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The Lighter Side of 8-Hydroxy-5-Deazaflavin Coenzymes
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Yamazaki 2t at , PNAS 1985
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A. Streptomycetes : Chiortetracyciine Siosynthesis
=» Sa,ila-denydrochiortetracyctine + Fa2gr2
Chiortetracycling + F4zq
8. Streotomycetes : Photoreversion of Cyclobutane -
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Chbligate Redox Cafactor :n the Last Step of Chiorsetracyciine iosynrhesis
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2.

3.

4.

Fold Puritfication Reqguired

Anacystis DNA Photoiyase

o Homogeneity

Fold Cloning/Overpopulation

70,300X Waish; Yasui
Streptomycetes DNA Phototyasa 20.000X
Methanobacterial ONA Photolyase 6,000X
Eco Photolyase 15 molecules/ceil 3ancars

= need o cione gene, Jver produce snzyme

To Study the Fi2 (deazaf!avin)-contaming NA Photoiyases

tor Catalyst Structure and Function

Purit; a ‘race amount of photolyase {e.3- 20,000 foid ‘rom Anacystis
niduians) and determine N-terminal ssguenca.

Maks sompiementary oligonuclectide, clone ‘rom a genomic DNA
library, cetermine DNA sequence.

Express gene and overgsroduca enzyme ‘n a usabie heterologous nost
(e.g. Anacystic gene in Streptomyces lividans).

Purify to homogeneity (heparin-sepharose, T OT-ONA-callutose) and

sharacterize. 0
AM. Sker (Holland); A. Yasui (Japan); 320 = =
J. Piret (Boston); A. Kiener, C. 'Waish (Boston) acrogram protein per assay
g of ONA y In St
Genemug library 3t Anscysus swvemesemal ONA ia 3UC3 Assay
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Assay sensitivily: nanograms DNA photolyase actlvity, suitable for

E. coli DNA Phctolyase

MW -30,000
Catalytic turnover number: 2.4 min-!
Substrate: T O T-containing DNA, minimal size a 4 mer

Amax for actlon spectrum: 380nM
Quantum yieid: 0.5 — 1.0

Discrimination ratlo: 106/1

Expression of Anacystis DNA Photolyase gene in
Streptomyces lividans

S. ‘ividans haooring :he clonec jene
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v

S. iividans 2285

paR 322 : Amp?

detection of low levels of enzyme in crude extracts




A)

Absorption

Assay for Photolyase activity
Transformation assay:
Based on ransformation efficiency of UV irradited
plasmict DNA ca: rying antibiotic resistance gene.
(number of tet’ clones per ug plasmid DNA)

0.5 ug pBR322 in 5C ul butfer
add celf extract
Muminate (éark control)
‘ransform Z.ocif CISR 303 (recA, phi*)

score for tet’ clones

Sansitivity: 1 ng enzyme in crude extract

Optical spectra of methanogen DNA photolyase
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Purification ot Ub. thermoautotrophicum

DNA Photoiyase
Fraction Velume Prettin  Numowr of Towml Yaid  Pusdiagtion
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.-!-.' R '(!!!? B
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T ~f ANa 3! <a
o Based on amax of photoreversion 1ciion specirum
o 3ased on sofactor content
Iype ° Tyga 2
E. cot, veast cyanogacteria, streptomycetes,
green aiga. methancbactena
Amax ‘or photorepair: 380 aM armax ‘or photorepair: 430 nM
wofagear =opean:: oosasear cantent:

{a) one 5,10-CH —tetranyargfolate (a) sne 3-hyaroxy-S-deazafiavin

(Amax = 380 nM} (Amax = 420 nM)
(b) one FADH2 () ane FADH2
{A. Sancar, G. Sarzar) (A. Zker, A. Yasui, C. ‘Naish)

Note FADHg is in autoxicizacie dihyara axication state, leuko ‘orm, uniikety ‘0
Se light harvesting chromophcre

Anacystis nidulans DNA Photolyase Protein sequence

Anacyst.
RB.coli
Yeast
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Some Mechanistic Questions

What ‘satures of ToT-containing ONA substrate are reccgnized?

What ;s
at is mechanism of ONA photolyase (photosensitized cleavage?)

and What are the roles of the bound cofactors?

Nature of Interaction ot DNA Photolyase with TOT-containing ONA

specific lor ¢ys-syn TOT, does not repair trans-syn ToT

recognizes the Yent ar inked shaps of TOT adducts
(ca 290 hend / dimer)

footprinting (by ONAss) of Rhotolyase - TOT DNA complexes
= -ibp recagnition site

Light Harvesting Chromophares in DNA Photolyases

Type 1 (380 AM)

[
H, N h h N-5,iq - matheny 1
2 Y\l ' \lﬁ ? Hy ateryitrigiutamate
HN : N—ﬂO— C-glu=giu-glu
N = qlu=glu-gly
5 Y
Tyge 2 (430 M)
oo Ayt gu-g

g
—?—CH
NN N\,’N\fo
Qc’j\(""

qy O

Hypothesis - a major binding daterminant dravided By the gligogiutammyl
side chain

F 420 triglutcmate

Chservafion (A.Vasui, Tohoku, Japan)
express 'ype 2 ;ene (Anscysus nidulans) in type 1 host (E.coll)
find the A ONA i

Y now has a 380 nM actien spectrum
= replacement 5t F o cofactor (nat made in E.coll) Dy folate cotactor
to recanstitute an active ONA photolyase

. Absorpdoa of visible light by bound cofactor (Pleriq or
deazatlavin) acting 1s 3 light harvesting, shotosensitizing
pigment.

3. Eaeryy Transier From Excited Sute of Chromophore 0 FADH2

3.  Reaction of FADH2" a3 one cleczon Tansier agent, directly of
via 3 uyptophanyl side chaia, 0 yield FADHe and Thymine
Dimer radical anion

i Tleavage of Pyrimidioe dimer radical inioa to T, Te and FADHe,
foilowed by radical recombinatioa o T.T. FADH17-enz.

—_—




Mechanistic Proposal for 7320- and FACH2-Containing DNA '
Phatolyase

a) Light absorption
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a)

Some Divergent Thoughts on Redox Coenzyme Evolution

F420 (5-deazaflavins) as precursor to NAD and flavins
§
"0 ! N‘Fo tricyclic {nicotinamide in flavin's clothing ?)
1,
Faz0 NI NH H® transfer in ground state
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Q
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monocyctic  ( H® transter) tricyclic {central pyrazine
= 2¢%1e? redox switch)

b) 7120 as an sarty light 1arvesiing system (DNA photolyase). Repiaced by
5,10-CH -Folate H, iater in evolution,
Shromooncreg ‘or INA ohotolyase (oligogiutamyl species)
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