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Evidences for Malonyl-AMP Formation as a Reaction Intermediate

Sang Won Kang, Sung Yu Hong, Hyung Don Ryoo, Gyung Ihm Rhyu\ and Yu Sam Kim*

Department of Biochemistry, College of Science, Yonsei University, Seoul 120-749 
^National Industrial Technology Institute, Kwacheon 427-010

Received January 12, 1994

The catalytic mechanism of malonyl-CoA synthetase from Rhizobium trifolii was investigated by the steady state kinetics 
and intermediate identification. Initial velocity studies and the product inhibition studies with AMP and PPi strongly 
suggested ordered Bi Uni Uni Bi Ping-Pong Ter Ter system as the most probable steady state kinetic mechanism 
of malonyl-CoA synthetase. Michaelis constants were 0.17± 0.04 卩M, 0.24± 0.18 卩M and 0.045± 0.026 卩M for ATP, 
malonate and CoA, respectively. The TLC analysis of the ^P-labelled products in reaction mixture containing Ey-32P] 
ATP in the absence of CoA showed that PPi was produced after the sequential addition of ATP and malonate. Forma­
tion of malonyl-AMP, suggested as an intermediate in the kinetically deduced mechanism, was confirmed by the 
analysis of 31P-NMR spectra of AMP product isolated from the 18O transfer experiment using [18O]malonate. Two 
resonances were observed, corresponding to AMP labelled with zero and one atom of 18O, indicating that one atom 
of 18O transferred from E18O]malonate to AMP through the formation of malonyl-AMP. Formation of malonyl-AMP 
was also confirmed through the TLC analysis of reaction mixture containing [a-32P]ATP. These results strongly support 
the ordered Bi Uni Uni Bi Ping-Pong Ter Ter mechanism deduced from the initial velocity and product inhibition 
studies.

Introduction

Malonyl-CoA synthetase, which catalyzes the formation of 
malonyl-CoA directly from malonate and CoA with the 
hydrolysis of ATP into AMP and PPi, has been purified and 
characterized from Rhizobium trifolii \ This enzyme is 63,000 
Da monomeric and it shows a high substrate specificity for 
malonate, ATP, and CoA. Pyridoxal-S^phosphate, 2,3-butane- 
dione, diethylpyrocarbonate, and N-bromosuccinimide severe­
ly inhibit the enzyme, indicating that essential amine, guan- 
idino, imidazole, and indole groups are involved in cataly­
sis2-4.

Malonyl-CoA synthetase and malonamidases as malonate- 
specific enzymes were discovered in Rhizobial species1,5,6. 
Bradyrhizobium japonicum contain all the malonate-specific 
enzymes and R. meliloti contain only one type of malonami- 
dase, whereas R. trifolii contain only malonyl-CoA synthetase. 
Therefore, it is important to define the enzymatic propert­
ies and the physiological role of R. trifolii malonyl-CoA syn­
thetase. Recently malonyl-CoA synthetase has been proposed 
to play a role for the nitrogen flow in symbiosis1.

Central to the understanding of any enzyme is the knowle­
dge of the kinetic mechanism. Since malonyl-CoA synthetase 
catalyzes a reaction involving three substrates and three pro­
ducts (Ter Ter reaction), many different catalytic routes can 
be considered. We report here the results of a kinetic inves­
tigation of malonyl-CoA synthetase from R. trifolii and the 
evidences for the formation of malonyl-AMP: enzyme com­
plex during the catalysis.

Experimentals

Materials. ATP, Sodium malonate, CoA, AMP, Dowex 
1-X8, Inorganic pyrophosphatase (39 units/m/), polyethylene­
imine (PEI)-cellulose plates, Hepes were purchased from 

Sigma Chem. Co.: H218O (97 atom% enri사led) from Aldrich 
Chem. Co.: La-32P]ATP (—3000 Ci/mmol) and Ly-32P]ATP 
(—3000 Ci/mmol) from Amersham International.

Preparation of malonyl-CoA synthetase. Malonyl- 
CoA synthetase from Rhizobium trifolii ATCC 14479 grown 
on glucose as a carbon source was prepared by the method 
reported previously1. Analysis of the purified enzyme by sod­
ium dodesyl sulfate-polyacrylamide gel electrophoresis rev­
ealed that the enzyme was essentially homogeneous.

Malonyl-CoA synthetase assay. There are four dif­
ferent assay methods for the determination of malonyl-CoA 
synthetase activity7. Among them the malonohydroxamate 
assay was used for the preparatioin of the enzyme and 18O 
transfer experiment, while the direct spectrophotometric as­
say, based on the measurement of the increase in absorbance 
at 232 nm resulting from the formation of a thioester bond 
of malonyl-CoA (£232—4.5X103 M」】cm1), was routinely 
used for kinetic experiments. The standard reaction mixture 
for direct spectrophotometric assay contained the following 
components in a final volume of 0.5 m/; 100 mM potassium 
phosphate buffer, pH 7.1; 2 mM sodium malonate; 5 mM 
MgCL; 0.1 mM ATP; 0.1 mM CoA, and the enzyme. Reactions 
were initiated with malonyl-CoA synthetase, and initial rates 
were obtained from the linear portion of the progress curve. 
All kinetic measurements were made in cuvettes of 1 cm 
path length with a Shimazu UV-260 recording spectrometer 
equipped with a thermo-stated cell compartment. Constant 
temperature (30t) was maintained in the cell compartment 
using a circulating water system.

Initial velocity experiments. Because three substrat­
es are involved in the malonyl-CoA synthetase reaction, in­
itial velocity experiments were carried out for the overall 
reaction in which the concentration of one substrate was 
varied in the presence of different levels of a second subst­
rate, while the concentration of the third substrate was held 
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constant at non-saturating concentrations8. Under all condi­
tions, the enzyme concentration ensuring linear relationships 
between incubation time and rates of reaction was chosen. 
We observed substrate inhibition over 0.6 mM for malonate, 
0.3 mM for ATP, and 0.06 mM for CoA. However, 난)e work­
ing concentrations of substrates were below their inhibition 
concentrations. The data reported here were all carried out 
in duplicate. The concentration of MgCl2 was 5 mM through­
out. Because the ATP concentrations utilized in the exper­
iments never exceeded 0.3 mM, we have made the simplify­
ing assumption that this concentration of MgCL is sufficiently 
high that kinetic effects of Mg2* need not be considered.

Kinetic data analysis. The kinetic data were analyzed 
graphically by constructing double reciprocal plots of initial 
velocities and substrate concentrations, followed by replots 
of slopes and intercepts against the reciprocal concentrations 
of changing fixed substrate in the initial velocity studies, 
or against the inhibitor concentration in the product inhibi­
tion studies; All plots and their replots were linear. Kinetic 
data were fitted to the appropriate initial velocity equation 
with the FORTRAN programs of Cleland to obtain the desir­
ed kinetic parameters9. Data from the initial velocity measu­
rements were fitted to Eqs. (1) and (2).

히 = VAB/(KK+K°B+K0 +AB) (1)

# = (2)

Where V is the maximum velocity; A and B are the concent­
rations of substrates A and B; Ka, Kb are Km constants for 
the substrates A and B, respectively; Kia is dissociation cons­
tant for the reaction of A with free enzyme. Because our 
measurements were made at a single constant value of the 
fixed substrate, the reported kinetic parameters are apparent 
values rather than true values.

Preparation of [18O] malonic acid. [l8O] Malonate 
was synthesized by the reaction of malonyl dichloride with 
H218O. H2I8O (0.5 g) and malonyl dichloride (1.3 m/) were 
mixed in a round bottom flask (molar ratio 2 :1). After one 
minute, malonic acid remained as a solid product. It was 
dissolved in 20 ml ethylacetate and decolorized with Norit. 
20 m/ benzene was added and the mixture was kept at —20 
t for 12 h. [18O] Malonic acid was cry마allized and dried 
under reduced pressure, [18O] Malonic acid was methylated 
with ethereal diazomethane and analyzed by GC/MS to be 
[l8O] malonic acid containing 50% [18O1

18O Transfer experiment. Reaction mixture contained 
100 mM potassium phosphate buffer, pH 7.1, 5 mM MgCl2, 
4 mM [18O] malonate, 10 mM ATP, 0.5 mM CoA, 200 mM 
neutralized NH2OH, and 0.06 units of malonyl-CoA synthet­
ase in a total volume of 0.5 mZ. Reaction was initiated with the 
enzyme and the mixture was incubated for 1 h at 37°C. The 
reaction mixture was filtered, using a Centricon-30 ultrafilt­
ration apparatus (Amicon Co.) to remove the protein, and 
the filtrate was loaded onto a Dowex 1-X8 column (3X2.5 
cm). The adenine nucleotides were eluted with a 300 ml 
linear gradient of formic acid (0-5 M). AMP was eluted and 
its identity confirmed by TLC on PEI-ceDulose plate with 
0.7 M sodium phosphate buffer, pH 3.5, as a develping solv­
ent. AMP fractions were pooled, lyophilized, and then dissol­
ved in 10 mZ of distilled water. The pH of the AMP solution 
was adjusted with diluted NaOH to about pH 8.5 and again 
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lyophilized. The lyophilized AMP was dissolved in 1.3 ml 
of 20 mM Hepes buffer, pH 8.8, containing 1 mM EDTA 
and 20% D2O. The solution of commercial AMP (11 mM) 
was prepared in the same condition as above and was used 
as a standard. The 31P-NMR measurements of standard and 
sample AMP were performed as described below.

NMR measurements. The 31P-NMR spectra (121.47 
MHz) were obtained in the Fourier-transform mode with 
a Varian Gemini-300 7.05T spectrometer. NMR measureme­
nts were made at 25± It with a sample volume of 0.8 ml 
contained in a 5 mm tube. A total of 246 transients were 
accumulated using pulses of 45° (the 90° pulse was 16 ps) 
and an acquisition time of 3.0 s. A sensitivity enhancement 
exponential function gave a line broadening of 0.1 Hz. The 
chemical shifts are reported relative to 85% H3PO4 as an 
external reference.

Results and Discussion

Initial velocity studies. Evaluation of the kinetic me­
chanism and, in particular, the kinetic parameters of an en­
zyme-catalyzed reaction can often be best approached through 
the initial velocity studies. Double-reciprocal plots of the ini­
tial velocity data allow the differentiation of the kinetic me­
chanism; ping-pong mechanisms result in one or more paral­
lel lines in double-reciprocal plots, whereas sequential me­
chanisms exhibit non-parallel lines. The results of an experi­
ment, in which malonate and ATP concentrations were var­
ied at different fixed concentrations of CoA, are presented 
in double-reciprocal form in Figure 1A and IB, respectively. 
In both cases, the lines are parallel. This behaviour is char­
acteristic of the ping-pong mechanism in which one or two 
products are released before the introduction of a final sub­
strate. It also indicates that CoA is the final substrate intro­
duced10. When the initial velocity data of Figure 1A and IB 
were plotted with malonate and ATP as the variable sub­
strates, respectively, both sets of results again yielded fami­
lies of parallel lines, suggesting that the malonate-CoA pair 
and ATP-CoA pair interaction in the malonyl-CoA synthe- 
tase-catalyzed reaction is a ping-pong mechanism. The data 
fitted well to Eq. (2) and the apparent values for the kinetic 
constants were summarized in Table 1. There are three clas­
ses of ping-pong Ter Ter mechanisms; Bi Uni Uni Bi ping- 
pong Ter Ter mechanism, Bi Bi Uni Uni ping-pong Ter Ter 
mechanism, and Hexa Uni ping-pong mechanism. The effects 
of ATP and malonate concentration changes on the initial 
rates (at constant non-saturating concentration of CoA) are 
depicted in Figure 1C. The lines are intersecting, indicating 
the sequential addition of ATP and malonate (or malonate 
and ATP) prior to product release. The data fitted well to 
Eq. (1) and the kinetic parameters are reported in Table
1. From these results, Hexa Uni ping-pong Ter Ter mecha­
nism could be ruled out. In the same experiment as in Fig­
ure 1, but with the concentration of CoA, ATP, or malonate 
each raised 4-fold (a near-saturating concentration), again 
the same patterns of double-reciprocal plots emerge. Thus, 
the same patterns of the double-reciprocal plots at constant 
saturating and non-saturating concentration of each substrate 
(ATP, malonate, and CoA) surest that there is no random 
sequence in malonyl-CoA synthetase-catalyzed reaction.

Taken together, the initial velocity data cited above can
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Table 1. Kinetic Constants for Malonyl-CoA Synthetase

Figure 1. Initial velocity patterns on malonyl-CoA synthetase 
reaction. The reactions were initiated with 3X10-3 unit of puri­
fied malonyl-CoA synthetase. (A) Plots of 1/v versus l/[Malo- 
nate] at various levels of CoA, and at a constant concentration 
of ATP (100 pM). CoA concentrations were 10 pM (■), 12.5 
卩M (□), 25 |1M (▲). (B) Plots of 1/v versus 1/EATP] at various 
levels of CoA, and at a constant concentration of malonate (0.2 
gM). CoA concentrations were 8(■), 12.5 pM (□), 16 pM 
(▲1 25 pM (*). (C) Double-reciprocal plots of the initial velocity 
versus malonate concentration at several concentrations of ATP, 
and a fixed concentration of CoA (25 |1M). ATP concentrations 
were 50 卩M (■), 60 卩M (□), 100 卩M (a).

be fitted to the rate equation for Bi Uni Uni Bi or Bi Bi 
Uni Uni ping-pong Ter Ter mechanism. In the ab옹eice of 
product, the initial velocity equation for the two mechanism 
is the same (Eq. 3).

= 而 C+K0B+砲C+&BC+ABC) (3)

aVlue obtained by fitting the data to Eq. (1). A Value obtained 
by fitting the data to Eq. (2).

Kinetic constant App value (mM)

Kt ATP 0.11 ±0.02。

Katp 0.037± 0.0098
0.31 ±0.0#

Kgjlonate 0.1 ± 0.02°
0.38 ±0.18’

XcoA 0.045± 0.025ft
0.045± 0.00伊

Where V is the maximum velocity; A, B, and C are the 
concentrations of the three substrates; K& K& Kc are K„ con­
stants for the substrates A, B, and C, respectively; K& is the 
dissociation constant for the reaction of A with free enzyme. 
The rate equation given in Eq. (3) may be rearranged accord­
ing to which one of the substrates is fixed to yield Eqs. 
(4)-(6).

Varying B and C at a constant level of A:
v = VBCRKuKQA +KB +KbC +KBC/A +BC) (4)

Varying A and C at a constant level of B:
v = VAC/(K，KQ/B+KA +&4C/B+KC+4C) (5)

Varying A and B at a constant level of C: 
v=VAC/(KiaKb-^K<AB/C+KbA +K3+AB) (6)

The initial velocity data obtained above were well fitted to 
these equations (Eqs. 4-6).

Product inhibition studies. Although the initial v시oc- 
ity data give a good deal of information for the kinetic me­
chanism of malonyl-CoA synthetase reaction, our initial ve­
locity data should be supplemented with experiments involv­
ing product inhibitors in order to differentiate between Bi 
Uni Uni Bi and Bi Bi Uni Uni ping-pong Ter Ter mechan­
isms, and to determine the most likely pathway of substrate 
addition to the enzyme. The most commonly used method 
involves holding two substrates at non-saturating concentra­
tions, while varying the third substrate and inhibitor concen­
trations. The initial velocity data are then plotted in double­
reciprocal form, and the inhibition patterns can be used to 
limit the possible kinetic pathways.

AMP was found to act as an uncompetitive inhibitor of 
CoA in the malonyl CoA synthetase reaction (Figure 2A). 
Competitive inhibition was also observed with respect to 
ATP (Figure 2B). Taken along with the results from the 
initial velocity experiments, these inhibition patterns indicate 
that AMP is the R product (final released product) and that 
substrate A (the first substrate to bind) is ATP and substrate 
B is malonate10. Therefore, Bi Bi Uni Uni ping-pong Ter 
Ter mechanism is ruled out and Bi Uni Uni Bi mechanism 
is left as the mo야 reasonable kinetic pathway in malonyl- 
CoA synthetase reaction. Bi Uni Uni Bi ping-pong Ter Ter 
mechanism for malonyl-CoA synthetase reaction was further 
supported by product inhibition with PPi. PPi behaved as 
a mixed-type inhibitor with respect to malonate (Figure 2C). 
In the presence of the product, new terms are present in the 
denominator of the velocity equation (Eq. 7-9).
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Figure 2. Product inhibition patterns on malonyl-CoA synthease 
reaction. (A) Double-reciprocal plots of the initial velocity versus 
the CoA concentration at various concentrations of AMP. Malo- 
nate and ATP concentrations were fixed at 0.2 mM and 0.1 mM, 
respective” AMP concentrations were 100 60 卩M(口),

and 40 jiM (▲); indicates the initial velocities in the absence 
of inhibitor. (B) Double-reciprocal plots of the initial velocity ver­
sus the ATP concentration at various concentrations of AMP. 
Malonate and CoA concentration at various concentrations of 
AMP. Malonate and CoA concentrations were fixed at 0.2 卩M 
and 16 gM, respectively. AMP concentrations were 100 卩M (■), 
60 |iM (O), and 40 卩M (▲); *indicates the initi끼 velocities in 
the absence of inhibitor. (C) Double-reciprocal plots of the initial 
velocity versus the malonate concentration at various concentra­
tions of PPi. ATP and CoA concentrations were 0.1 mM and 
16 pM, respectively. PPi concentrations were 100 pM (■), 60 
pM (□), and 20 pM (▲); *is the initial velocity data obtained 
in the absence of inhibitor.

BA

1 234 56789 123456789
Figure 3. Autoradio흥ram of TLC analysis of the partial reaction 
products using [y-32p]ATP. The basic reaction mixtures contain­
ed 0.1 M potassium phosphate (pH 7.1) buffer, 5 mM MgCl2, 
0.2 pmol [y-32P]ATP, and 5X10-3 unit of malonyl-CoA synthet­
ase (4.1 pmol) in a total volume of 25 pZ. Rections were initiated 
with the addition of enzyme. The mixture was quickly mixed 
with a vortex mixer and incubated at 37t：. The aliquots of 1 
卩/ were taken at the indicated time and spotted onto a PEI-cellu- 
lose plate. 0.7 M Sodium phosphate (pH 3.5) buffer was used 
as a developing solvent. (Panel A) without malonate. (Panel B) 
added malonate to a final concentration of 0.2 mM. Lane 1, con­
trol (with boiled enzyme); lane 2, 1 min; lane 3, 3 min; lane 
4, 5 min; lane 5, 7 min; lane 6, 9 min; lane 7, 12 min; lane 
8, 15 min; lane 9, 20 min. The position of ATP was identified 
using unlabeled ATP, while the position of Pi and PPi were 
deduced from the result of pyrophosphatase treatment.

When C is varied in the presence of R
v = VC/[K+C(1 노 KJA +Kb/B +K湛JAB

+KsKbR/K“AB+KqR/KAH (7)

When A is varied in the presence of R

+Kg?/KKB)+A(l+K，/B+KJC)] (8)

When B is varied in the presence of R
v = VB/[.Kb(l +K以4)(1 +KbKcP/KKQ)

+B( +K&/A *KJC +K//KQ] (9)

The product inhibition data obtained above were well fit­
ted to the appropriate rate equations (Eqs. 7-9). The apparent 
values for the inhibition constants obtained from the secon­
dary replots were: AMP has a K value of 53.4± 10.0 pM 
with respect to CoA and of 35.4士 12.1 卩M with respect to 
ATP; PPi has a K. value of 125 + 11 jiM with respect to 
malonate.

Identification of PH as the first product. Since the 
kinetic analysis shown above suggested that PPi was the 
first product to be released, the formation of PPi was moni­
tored using [y-32P]ATP in the partial reaction mixture con­
taining no CoA. As shown in Figure 3, PPi was formed after 
the sequential addition of ATP and malonate. In order to 
determine the order of ATP and malonate introduced, the 
isolated of enzyme-ATP (or enzyme-malonate) complex from 
the partial reaction mixture containing only ATP (or malo­
nate) as a substrate was attempted by gel filtration. But the 
attempts failed, indicating that ATP or malonate alone may 
not form a stable complex with the enzyme.
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Figure 4. 3lP-NMR spectrum of the AMP pmdu거 of the 180 
transfer experiment (Panel A) AMP product. The relative inte­
grals of the peaks are 0.96 and 1.00 (Panel B) Standard AMP.

The evidences for the formation of malonyl-AMP. 
From the initial velocity and the product inhibition studies, 
the formation of malonyl-AMP, an intermediate in the Bi 
Uni Uni Bi ping-pong mechanism, was suggested. The forma­
tion of the intermediate was confirmed by 18O transfer from 
[18O] malonate to AMP. 18O-labeled malonate (50% 18O) was 
supplied as a substrate together with ATP and CoA in the 
malonyl-CoA synthetase-catalyzed reaction. The reaction was 
carried out to 99% completion by the elimination of malonyl- 
CoA as malonohydroxamate in the presence of NH20H. AMP, 
one of the products, was isolated from the reaction mixture 
by using Dowex 1-X8 anion exchanger. The l8O content in 
the AMP was monitored by 31P-NMR. As shown in Figure 
4A, two resonances were observed corresponding to AMP 
labelled with zero and one atom of 18O. When unlabelled 
AMP (used as standard) was added to the sample, the down­
field resonance increased in intensity, indicating that this 
peak was indeed unlabelled AMP (data not shown). The se­
paration between the two resonances was 0.024 ppm, consis­
tent with the chemical shift per 18O reported by Cohn and 
Hu11. The resonance integrals were almost identical (Figure 
4A), indicating that 50% of AMP product was labelled with 
one atom of 18O. These results clearly show that malonyl- 
AMP was formed during the malonyl-CoA synthetase reac­
tion.

The formation of malonyl-AMP was also confirmed by TLC 
analysis of a reaction mixture containing the enzyme, malonate, 
and [a-^lATP, which revealed the presence of a novel nu­
cleotide derivative that was neither AMP, ADP, or ATP. Sin­
ce the malonyl-AMP: enzyme complex may be very unstable 
in the presence of Mg", such as in the case of aminoacyl- 
tRNA synthetase12-14, we expected that the intensity of the 
AMP spot would increase with time. However, as shown in 
Figure 5A, the intensity in the AMP position showed only 
a temperature increase, concomitant with the appearance of

Figure 5. Autoradiogram of TLC analysis of reaction products 
using Ea-^JATP. The basic reaction mixtures contained 0.1 M 
potassium phosphate (pH 7.1) buffer, 5 gM MgCl2, 0.2 pmol [a- 
32P]ATP, other components in the indicated amount, and 7.5 X10 
~3 unit of malonyl-CoA synthetase (6 pmol) in a total volume 
of 25 pZ. All other conditions are as described in the legend 
of Figure 3. (Panel A) Lane 1, control (with boiled enzyme); 
lane 24, 1 min, 4 min, and 8 min in reaction with only [a-32?] 
ATP as a substrate, respectively; lane 5-7, 1 min, 4 min, and 
8 min after subsequent addition of malonate to final concentra­
tion of 2 mM, respectively. (Pan이 B) The explanation for each 
lanes are the same as descried in panel A except for the addi­
tion of 2 mM succinate in place of malonate. (Panel C) The 
basic reaction mixtures were first incubated for 8 min at 37t. 
Malonate (final concentration, 2 pM) and inhibitor (in the indica­
ted concentration) mixed previously were added and the mixtu­
res were quickly mixed with a vortex mixer. The incubation was 
continued for 8 min at 3/t. Laie 1, control (with boiled enzyme); 
lane 2t only malonate without inhibitor; lane 3-6, 0.1 jiM, 1 卩M, 
10 卩M, and 100 卩M AMP respectively; lane 7-9, 0.2 mM, 2 mM, 
and 20 mM succinate respectively. (Panel D) The basic reaction 
mixtures contained [a-32P]ATP and malonate (final concentration 
of 1 mM) as substrates. After 4 min, aliquots of 10 ml were 
taken and mixed with CoA (final concentration of 0.5 mM). The 
mixture containing CoA was separately incubated and aliquots 
of 1 p/ were spotted onto a PEI-cellulose plate at the indicated 
time. Lane 1, control (with boiled enzyme); lane 2-5, 1 min, 4 
min, 8 min, and 12 min from the reaction mixture in the absence 
of CoA, respectively; lane 6-7, 4 min and 8 min after the addition 
of CoA, respectively. The positions of each nuleotides were iden­
tified using unlabelled ATP, ADP, and AMP. The arrow indicates 
the novel nucleotide derivative, defined as malonyl-AMP.

a new spot. The intensity of the new spot, corr은sponding 
to a novel nucleotide derivative, gradually increased with 
the addition of malonate. However, this spot did not appear 
with the addition of succinate in place of malonate, indicating 
that the novel nucleotide derivative was formed from malon­
ate and [a-32P]ATP (Figure 5B). The transient formation 
of AMP in the presence of malonate can be explained by 
the formation of a i•이atively 옹table transition・st가e trigonal 
bipyramid complex of malonate and ATP. The formation of 
the novel nucleotide derivative was inhibited by AMP and 
succinate (Figure 5C). Also, the novel nucleotide derivative 
disappeared gradually with the addition of CoA, concomitant 
with the production of AMP (Figure 5D). Combined results 
of the experiments using La-32P]ATP 시early indicate that 
the novel nucleotide derivative is malonyl-AMP.

Proposed mechanism of malonyl-CoA synthetase 
catalysis. The results from initial velocity and product 
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inhibition studies de용cribed above support the Bi Uni Uni 
Bi ping-pong Ter Ter system for malonyl-CoA synthetase 
reaction. However, it is neceassary to eliminate the possibil­
ity of other terreactant ping-pong system, the Theorell-Chan- 
ce system or the terreactant ping-pong system with rapid 
equilibrium segment. First, the possibility of Theorell-Chance 
type case (Bi Uni Uni Bi ping-pong Ter Ter, Theorell-Chance 
B-P) can be eliminated by looking at the result of product 
inhibition in which PPi is a mixed-type inhibitor with respect 
to malonate at unsaturating ATP and CoA concentrations 
(Figure 2C). Secondly, in the Bi Uni Uni Bi ping-pong Ter 
Ter system in which the first substrate binds in either direc­
tion and the respective complexes that are formed are at 
equilibrium, the intial velocity equation in the absence of 
products and the product inhibition patterns is changed dif­
ferently from the full steady state system.

When A is varied:
하 =VA/(KuKJB+AQ*KJB+KJC)) (10)

Compared to the equivalent velocity equation for the full 
steady-state system, KaAB term is missing in Eq. (10). Then 
slope 1/A versus 1/B replots go through the origin. Secon­
dary replot using the slopes of lines obtained when initial 
velocity data of Figure 1C were plotted with ATP as variable 
substrate eliminates the possibility of this system.

As a consequence, we propose that R. trifolii malonyl-CoA 
synthetase catalyzes the reaction in the manner of an order­
ed Bi Uni Uni Bi ping-pong Ter Ter mechanism as follows:

ATP Mai PPi CoA Mal-CoA AMP
I I I ! t t

- --------------------------------------------------------------------------------
E:ATP E:ATP:Mai E:Mal-AMP E:AMP

E:Mal-AMP:CoA

PPi CoA
I !

Bull. Korean Chem. Soc. 1994 卩况 15, No. 5 399

Where Mai, Mal-AMP, and Mal-CoA represent malonate, ma- 
lonyl-AMP, and malonyl-CoA, respectively.

This catalytic mechanism is further supported by the isola­
tion of first product, PPi, and by the identification of the 
key intermediate, malonyl-AMP.
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Molecular Conformation and Non-Newtonian Viscosity 
Behavior of Poly(L-proline) in Various Solvent Systems
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The non-Newtonian viscosities (the specific or intrinsic viscosities) of poly (L-proline) (PLP, M= 19,000 and 32,000) 
in various mixed-solvent systems like water-propanol and acetic acid-propanol of varying compositions were measured 
during the reverse mutarotation (Form II->Form I) by the application of external pressure (up to 4.5 psi). The non­
Newtonian viscosity effe안 was found to be larger in acetic acid-propanol system than in water-propanol system and 
to somewhat decrease during the reverse mutarotation at a given solvent system. The non-Newtonian viscosity behavior 
of PLP in aqueous salt (CaCl2) s시ution was also studied, from which it was found that the degree of the non-Newtonian 
effect decreased with increasing salt concentration, and increased with increasing PLP molecular weight. These findings 
could be explained in terms of conformational changes of PLP in solution (like 버e helix-helix or h이ixYoil transition) 
involved.

Introduction ting biopolymers in that not。미y it posesse용 a stable helical
structure, despite the lack of the amino proton group, owing 

Poly(L-proline) (PLP) is known as one of the most interes- to the steric effect of the pyrrolidine rings but it can form


