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Progress Report 

Introduction 

During the past year, we were able to partially separate by sucrose is-' 
gradient sedimentation in high salt, 1.0 M KC1 the two photolyase subunits 
that we had observed on SDS gradient slab gel polyaerylamide electrophoresis (1). 
Yet upon examination of the fractions from the sucrose gradient for photolyase 
activity, only one peak was observed, corresponding to that already reported 
by Cook and Worthy (2). We noted that the activity fell in the overlap region 
between the partially separated subunits and surmised that during the assay 
reconstltutlon occurred. This was confirmed when the peak fraction containing 
the subunits was assayed separately and after mixing. In the former case the 
activity remained constant, while in the latter, there was a time dependent 
increase supporting the suggestion of subunit interaction. This work is ' 
described in the appended reprint. 

The spectrum of purified photolyase was devoid of the absorption maximum 
in the 360 to 380 nm region described earlier by Minato and Werbin (3). There 
was residual declining absorption in this region, yet, the excitation and 
fluorescence emission spectra were essentially unchanged (4). Hence, the 
enigma of whether the fluorescent material Is the chromophore for photolyase 
or an impurity remains. 

Further work with the enzyme Is being carried on by an M.S. student, 
Young-Moo Kim, who Is probing the enzyme for tryptophane and lysine residues 
to determine whether these are involved in the binding and photolytlc steps 
(section 3 below). / 

During the past year, an activator of photolyase was obtained in what 
appears to be a homogeneous form. Surprisingly, the activator did not contain 
lysine as we reported in last year's Progress Report. Details of this work 
are described In the appended manuscript. An nmr spectrum of the activator 
has been obtained by Dr. A. Lamola of Bell Telephone Laboratories. The 
spectrum is simple and not inconsistent with that expected for a pterin. 

In our renewal proposal, we are requesting funds to study the damage to L. 
pea chromatin by solar near UV and whether the damage is repaired, and we 
describe in section 4 a preliminary experiment to detect photolyase activity 
in pea seedlings and its inactivatlon in situ by near UV. 

1. Appended Reprint: "Yeast DNA Photolyase: Molecular Weight. Subunit 
Structure, and Reconstltutlon of Active Enzyme from Its Subunits." 

2. Appended manuscript: "Purification from Baker's Yeast of An Activator of 
DNA Photolyase." 
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3. Search for Tryptophan Residues in Yeast DNA Photolyase 

Introduction 

Helgnfe's group (6,7) have shown by fluorescence quenching and nmr 
spectroscopy that the tripeptide lysine-tryptophan-lysine specifically binds 
to dimer regions of irradiated DNA. The stacking of its indole ring with the 
bases is favored in single-strand regions of DNA opposite the dimer. The 
lysines bind to phosphates by electrostatic interaction. Irradiation with 
tryptophan absorbing wavelengths splits the dlmer by photosensltlzation. It 
seemed of Interest to modify photolyase with reagents known to attack trypto-
phan and to determine whether the enzyme activity is impaired. After our 
work was initiated, we learned that photolyase from Ej_ coli and the orchard 
seedling do not contain tryptophan residues (8). 

a. N-Bromosuccinimide Probe 

N-Bromosuccinimlde Is known to oxidize tryptophan in several 
proteins, e.g., lysozyme, trypsin and chymotrypsln (9). 

Photolyase prepared by affinity chromatography was diluted 1 to 500 
in 0.05 M Tris buffer containing 1 mM EDTA (pH 7.0) and N-bromosucclnimlde 
(NBS) was diluted in the same buffer to the desired concentration. Then 
75 of enzyme solution was mixed with 50 of NBS solution and held 10 
mln at 0°C. Now 25 of either buffer or buffer containing 12 oM mercapto-
ethanol was added. This mixture was added to 150 of a solution containing 
0.156 mg of H. influenzae transforming DNA and incubated in the dark (yellow 
light) for 5 minutes. The mixture was illuminated for 5 mln at 37°C 
with black light and 0.2 cc was used in the transformation assay. The concen-
tration of N-bromosuccinlmlde was determined by semlcarbazide titration (10) . 

The data in Table I show that 4 x 10"^ M N-bromosucclnlmide completely 
inactivated photolyase. However, from the data in Table II it is evident that 
tryptophan residues were not modified because the inactivation was completely 
reversible (Table II). In this respect the data with N-bromosuccinlmide 
resemble those with ferricyanlde which reversibly inactivates photolyase (3). 
N-Bromosuccimide at pH 7.0 appears to be oxidizing an essential SH group on 
the enzyme. 

b. H202 Probe 

Hydrogen peroxide at pH 8.1 - 9.4 is known to oxidize tryptophan 
residues in lysozyme, proteinases, and zymogens (11). In the presence of 
0.6 mM peroxide lysozyme lost 85 percent of its activity,and trypsin,35 
percent of its activity in 7.5 mM peroxide. Rather, surprisingly, Table IV 
shows that this Inactivation is completely reversible with 24 mM mercapto-
ethanol. 

In the case of N-bromosuccinlmide and hydrogen peroxide, if tryptophan 
is modified, then it is a residue not essential for photoreactlvation. 
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4. Photolyase in Pea Seedlings 

In the Progress Report there is spelled out our projected studies with 
pea seedlings. We sought to determine in a preliminary way whether photolyaae 
was present in pea seedlings as it is in the pinto bean (12). Since Tyrrell (13) 
has shown that photolyase in vitro is inactivated by black light, the following 
experiment was performed. Two batches of pea seeds, variety Alaska, were grown 
in the dark for seven days in moist non-absorbent cotton. Then one batch of 
seedlings was irradiated for one hour with black light. After homogenlzation, 
cell-free extracts of the irradiated and non-irradiated seedlings were prepared 
and assayed by transformation for photolyase. Activity was observed only in 
the case of the irradiated seedling. While this experiment needs to be repeated, 
there is a precedent for the results in the work of Kelner (14) who Induced 
photolyase in Euglena with photoreactivatlng wavelengths. 

In the same experiment we detected photolyase in cell-free extracts of 
carrots (15), but this experiment needs to be repeated with appropriate 
carotene controls. ' 

5. Nuclear Magnetic Resonance Spectra of Purified Activator. 

The preparation of purified activator III is described in the appended 
manuscript. A sample was run by Dr. A. A. Lamola at Bell Telephone Labs on 
a Brucker 360 MHz spectrometer, using a Fourier Transform mode. Two 
hundred scans were taken. Ten micrograms of the .sample were dissolved in 
1.0 ml-of D2Q (pD 7.0) and 1/3 ml was run (Figure la). Figure lb shows a 
spectrum of the same sample after the pD was raised to 9.0 with Na,C0«. 

The data show few protons. The aromatic proton at 8.35 ppm at pD 7.0 
splits into a doublet 8.30 and 8.21 ppm at pD 9.0. There is a loss of 
intensity indicative of loss or exchange of a proton. At 1.52 ppm there is 
a CH or CH2 resonance. All other resonances are weak and may be due to 
impurities. These data are insufficient to pinpoint structure. We plan to 
run a mass spectrum on the purified activator as an aid in further identifi-
cation. 

6. Publications since Last Progress Report 

"Purification of an Inhibitor of DNA Photolyase with Fluorescent 
Spectra Similar to Those of the Enzyme." 
Madden, J. J. and Werbin, H. Biochem. Biophys. Acta 383, 160 (1975). 

"Yeast DNA Photolyase: Molecular Weight Subunit STructure and 
Reconstitutlon of Active Enzyme from Ita Subunits." 
Boatwrlght, D. T., Madden, J. J., Denson, J. and Werbin, H. 
Biochem. 14, 5418 (1975). 
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TABLE I. Inactivation of Photolyaae with M-Bromosuccinlmide (NBS) at pH 7.0 and 0°C. 

Concentration of NBS Activity 2 Activity 
Molar (Units) Remaining 

100 
49 

2 

0 

The concentrations of NBS used did not effect transformation activity, even though the 

NBS and DNA were incubated under blacklight. There was no difference in the results 

at 20°C or 0°C, or between a 10 and 30 minute incubation of enzyme and the reagent. A 

10 minute incubation was routinely used. 

2 x 10 - 6 

4 x 10 - 6 

1 x 10 -5 

19,100 

9,511 

272 

0 

00 



TABLE II, Mercaptoethanol Reverses N-Bromosuccinlmlde (5 x 10 ' M) 

Inactivation of Photolyase at pH 7.0. 

Incubation Conditions Activity Remaining 
10 mln at O'C % 

Enzyme alone 100 

Enzyme + 12 nM mercaptoethanol 123 

Enzyme + NBS 8 

Enzyme + NBS, then add mercaptoethanol 
to 12 mM and Incubate 10 more mln at 0°C. 99 



TABLE III. Inactivation of Photolyase with Hydrogen Peroxide 

H.O. Concentration Activity Activity Remaining 
(Units) % 

16,000 100 
7.5 x 10"3 14,400 90 

7.5 x 10~2 13,800 86 

7.5 x 10"1 12,700 79 

7.5 9,400 58 

7.5 x 101 0 0 



TABLE IV. Mercaptoethanol Reverses H^O^ Inactivation of Fhotolyase 

Experimental Conditions Activity Remaining 
% 

Enzyme alone 100 

Enzyme + 7.5 nm H ^ 59 

Enzyme + 7.5 mM t h e n a d d 9 5 

mercaptoethanol to 24 mM and 
incubate at 0°C. 

This experiment was carried out at pH 7.8. 


