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 Abstract 

Some of the volatile molecules that yield the characteristic properties sweet basil are part 

of a family of chemicals called phenylpropenes.  These compounds are found throughout the 

plant kingdom, and are essential for protection of plants from predators, as well as attraction of 

pollinators for fertilization.  In sweet basil the phenylpropenes are produced in the peltate 

glandular trichomes on the surfaces of the leaves.  Within these trichomes, there is a complex 

biochemical pathway that produces the volatile molecules that make up basil’s essential oil. 

Within the pathway, which also produces the flavones for sweet basil, there is one common 

molecule or branching point, which is p-coumaroyl CoA.  At this branching point, p-coumaroyl 

CoA can be altered by one of four enzymes.  One such enzyme, chalcone synthase (CHS), turns 

the pathway towards the production of flavones.  In order for the plant to create the important 

phenylpropenes, methychavicol and methyleugenol, either cinnamoyl-CoA reductase or p-

coumaroyl shikimate transferase are active. One interesting enzyme in this complex pathway is 

coniferyl alcohol acetyl transferase (CAAT), which is active in two phenylpropene producing 

legs of the pathway.  Its primary activity is to produce the esters of coniferyl and p-coumaryl 

alcohol in order to create the substrates for eugenol synthase (EGS), so that eugenol and 

chavicol, respectively, can be produced.  Characterization of CAAT has shown that the enzyme 

is optimally active at biological pH, and that it favors specific substrates.  Namely, kinetic data 

has shown that CAAT will more readily convert p-coumaryl alcohol and coniferyl alcohol, than 

any other substrate.  Expression of this enzyme for a second time proved unsuccessful, and will 

need to be redone in order to further the study of CAAT. 
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Introduction 

Sweet basil is an aromatic plant whose uses range from being a food preservative to 

being medicinally important due to antioxidant qualities.  Throughout history, the essential oils 

from basil have been recognized for their usefulness in flavoring foods for human consumption 

and health preservation.  Many of the molecules that have these beneficial effects are secondary 

metabolites, which means that they are very low molecular weight compounds whose function in 

regards to the whole organism is not contained in the primary metabolic processes. 

Some of the volatile molecules that yield the characteristic basil properties are part of a 

family of chemicals called phenylpropenes.  These compounds are found throughout the plant 

kingdom (11), and are essential for protection of plants from predators, as well as attraction of 

pollinators for fertilization.  The phenylpropenes in sweet basil are mass-produced and stored in 

the peltate glandular trichomes on the surfaces of the leaves (9).  It has been shown that in the 

peltate glandular trichomes, 13% of the expressed sequence tags are for the genes responsible for 

the functioning of the phenylpropanoid pathway (9).  In addition, the trichomes are able to be 

isolated intact from the rest of the plant, and fortunately they are all single cells that are 

performing the same processes at the same time, which makes them an ideal subject for study.   

The biochemical pathway that creates these volatile compounds also creates the flavones 

for sweet basil (see figure 1).  The phenylpropenes and flavones have one common molecule or 

branching point, which is p-coumaroyl CoA.  At this branching point, p-coumaroyl CoA can be 

altered by one of four enzymes.  One such enzyme, chalcone synthase (CHS), turns the pathway 

towards the production of flavones.  In order for the plant to create the important 

phenylpropenes, methychavicol and methyleugenol, either cinnamoyl-CoA reductase or p-

coumaroyl shikimate transferase are active.   
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The phenylpropenes are important by themselves, but are also building blocks for larger 

molecules such as lignans, which are antioxidants and antimicrobials.  Their primary function in 

the plant seems to be protection from other species (5).   

One interesting enzyme in the complex phenylpropanoid pathway is coniferyl alcohol 

acetyl transferase (CAAT).  This enzyme is active in two phenylpropene producing legs of the 

pathway.  It has two primary activities, one of which is to produce the ester of coniferyl alcohol 

in order to create the substrate for eugenol synthase (EGS), so that eugenol can be produced by 

reduction of the ester (10).  In another leg of the phenylpropanoid pathway, CAAT produces the 

ester of p-coumaryl alcohol so that it can be recognized by EGS and converted to chavicol.  

Following the enzymatic conversion by EGS, two O-methyltransferases with remarkably similar 

sequences become active to methylate chavicol and eugenol in order to create a more specific 

secondary metabolite.  These two enzymes are aptly named Eugenol O-Methyltransferase 

(EOMT) and Chavicol O-Methyltransferase (CVOMT) (8). 

CAAT is a member of the BAHD family of acyltransferases, as determined through 

sequence homology.  Its function is not unique, in that acyl transfer is a common and very 

important process in the modification of many metabolites in plants.  Members of the BAHD 

family are capable of acylating a wide variety of substrates, but are usually limited to a small 

number of available substrates while performing their function within the plant (2).  Some of the 

members of the BAHD family have been studied extensively.  For instance, Vinorine Synthase 

from Rauvolfia serpentina has been analyzed on the molecular level, before there was 

anavailable crystal structure (1), just like we were attempting to do with CAAT.  It was shown 

through mutations that the active site for vinorine synthase contained catalytic amino acid 

residues that carried out its acetylating function (1).  Similar to the other members of the BAHD 
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family, another acyltransferase from Clarkia breweri was characterized in 2002 and it was 

shown that it also catalyzes reactions with a large range of alcohols (3). 

It is reasonable to think that the expression of CAAT may be governed by the age and 

location of the leaves.  Its activity is probably localized to the trichomes as opposed to being 

omnipresent in the plant.  The enzyme, p-Coumaroyl Shikimate Transferase (CST), has 

differential activity throughout the plant as well (7).  It is also a player in the phenylpropanoid 

pathway, and it is primarily active in the tissues that are producing eugenol, thought it also found 

in other tissues at lower levels (7).  Other enzymes in the phenylpropanoid pathway are localized 

to the trichomes and not found over many other tissues, such as those having to do primarily with 

volatile compound production (CVOMT, EOMT, and EGS). The enzymes in the 

phenylpropanoid pathway up until the production of coniferyl and p-coumaryl alcohol are 

actually present in many tissues throughout the plant, especially vascular tissues.   

Previous characterization of CAAT has shown that the enzyme is optimally active at 

physiological pH, and that it favors specific substrates.  In this paper, the kinetic properties of 

CAAT are explored, with respect to three different alcohol substrates (p-coumaryl, coniferyl, and 

caffeyl alcohols).  It is evident that the enzyme prefers certain alcohols over others.  Namely, 

kinetic data outlined below suggests that CAAT more readily converts p-coumaryl alcohol than 

any other substrate. It was expected that CAAT would convert coniferyl and p-coumaryl alcohol 

with similar efficiency, however, because both eugenol and chavicol are produced at high levels 

in basil. 

A remarkably similar enzyme has been characterized from petunia.  This enzyme was 

aptly named coniferyl alcohol acyltransferase (PhCFAT) and was also active in producing 

phenylpropenes, particularly isoeugenol (4).  Its similarity to CAAT led to an assumption that its 
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main substrate, coniferyl alcohol, may also be the one that CAAT preferred.  Surprisingly, 

CAAT more readily converts p-coumaryl alcohol than coniferyl alcohol, based on current data. 

The research in this paper was cut short due to a failing enzyme.  Repeated attempts to re-

express said enzyme were unsuccessful.  This paper explains the issues encountered with the 

purification process and the future directions that need to be explored in order to fully understand 

this interesting enzyme, and eventually the entire phenylpropanoid pathway. 
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Methods 

Plasmid cloning was performed in DH5-alpha competent cells.  50µL of cells were 

incubated on ice with 1uL of plasmid DNA from a previously done plasmid ligation in a pH9-

GW vector for 30 minutes.  Heat shock was performed by placing the tubes in a 42°C water bath 

for 45 seconds, immediately followed by placing them back on ice for 2-3 minutes.  80µL of 

liquid LB media was added to each tube, and the cells were incubated at 37°C, in a 250RPM 

shaker for 1 hour.  Cells were then spread onto LB agar plates containing Kanamycin 

(50mg/mL).  Plates were incubated overnight at 37°C, followed by picking colonies to grow in 

25mL of liquid LB media with 50mg/mL Kanamycin.  These cultures were grown for 10 hours 

before DNA isolation.  DNA isolation was performed with a Promega Wizard® Plus SV 

miniprep DNA isolation kit. 

Protein expression in Rosetta-2 cells began by transforming the Rosetta-2 cells using the 

heat shock process mentioned above.  After the 1-hour growth time, the cells were plated on LB 

agar plates containing Kanamycin (50mg/mL) as well as Chloramphenicol (34mg/mL).  Colonies 

picked from these plates were used to start 4-5mL liquid LB cultures (containing Kanamycin).  

These were allowed to grow overnight, before being poured into a 2L Erlenmeyer flask 

containing 600mL liquid LB, with Kanamycin.  These cultures were allowed to grow at 37°C 

until the OD600 reading reached 0.6.  The colonies were then induced with 0.4mM IPTG and 

grown at 18°C overnight. 

Protein Purification was done through sonication and purifying columns.  In order to 

harvest the induced cells, they were centrifuged for 10 minutes at 3000g in a pre-cooled 

centrifuge.  The excess liquid was disposed of, and the cells were frozen at -20°C until the next 

day.  The cells were resuspended and thawed in 8mL of binding buffer (50mM Sodium 
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Phosphate, 300mM NaCl, 10mM Imidazole, pH 8.0).  This mixture was sonicated in the cold 

room three times (30 sec, 50% power, 50% intervals).  The bottle of cells was then centrifuged 

again and the supernatant was removed and used to purify the protein.  The supernatant was 

placed into a column containing 1mL equilibrated column resin.  This mixture was incubated on 

a rocker in the cold room for one hour.  Flow through was discarded and sample was washed 

with increasing concentrations of imidazole in binding buffer.  CAAT was eluted with 250mM 

imidazole in binding buffer.  This mixture was then put through a GE Healthcare PD-10 column 

(Sephadex G-25 M) for de-salting.  2.5mL were placed on the column, and the elution was done 

with 3mL 1x TE buffer (10mM Tris, 1mM EDTA, pH 7.5). 

Bradford assays were used to determine the concentration of protein in each sample.  A 

standard curve was created by adding 5µL of purified BSA (purified from New England Biolabs, 

with diluted concentrations of 0.5, 1, 1.5, and 2mg/mL) to 0.5mL of 1x Bradford Reagent (BIO-

RAD).  The samples were incubated at room temperature for 10 minutes, followed by reading of 

the absorbance at 595nm.  Protein concentration was determined through the same process and 

absorbance readings were compared to the standard curve to determine protein concentration. 

Radiometric assays were performed in order to determine protein activity under varying 

conditions.  Each 50µL assay contained 50mM Bis Tris Propane-HCl Buffer (pH 8.0), 5mg/mL 

BSA, 10µM AcetylCoA (1/3 labelled, 2/3 unlabelled), and 2mM p-coumaryl alcohol.  The 

AcetylCoA (from MP Biomedical) was labeled with carbon-14 on carbon 1 (the carbon on the 

acetyl group).  The protein concentrations were varied from 0.001µg to 1µg per 50µL assay.  

The mixture was incubated at room temperature for 30 minutes before being stopped with 4µL 

6N HCl.  100µL of Ethyl Acetate was added for the extraction.  The mixture was vortexed in a 

microcentrifuge tube for 15 seconds before centrifugation at 13,000RPM for 5 minutes (Baxter 
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Scientific Heraeus Instruments Biofuge 13).  60µL of the organic phase was added to 2.5mL of 

scintillation fluid (ScintiSafe 30%, Fisher Scientific) for counting in the scintillation counter 

(Beckman Coulter LS 6500). 

Radiometric assays for kinetic data were performed using the same procedure as those 

for protein activity, but with different substrate concentrations.  The protein concentration for 

these assays was kept at a constant 0.01µg per 50µL assay.  Concentrations of alcohol substrates 

varied from 50µM to 800µM, while the concentration of AcetylCoA ranged from 0.25µM to 

5µM. 
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Results 

Initial kinetic testing results are displayed in figures 2-8, and tables 1 and 2.  Table 1 

summarizes the kinetic constants that were found from the hyperbolic plots of the assays 

performed in figures 2-4.  Figure 2 displays the kinetic parameters established by CAAT in the 

presence of coniferyl alcohol and excess acetyl CoA.  Similarly, figure 3 shows the kinetic data 

from CAAT being assayed with p-coumaryl alcohol and excess acetyl CoA, where it can be seen 

that the assay was done at concentrations far above the KM of CAAT in the presence of p-

coumaryl alcohol.  Finally figure 4 illustrates the kinetic properties of CAAT when incubated 

with excess acetyl CoA and a limited amount of caffeyl alcohol, although the concentrations of 

caffeyl alcohol were also far above the KM for the enzyme.  The results from these three figures 

are summarized in table 1, which shows that the KM value for coniferyl alcohol is higher than for 

the other two tested substrates.  More importantly the Kcat/KM value (enzyme efficiency) for p-

coumaryl alcohol is surprisingly higher than for the other two substrates. 

In table 2, the results from figures 5-7 are summarized.  We show that the when the 

alcohol substrate is not limiting, CAAT is still selective about the speed at which it acetylates the 

substrate.  It can be seen that the KM value is much higher for the assay performed with caffeyl 

alcohol in excess than for the other two substrates.  It is significant to notice that the Kcat value is 

much higher for both the assays with coniferyl and p-coumaryl alcohol than for that with caffeyl.  

This means that with excess alcohol, CAAT seemingly binds coniferyl alcohol and p-coumaryl 

alcohol tighter as well as converts them faster, when compared to caffeyl alcohol, suggesting that 

caffeyl alcohol is a very poor substrate for CAAT.  This relationship is further explained by the 

Kcat/KM value shown in the table, where the assay with caffeyl alcohol has a much lower 

efficiency than the other two substrate conditions.  
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In figure 8, it can be seen that when the alcohol substrate is in excess, CAAT will still 

preferably convert specific alcohols using its limited availability of acetyl CoA.  The graph 

shows two different scenarios of acetyl CoA assay concentration, though both scenarios were 

graphed according to the available convertible counts in the assay. 

Following these initial kinetic tests, the assays began to fail.  In order to troubleshoot this, 

radiometric activity assays were repeated under varying conditions.  These conditions included 

varying the temperature, pH, and time frame of the assays, but unfortunately none of the varying 

conditions made much of a difference.  The results seemed to suggest no protein activity from 

the lack of difference between background and assay scintillation counts (data not shown).  It 

was decided that the protein needed to be re-expressed and purified in order to continue testing 

its kinetic properties, and verify the above results. 

 In order to express CAAT in E. coli, first the DNA had to be subcloned.  A stock of pH9-

GW containing CAAT was transformed into DH5-alpha cells, and allowed to grow.  After a 

large culture was established, the DNA was isolated and sent to sequencing.  The results showed 

that the vector did contain the CAAT cDNA with 98% identity match to the sequence in our EST 

database (results not shown).  This vector was then transformed into Rosetta-2 competent cells, 

followed by growth and IPTG induction.  After harvesting the cells, the crude lysate was initially 

tested using a radiometric (14C acetylCoA) activity assay.  Crude lysate showed alcohol turnover, 

but the control used also showed close to the same level of turnover.  The crude lysate was then 

desalted through a sephadex G-25 column, and after another activity test it was apparent that 

there was more activity in the lysate with the alcohol substrate than without (results not shown).   

 This gave grounds for a large scale purification process.  Using the same procedure of 

growth and induction, transformed Rosetta-2 cells were collected to for use in purifying the 
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CAAT protein.  The crude lysate was subjected to a His-Tag purification process, followed by 

desalting of the elution fractions.  In table 3, we show that the purification process was 

unsuccessful.  It can be seen that the concentration of protein was reduced significantly through 

the sequence of washes, which is to be expected in purification.  What was not to be expected 

was the severe drop in activity from the crude lysate to the elution fractions.  It is reasonable to 

think that the protein did not bind tightly enough to the column.  The next step was to try the 

purification again, with a pellet of cells that had been reserved. 

 For the second purification attempt, there were fewer washes, and the protein 

concentration as well as the activity of the samples can be seen from table 4.  These samples 

were not yet desalted, so the results that are shown are higher than what the actual activity is.  

However, the 33.58% conversion of the first elution fraction was promising, so the elution 

fractions were desalted and the activity was assayed again.  It can be seen in table 5 that the 

assay of the purified protein after being desalted showed quite low activity (7.22% conversion).  

The amount of protein used in the assay was much higher than previously used for kinetic tests, 

which means that the purification was not very successful. 
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Discussion 

The kinetic tests seem to suggest that CAAT will convert p-coumaryl alcohol and 

coniferyl alcohol at a faster rate than caffeyl alcohol (Kcat values, table 1).  Interestingly it will 

convert p-coumaryl alcohol at a much higher efficiency level than the other two substrates, 

which seem to convert with the same level of efficiency.  The assays that were performed with p-

coumaryl and caffeyl alcohol as the limiting substrates were done at concentrations that were too 

high to accurately estimate the KM of the enzyme.  This can be seen in the hyperbolic plots of 

those assays (figures 2 and 3).  Conversely, the assay done with limited coniferyl alcohol shows 

concentrations of the substrate on either side of the KM, which makes that test a more accurate 

description of the enzyme’s kinetics.   

When the enzyme had a limitless supply of alcohol substrate it can be seen that it prefers 

to convert p-coumaryl alcohol, followed by coniferyl alcohol, and finally caffeyl alcohol (table 

2).  These results suggest that a hydrophilic moiety (hydroxyl group) at the meta position on the 

aromatic ring (as in caffeyl alcohol) may interfere with substrate binding, whereas lack of 

substitution at this position (p-coumaryl alcohol) or more hydrophobic substitution 

(methoxylation in coniferyl alcohol) allows for efficient binding. Regardless, the results 

displayed in figure 8 need additional testing to be confirmed.  In order to verify that CAAT does 

in fact prefer p-coumaryl alcohol as a substrate it needs to be shown that at differing 

concentrations of acetyl-CoA the relative amount of enzyme mediated turnover is consistent.  It 

is obvious in figure 8 that it is not consistent for any of the three substrates tested.  All of the 

kinetic tests need to be redone in order to verify their correctness.  

The assays began failing seemingly due to protein denaturation.  Repeated activity tests 

under varying conditions showed very little to no increase in activity.  The assays were 
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optimized using previously performed experiments as well as data from a prior lab member 

(Barbara Harrison) who established the pH and temperature dependency of the enzyme (shown 

in Supporting Material, figure 10).  The protein sample that was being utilized had been made in 

2006 and was most likely past its prime.  In addition, freezing and thawing inevitably aided in 

the protein’s eventual demise.  This realization led to the need to re-express the protein in order 

to obtain kinetic data. 

The protein expression was successful, based on the initial desalted crude lysate activity 

test, but it seems that the purification is where things went badly.  Otherwise, it could be said that 

there was another enzyme in the bacteria that was performing the function of the acetyl 

transferase.  It is evident from table 3 that the protein did not bind to the column and was easily 

washed off with the increasing levels of imidazole concentration.  The second attempt at 

purification showed that the protein may have not bound to the column again.  It seems that the 

washes were so few that there was not enough time to distinguish between actual CAAT His-Tag 

binding and general non-specific binding of the other proteins and salts in the crude lysate.  It 

was shown to have some activity, but that activity was too low to perform kinetic tests.  It is 

possible that the bacterium was not actually expressing CAAT, or that it wasn’t expressing it 

with the His-Tag.  In either case, purification becomes exponentially more difficult.   

In addition to the above problems, CAAT is an acyltransferase.  By nature, this means 

that it is hydrophobic.  A hydrophobic protein is likely to stick to the bacterial membranes upon 

cell lysis.  This did not seem to present as a problem when the enzyme was expressed previously, 

but it could be that a different buffer needs to be used to resuspend the cell pellet and lyse it. 

The previously performed experiments on this enzyme still need to be reevaluated.  Once 

the protein is re-expressed and purified properly, it will be much easier to establish the various 
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kinetic properties of the enzyme as well as the substrate specificity.  In the future many more 

trials need to be performed in order to make the data on this enzyme publishable.   

Following kinetic and substrate specificity tests, it would be interesting to examine the 

differential expression of CAAT in various ages and locations of the plant.  Tissue collection has 

already begun for this project, which will consist of mRNA analysis and liquid chromatography 

mass spectrometric data collection.  With this, the Gang Lab hopes to show the age and location 

in the plant of phenylpropene as well as flavone synthesis. 

As with any enzyme, it would be beneficial to determine the protein structure through X-

ray crystallography.  This would elucidate the reasons for substrate specificity as well as 

broadening our knowledge of a very important class of enzymes. 
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Table Legends 

Table 1. Kinetic Data for CAAT with the Alcohol as the Limiting Substrate.  The results in this 

table are summarized from figures 2-4.  The kinetic tests were performed radiometrically using 

14C acetyl CoA as one of the two substrates.  In these particular assays, the availability of acetyl 

CoA was not limiting, while the alcohol substrates were kept at low concentrations to analyze 

kinetic properties. 

Table 2. Kinetic Data for CAAT with Acetyl CoA as the Limiting Substrate.  The results in this 

table are summarized from figures 5-7.  Radiometric tests were performed with very low 

concentrations of 14C acetyl CoA, and non-limiting alcohol substrate. 

Table 3. First Attempt at Purification.  This table shows the protein concentration and relative 

activity of the fractions obtained from the attempted purification of CAAT.  The mM amounts 

displayed in the “fraction identity” column refer to the concentration of imidazole in the buffer 

while that wash was being performed.  Protein concentration was determined by Bradford assay, 

and the absorbance observed from those assays is also recorded in this table.  For the relative 

activity, radiometric activity assays using 14C acetyl CoA were performed with 10µL of each 

fraction per assay. 

Table 4. Second Attempt at Purification. Same procedure and labeling as table 3. 

Table 5. Activity of Purification Product.  Radiometric assays were performed on the purified, 

desalted protein, using the crude desalted lysate as a control to make sure that the assay was 

working.  10µL of protein was used in each assay.
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Tables 

 
Table 1. Kinetic Data for CAAT with the Alcohol as the Limiting Substrate 
 
 KM  Vmax   Kcat Kcat/KM 

p-Coumaryl 
Alcohol 

15.88±2.65 µM 12.41±2.31nkat/mg 17.73/s 1.116 

Coniferyl 
Alcohol 

310.4±100.3µM 2.303±0.32nkat/mg 3.29/s 0.011 

Caffeyl Alcohol 
 

109.6±61.4µM 1.235±0.14nkat/mg 1.76/s 0.016 

 
 
 
 
Table 2. Kinetic Data for CAAT with Acetyl CoA as the Limiting Substrate 
 
 KM  Vmax   Kcat Kcat/KM 
p-Coumaryl 
Alcohol in Excess 

1.047±0.25 µM 1.559±0.15nkat/mg 2.23/s 2.130 

Coniferyl Alcohol 
in Excess 

1.220±0.53µM 0.936±0.17nkat/mg 1.34/s 1.098 

Caffeyl Alcohol 
in Excess 

6.216±1.89µM 0.620±0.49nkat/mg 0.89/s 0.143 

 
 
 
 
Table 3. First Attempt at Purification 
 
Fraction Identity Absorbance (595nm) Protein Concentration  

(mg/mL) 
Relative Activity 
(% conversion) 

Crude Lysate 0.6312 1.4242 22.15 
Flow through 0.7539 1.7010 9.23 
Wash – 50mM (1) 0.0489 0.1103 --- 
Wash – 50mM (2) 0.0715 0.1613 0.12 
Wash – 50mM (3) 0.0269 0.0607 --- 
Wash – 50mM (4) 0.0090 0.0203 --- 
Wash – 100mM (1) 0.0218 0.0492 --- 
Wash – 100mM (2) 0.0010 0.0023 0.00 
Elution (1) – 250mM 0 0 0.53 
Elution (2) – 250mM 0 0 --- 
Elution (3) – 500mM 0 0 --- 
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Table 4. Second Attempt at Purification 
 
Fraction Identity Absorbance (595nm) Protein Concentration  

(mg/mL) 
Relative Activity 
(% conversion) 

Flow Through 0.6381 1.4398 47.25 
Wash – 20mM (1) 0.5175 1.1676 45.90 
Wash – 20mM (2) 0.2201 0.4966 40.79 
Elution (1) – 250mM 0.1729 0.3901 33.58 
Elution (2) – 250mM 0.1210 0.2730 5.06 
Elution (3) – 250mM 0.0000 0.0000 1.48 
 
 
 
 
Table 5. Activity of Purification Product 
 
Fraction Identity Relative Activity (% conversion) 
CAAT purified, de-salted 7.22 
Crude lysate, de-salted 21.42 
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Figure Legends 

Figure 1. The Phenylpropanoid Pathway of sweet basil (Ocimum basilicum).  The reactions 

where CAAT is involved are highlighted by the enzyme name being in bold and in red. 

 

Figure 2. Coniferyl Alcohol Kinetics.  Substrate concentration is measured in µM, while the 

speed v (y-axis) is measured in nkat/mg of protein (same for figures 3-7).  The hyperbolic plot 

was created using the freeware program Hyper32.  The same program was used to create figures 

3-7.  In this assay, the second substrate for CAAT (acetyl-CoA) was in excess.  KM and vmax are 

displayed in table 1. 

 

Figure 3. p-Coumaryl Alcohol Kinetics.  Same procedure as figure 2.  p-Coumaryl alcohol in 

specific concentrations was used to analyze the kinetic properties of the enzyme in relation to 

one of its two natural substrates.  KM and vmax are displayed in table 1. 

 

Figure 4. Caffeyl Alcohol Kinetics. Same procedure as figure 2.  Caffeyl alcohol in specific 

concentrations was used to analyze the kinetic properties of the enzyme in relation to one of its 

two natural substrates.  KM and vmax are displayed in table 1. 

 

Figure 5. Coniferyl Alcohol in Excess.  Using one substrate (confieryl alcohol) in excess, and 

very specific, low concentrations of radiolabelled acetyl-CoA, this graph shows the kinetic 

hyperbolic curve that is created with relation to limits of acetyl-CoA.  KM and vmax are displayed 

in table 2. 
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Figure 6. p-Coumaryl Alcohol in Excess.  Same procedure as for figure 5.  KM and vmax are 

displayed in table 2. 

 

Figure 7. Caffeyl Alcohol in Excess.  Same procedure as for figure 5.  KM and vmax are displayed 

in table 2. 

 

Figure 8. Differences in percent turnover by CAAT in relation to substrate identity.  For this 

graph, kinetic data from previous figures was analyzed by average percent of radioactive count 

conversion.  These particular kinetic tests were done with the alcohol substrates in excess and 

very specific, low concentrations of acetyl-CoA.  The percent of conversion calculation was 

done by taking into account the maximum available amount of radiolabelled acetyl CoA in each 

assay. 
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Figures 
 
Figure 1. The Phenylpropanoid Pathway 

 
 

Key to Enzyme Acronyms: 
  
PAL = phenylalanine ammonia lyase 
C4H = cinnamate 4-hydroxylase 
4CL = 4-coumarate:CoA ligase 
C3H = p-coumarate 3-hydroxylase 
CST = p-coumaroyl shikimate transferase 
CPLT = p-coumaroyl hydroxyphenyllactate 

transferase 
CS3’H = p-coumaroyl 5-O-shikimate 3’-

hydroxylase 
CCOMT = caffeoyl-CoA O-

methyltransferase 
CCR = cinnamoyl-CoA reductase 
CAD = cinnamyl alcohol dehydrogenase 

CAAT = coniferyl alcohol acetyl transferase 
EGS =eugenol (and chavicol) synthase 
EOMT = eugenol O-methyltransferase 
CVOMT = chavicol O-methyltransferase 
CACMT = cinnamic acid 

carboxylmethyltransferase 
CHS = chalcone synthase 
CHI = chalcone isomerase 
FLS = flavone synthase; FOMTs = flavone O-

methyltransferases 
CS3’H = p-coumaroyl 4-hydroxyphenyllactate 

3’hydroxylase 
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Figure 2. Coniferyl Alcohol Kinetics 
 

 
Figure 3. p-Coumaryl Alcohol Kinetics 
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Figure 4. Caffeyl Alcohol Kinetics 
 

 
Figure 5. Coniferyl Alcohol in Excess 
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Figure 6. p-Coumaryl Alcohol in Excess 
 

 
Figure 7. Caffeyl Alcohol in Excess 
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Figure 8. 
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Supporting Materials 
 
Figure 9. Bradford Assay Standard Curve.  Standard curve was created using standard 
concentrations of BSA in 0.5mL of 1x Bradford Reagent.  The absorbance was measured at 
595nm after a 10 minute assay incubation at room temperature. 
 

  
 
Figure 10. pH and Temperature Dependence for CAAT.  Through kinetic assays using a tritium 
labeled acetyl CoA stubstrate, Barbara Harrison (a previous lab member from Gang Lab) 
obtained the following data.  
  

 
 


