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Kinetic Characterization of CHY4 and CHY5

in the Catabolism of Valine in Arabidopsis thaliana

Katherine C. Hoener ‘15 and Dr. Kerry Rouhier
Kenyon College Department of Chemistry
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Introduction Results

Valine is an essential branched chain amino acid that is used as an energy source during times of

plant growth and extended periods of darkness when normal energy sources are not available.! CHYS5S

The degradation of valine yields propionyl-CoA, which may be further metabolized through

respiration. Unlike other organisms, in which valine degradation takes place exclusively in the

mitochondria, plants possess enzymes involved in valine degradation in both the mitochondria 1 - *

and peroxisomes.? This study specifically investigates the enzymes that catalyze the conversion of 17
B-hydroxyisobutyryl-CoA to B-hydroxyisobutyrate in an irreversible process. In the plant species A. 8: 0.9 1
thaliana, there are eight isoforms of the hydrolase enzymes that are believed to catalyze this 9 0'7 ] 0.8 -
reaction. Deemed CHY1-8, CHY1-3 have peroxisomal targeting sequences while CHY4-6 have ] 0:6 ] 0.7 - ¢
mitochondrial leader sequences, and all are part of a larger enzyme family that encompass many 205 - $ 06 - &
A & 7 o ¢
unctions. £ 0.4 p
€03 - 205 - ¢
To date, only one peroxisomal hydrolase, CHY1, has been classified as a HIBYL-CoA hydrolase.? In 0.2 1 % 0.4 -
order to confirm that valine degradation does in fact take place in the mitochondria, it is essential O'é | B = - . o 03 -
to classify each necessary enzyme with mitochondrial targeting sequences for the entire pathway. - | | - | - | - | - | - | - | - | 02 -
While previously none of the mitochondrial CHY enzymes have been classified, the present study \/,(P \,(,0?. \,(,0 \,(9 \,(P \,(,0 \,(P \,(9 \,(9 '
investigates CHY4 and CHY5, both mitochondrial enzymes. Additionally, CHY4 was chosen for QgS\ -\o@\ \,}Cs?\ o’c\{\\ (glé‘ ?}e}\\ &\\*\\ -\o@\ \,}@F\ 0.1 -
study as it is essential for plant germination. It is thought that in the absence of CHY4, a build up Q) Q@Q _\§\° § v N ® Q@Q \950 0 | | | | | | |
of the toxic intermediate methacryly-CoA proves fatal to the cell. &o‘\f\ \\b‘o @\&0 0 10 20 30 40 50 60 70
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With previous work done by Scott Waters ("14) and Haley Dugan ('14) focused on expressing and _ - o . . . _
purifying the CHY4 and CHY5 hydrolases, the present study seeks to classify CHY4 and CHY5 to Figure 2. Substrate speuﬂgty of CHY.5 (1.57 ug) at 37°Cin 0.2 M Tris-HCI pH 8, Figure 3. CHY5 temperature assay |n.0.2 \Y Tr|s-.HCI pH.8, 1 mM DTNB buffer (1.57 ug
determine if they are specific for this step in the valine degradation pathway, as HIBYL-CoA 1 mM DTNB buffer. CHY5 is most active with the HIBYL-CoA substrate. CHY5, 0.14 mM S-HIBYL-CoA). CHY5 is most active at higher temperatures.
hydrolases, or if they also function in other pathways in the plant, such as the conversion of
propionyl-CoA to acetyl-CoA. 0.04 - 1 - K
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Figure 1. Standard curve of Absorbance vs. concentration of CoA ranging Figure 4. Mlchaells-Men‘:cer? plot of ra’Fe vs. concentration of substrate r.angmg Figure 5. CHY5 pH assay in 0.2M Acetate-Mes-Tris-Glycine, 1 mM DTNB
from 0.67-140 uM at 37°Ciin 0.2 M Tris-HCI pH 8, 1 mM DTNB buffer with 1.57 buffer at 37°C (1.57 ug CHY5, 0.14 mM S-HIBYL-CoA). CHY5 is most active at pH 8.

from 0.46-15 uM at 37°Cin 0.2 M Tris-HCl pH 8, 1 mM DTNB (y=-11.9x+8.8).
ug CHY5 (K.:9.5+/- 0.8 uM, V__ :3.60x1072 +/- 7x103 uM/s).

max*
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Conclusions

75 - 0.035 -
\ 1/ %é e CHYS5 exhibited specificity for the HIBYL-CoA substrate and similar kinetic behavior to CHY1,
2 - 0.03 1 X O strongly suggesting that it is in fact a HIBYL-CoA hydrolase that functions optimally at pH 8.
% 0025 o e CHY 4 displayed higher activity with isobutyryl-CoA, propionyl-CoA and acetyl-CoA, suggesting
f, 1.5 7 — ' % that this enzyme may have broader substrate specificity than other HIBYL-CoA hydrolases.
E . E 0.02 ¢ e Future work will re-investigate enzyme dependence on temperature with a modified assay
E = procedure to overcome limitations of the current assay.
0c % 0.015 1
o =
0 0.01 -
0005 References and Acknowledgements
c)\%{b 0 | | | | 1. Harper, A., Miller, R., Block, K. “Branched Chain Amino Acid Metabolism.” Annu Rev Nutr, 4
N 0 200 400 600 800 (1984): 409-454.
&\:«\‘\ @;«\‘\ Substrate [HIBYL-CoA] (uM) 2. Lucas, R,, Flllfey, J.., Erb, J., Graybill, E.., Hawes, J. "Perixisomal Metabolism of Propionic Acid
and Isobutyric Acid in Plants." J. Boil. Chem. 282.34 (2007): 24980-9.
Figure 6. Substrate specificity of CHY4 (3.2 ug) at 37°Cin 0.2 M Tris-HCI Figure 7. Michaelis Michaelis-Menten plot of rate vs. concentration of 3. Zolman BK, Monroe-Augustus M, Thompson B, Hawes JW, Krukenberg
pH 8, 1 mM DTNB buffer. CHY4 is most active with isobutyryl-CoA. substrate ranging from 13.4-696 uM at 37°Cin 0.2 M Tris-HCl pH 8, 1 mM KA, Matsuda SPT, Bartel B. “CHY1, an Arabidopsis mutant with impaired b- oxidation, is

DTNB buffer with 1.57 ug CHY4 (K : 9.5+ 0.8 uM, V_,.: 3.21x102 + 6x10* defective in a peroxisomal b-hydroxyisobutyryl-CoA hydrolase.” J Biol Chem (2001): 31037-
uM/s). 31046.

Many thanks to Dr. Rouhier for her advise and guidance throughout the summer. | would also like
to thank the Kenyon College Summer Science program for their generous funding.



	Digital Kenyon: Research, Scholarship, and Creative Exchange
	Summer 2014

	Kinetic Characterization of CHY4 and CHY5 in the Catabolism of Valine in Arabidopsis thaliana
	Katherine C. Hoener
	Recommended Citation


	Slide Number 1

