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Enzyme in Glycolysis and Gluconeogenesis

Many published biochemical experiments (Rose, Chirgwin,
on 1o o Noltmann, O’ Conner and others) including solvent exchange,
O\OH OH OH —'-— oH == labeling, pH profiles (with pKa 6.75 and 9.3), inhibitor studies, etc.
Acid/Base catalysis with proton transfer
o ” o Labeling studies suggest: Arg, Glu, Lys, His in active site
o’ " o o’g o oripo ""' o Strict specificity for G6P and F6P
cyclic open chain cis-enediol(ate) open chain cycllc
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Detailed Catalytic Mechanism
X-ray Crystal Structure



Target cell

-

Target
cell with
more
motility

(Watanabe, H. et al. (1996) Cancer Research 56:2960-

2963 ;Watanabe, H, etal. (1991) J. Biol. Chem. 266: 13442-

13448)
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Tumor-secreted cytokine
Cell migration in vitro
Same sequence as PGl!

AMF and PGI cause cell
motility (not hexokinase,
phosphofructokinase, or
phosphoglycerate mutase)

AMF has isomerase activity
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= Secreted by T cells
immature
& &=l = Survival of embryonic neurons

= Pre-B cells to mature into Ab secreting cells
= Same sequence as PGI!
= CDNA-transfected COS cells secrete neuroleukin

(Gurney, M_.E. et al. (1986) Science 234: 566-574;
Gurney, M.W._ et al. (1986) Sci 234: 574- 581)

= Wanted to eradicate leukemia cells

= Purified from T cell culture media

= Differentiation of some human leukemia cells
= Same sequence as PGl!

= PGl also causes dosage-dependent
differentiation

= Has PGI enzymatic activity

(Xu, W. et al. (1996) Blood 87:4502-4506)
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Cytosolic Extracellular
Enzyme Growth Factor
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RNA Splice Variants
Gene Fusions
Promiscuous Enzymes
Family of Isoforms or Paralogues

Proteins with pleiotropic effects on
multiple pathways

Moonlighting Proteins
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One protein with multiple functions
NOT due to:
= RNA splice variants
= Gene fusions
= Family of Isoforms or Homologues
= Promiscuous enzyme activity
= Pleiotropic effects




Several crystallins in the lens of the eye are catalytically active ubiquitous
enzymes. The delta2 crystallin found in the lens of the eye in ducks is the same
enzyme as arginosuccinate lyase in the urea cycle.

(different protein adopted for this role in different species)



Aconitase is the IRE binding Protein

Cytosolic aconitase NN pon IRE-IRP1 cocrystal :
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Binds RNA
To regulate translation

Picture from T. A. Rouault, Science (2006) 314:1886.
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= PGI=NL, AMF, DMM

= aconitase = IRE binding protein (binds RNA)
= Thymidylate synthase (enzyme) = RNA binding protein

= E. coli putA (enzyme)= DNA binding transcriptional repressor

= carbinolamine dehydratase = dimerization cofactor DCoH

= Crystallins = argininosuccinate lyase, lactate dehydrogenase, alpha-enolase, etc.
= Anil RNA maturase = homing endonuclease
= DegP (HtrA) protease/chaperone

>200 proteins so far, wide variety of functions
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Join a multiprotein

Outside the cell Protein with

. complex
enzyme function
/ in cytosol \

Interact with

h: another protein

Different cell type )
Bind small molecule: substrate,

product, cofactor, or other ligand



s Feedback mechanism in a biochemical - «—> | @ ®

pathway to regulate enzyme synthesis .f\ @ @
(biosynthetic enzymes that regulate gene @ _&;
expression)

= Switch between biochemical pathways ! ! =
(some chaperones are also proteases) l\r\ . l\r\ e

= Evolution uses whatever is available
(glycolytic enzymes/ 3 billion years,
crystallins /evolution of eye, etc.)



Recruitment
(i.e. some crystallins, work of J.
Piatigorsky and L. Howell labs)

Evolution of an additional binding
site on the protein surface

(i.e. I-Anil maturase/

homing endonuclease, structure by
B. Stoddard lab)
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Single Subunit

N-terminus &

Mammal Bacteria
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= Variety of examples
= Multiple ways to switch functions
= Potential benefits to organism

= Methods of evolving 2nd function could have
happened to many proteins
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An increasing number and variety of proteins are being found to
moonlight

The modern cell is complex but organized. Moonlighting proteins
can provide one way to coordinate cellular activities, provide a
feedback mechanism, and switch between pathways.
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