HPLC Chromatograph of 1.0mM ADP, MatB, CoA (a). with ADK and 
(b). no ADK. 
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Reaction three on table three with an increased concentration of ADP, the 

addition of ADK, MatB, and CoA, showed a slight improvement in the CoA derivative 

peak.  The peak on the chromatograph shown in figure 4-4 (a), is slightly greater than the 

peak shown in the 0.2mM ADP reaction (see figure 4-3 [a]). 

In reaction four, table three the substrates were identical to those of reaction three, 

table three, with the exclusion of ADK.  The chromatograph for this reaction showed a 

very similar peak at the same time range (figure 4-4 [b]).  The results of the 1.0mM ADP 

reactions contradicted the results of the 0.2mM ADP reactions.  After analyzing the 

chromatographs it is not clear if the ADK was necessary to carry the reaction to 

completion.  While the ADK did seem to help the reaction when added, the absence of 

ADK did not seem to impede the reaction. 

 

(a).  (b).  

Figure 4-5 Chromatograph of ATP, PrpE, (a). with ADK, and (b). no ADK reactions 

The PrpE reactions shown in figure 4-5, showed positive results when combined 

with ATP.  In reaction 4-5 (a) the ADK seems to increase the size of the CoA derivative 

peak.  Whereas, in reaction 4-5 (b) the absence of ADK shows a decrease in the desired 

time range. 

 

(a). (b). (c).  

Figure 4-6 Chromatograph of acetic acid reactions (a, b, & c) 
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The acetic acid reactions shown in figure 4-6, were run on different HPLC 

gradients.  Reaction (a) was run on a 0 – 50% MeOH gradient, reaction (b) was run on a 

0 – 66.7% MeOH gradient, and reaction (c) was run on a 5% - 95% MeOH gradient.  The 

chromatograph with the most defined peaks and best results seems to be the 5% - 95% 

MeOH gradient. 

(a). (b). (c).  

Figure 4-7 Chromatograph of butyric acid reactions (a, b, & c) 

The butyric acid reactions shown in figure 4-7, were run on different HPLC 

gradients.  Reaction (a) was run on a 0 – 50% MeOH gradient, reaction (b) was run on a 

0 – 66.7% MeOH gradient, and reaction (c) was run on a 5% - 95% MeOH gradient.  

Once again, the chromatograph with the most defined peaks and best results seems to be 

the 5% - 95% MeOH gradient. 

(a). (b). (c).  

Figure 4-8 Chromatograph of trans-crotonyl reactions (a, b, & c) 

The trans-crotonyl reactions shown in figure 4-8, were run on different HPLC gradients.  

Reaction (a) was run on a 0 – 50% MeOH gradient, reaction (b) was run on a 0 – 66.7% 

MeOH gradient, and reaction (c) was run on a 5% - 95% MeOH gradient.  The results of 

the trans-crotonyl reactions were not as visibly unique as the acetic acid and butyric acid 

reactions.  However, the best results do seem to be in the 5% - 95% MeOH gradient. 
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(a). (b).  (c).  

Figure 4-9 Chromatograph of trifluoroacetic acid reactions (a, b, & c) 

The trifluoroacetic acid reactions shown in figure 4-9, were run on different HPLC 

gradients.  Reaction (a) was run on a 0 – 50% MeOH gradient, reaction (b) was run on a 

0 – 66.7% MeOH gradient, and reaction (c) was run on a 5% - 95% MeOH gradient.  The 

results of the trifluoroacetic acid reactions showed mixed results.  Although there were 

more peaks visible in the 5% - 95% MeOH gradient, the visible peaks were not well 

defined. 

 

(a).  (b).  (c).  

Figure 4-10 Chromatograph of phosphocreatine kinase reactions (a, b, & c) 

The phosphocreatine kinase reactions shown in figure 4-10, were run on different 

HPLC gradients.  Reaction (a) was run on a 0 – 50% MeOH gradient, reaction (b) was 

run on a 0 – 66.7% MeOH gradient, and reaction (c) was run on a 5% - 95% MeOH 

gradient.  The results of the phosphocreatine kinase reactions contradicted the results of 

the acetic acid, butyric acid, and trans-crotonyl reactions.  In this reaction, the 0 - 50% 

MeOH gradient, showed the best results. 
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Chapter 5 Conclusions and Future Research 

5.1  SUMMARY 

Polyketide natural products show great promise as medicinal or agrochemical 

products. Methylmalonyl CoA is a core metabolite that exists in all cells, and is the first 

dedicated intermediate in the biosynthesis of polyketides (Khosla 2001).  An ATP 

regeneration system would be extremely useful in order to keep the source of 

methylmalonyl CoA available within the PKS reaction.  Thus, the main justification for 

bioengineering of modular polyketide synthases and the research into creating an ATP 

regeneration system is to make new molecules for biological and pharmaceutical 

products and therapies at a decreased cost.  

5.2  RECOMMENDATIONS FOR FUTURE STUDIES 

Given the time constraints for this study, a successful ATP regeneration system was 

not produced.  The MatB, ADK reactions proved to be the most efficient.  Future studies 

might include a continuation of these reactions, testing different concentrations of the 

substrates.  The validity of the chromatographs collected on the Beckman Coulter HPLC, 

which was used for this research project was questionable.  Therefore, for future studies 

the Waters HPLC should be used to collect data.        
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5.3  APPLICATION TO EDUCATION 

The research and procedures conducted in this study will be very useful in the 

classroom environment.   

1. Students will be made aware of the techniques and methods used in the research 

environment.   

2.  The importance of accurate documentation in a lab journal will also be stressed. 

3. They could be asked to do an online research project pertaining to cellular metabolism 

and the importance of an ATP regeneration system. 

4. On a more general level they could be asked to find the chemical structures of these 

substrates and calculate the formula weights, as well as the molarities of different 

concentrations of each. 
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