
This document only includes an excerpt of the 
corresponding thesis or dissertation. To request a 
digital scan of the full textJ please contact the Ruth 
Lilly Medical LibraryJs Interlibrary Loan Department 
(rlmlill@iu.edu). 



REGULATION OF 3-HYDROXY-3-METHYLGLUTARYL COENZYME A 

REDUCTASE BY REVERSIBLE PHOSPHORYLATION 

by 

THOMAS S. INGEBRITSEN 

Submitted to the Faculty of the Graduate School in partial 

fulfillment of the requiranent for the Degree of Doctor of 

Philosophy in the Department of Biochemistry, Indiana 

University School of Medicine, June 1979. 



Acceptance of this dissertation has been approved by: 

Dr. D. M. Gibson 

Dr. R. T. Blickenstaff 

Dr • J . C. Crown 

Dr. R. A. Harris 

:P~ m~ {;ce,~ 

( ;;;;2t :7 {i?,,t:dws1~tf 
~-L'>-v 



SUPERVISORY COMMITTEE 

Dr. David M. Gibson Biochenistry ( Chainnan) 

Dr. Robert T. Blickenstaff Biochenistry 

Dr. J. Conrad Crown Mathena tics 

Dr. Robert A. Harris Bi ochan is try 



-i-

TABLE OF CONTENTS 

ABSTRACT 

I. INTRODUCTIONS. . . . . • • . • • . . . • . • • • • . . • . . • . . . . • . . . . • . • . • . • . . . • . • 1 

II. METHODS AND MATERIALS 

1. Animals . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 10 
2. Buffers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 1 O 
3. HMG-CoA reductase assay •••••.••.•••.••••.••.••.•••••••••• 11 
4. HMG-CoA reductase kinase assay ••••••••••.•••••••••••••••• 12 
5. Phosphorylase phosphatase assay.......................... 13 
6. HMG-CoA reductase phosphatase assay •••••••••••••.•••••••• 13 
7. Reductase kinase phosphatase assay ••.••.••.•..••••••••••• 15 
8. Reductase kinase kinase assay •••••••••..••••••••••••••••• 16 
9. Histone kinase assay ....................................• 17 

10. Purification of phosphorylase phosphatase •••••••••••••••. 18 
11. Purification of the heat stable protein 

kinase inhibitor protein •••••••••••••••.•••.••••••••••• 19 
12. Subcellular fractionation of reductase kinase •••••••••••• 20 
13. Subcellular fractionation of reductase kinase kinase ••••• 20 
14. Chromatography of reductase kinase and reductase 

kinase kinase on DEAE-cellulose •••••.•.••.••••••••••••• 21 
15. Protein assays.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
16. fv1aterials................................................ 22 

III. RESULTS 

1. Inactivation of microsomal HMG-CoA reductase.~......... 24 
2. Reactivation of HMG-CoA reductase b.................... 27 
3. Copurification of phosphorylase phosphatase and 

reductase phosphatase.................................. 30 
4. Effect of inhibitors on phosphorylase phosphatase 

and reductase phosphatase activities................. 38 
5. Inactivation of microsomal reductase by added 

red.uctase kinase. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
6. Subcellular distribution of reductase kinase........... 47 
7. Evidence that reductase kinase is cyclic nucleotide 

independent.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
8. Inactivation of microsomal reductase kinase............ 56 
9. Inactivation of soluble reductase kinase by 

phosphorylase phosphatase............................ 63 
10. Copurification of phosphorylase phosphatase and 

reductase kinase phosphatase......................... 69 
11. Effect of phosphatase inhibitors on reductase kinase 

phosphatase and phosphorylase phosphatase............ 69 
12. Reactivation of reductase kinase b..................... 75 
13. Subcellular distribution of reductase kinase 

kinase. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
14. Properties of reductase kinase kinase.................. 82 
15. Interconversion of reductase kinase between 

active and inactive forms............................ 84 



-ii-

IV. DISCUSSION 

1. Properties of inactive reductase....................... 88 
2. The reductase activating system ••••••••••.••••••••••• ~. 89 
3. Direct evidence for phosphorylation of reductase .•••••••• 91 
4. Properites of reductase kinase......................... 93 
5. Modulation of reductase kinase......................... 97 
6. Regulation of the bicyclic system...................... 101 

V. REFERENCES. • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 107 



ABSTRACT 

Rat liver microsomal HMG-CoA reductase is inactivated in a time 

dependent manner by incubation with ATP and Mg+2 • Incubation of the 

inactive reductase with purified rat liver phosphorylase phosphatase 

fully restored reductase activity. During purification of the 

phosphatase, the reductase activating activity and the phosphorylase 

phosphatase activity copurified quite closely. Both activities were 

inhibited in a parallel fashion by sodium flouride and by the 

spontaneously active heat stable phosphatase inhibitor protein. These 

studies show that a phosphorylation-dephosphorylation event is 

associated with interconversion of the reduct8se. 

The reductase inactivating enzyme (reductase kinase) was 

extracted from the microsomes by repeatedly washing the manbranes with 

neutral buffer. After concentration by ultrafiltration, this extract 

was used as a source of soluble reductase kinase. The washed micro­

sanes were used to assay the soluble kinase. Both microsanal and 

soluble reductase kinase were inactivated in a time dependent fashion 

by incubation at 37°. Inactivation of the kinase was inhibited by 

both flouride and phosphate. Incubation with purified phosphorylase 

phosphatase greatly enhanced the rate of inactivation of the soluble 

kinase. 

Reductase kinase activity was restored by a second incubation in 

low ionic strength buffer in the presence of ATP and Mg+2• Reactiva­

tion did not take place in the high ionic strength buffer routinely 

used to assay reductase and reductase kinase activities. The rate of 

reactivation of the kinase was not enhanced by cAMP. The rate of 



activation of the reductase kinase was markedly enhanced by the 

particulate glycogen-protein complex in a dose dependent fashion. The 

reductase kinase activating enzyme (reductase kinase kinase) was also 

found in the cytosol. The cytosolic enzyme was bound to a phospho­

cellulose colunn and was then eluted with .75M sodium chloride. 

These data are consistent with a model in which both HMG-CoA 

reductase and reductase kinase are regulated by reversible phos­

phorylation. The active form of the reductase is dephosphorylated 

while that of the reductase kinase is phosphorylated. Reductase 

kinase is activated by a cAMP-independent protein kinase which is 

present in the soluble reductase kinase preparation, in the cytosol 

and in the particulate glycogen-protein complex. Both the reductase 

and the reductase kinase are dephosphorylated by phosphorylase 

phosphatase. 


