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Thiyl radicals (RS are important intermediates during biological A CAHC-H B CHIC,H
conditions of oxidative stresdn addition, several enzymes utilize 2-propanol 2-propanol |
thiyl radicals as reactive intermediates, for example, the ribonucle- CH f—
otide reductaselHere, thiyl radicals selectively abstract H-atoms 2-propanol C,H
from the C3 position of ribonucleotides as a primary step in the (Scaled x 5) 2-propanal

. . . . Scaled x 5
enzymatic synthesis of deoxyribonucleotides. Generally, H-transfer SarcA A (Scaledx®

reactions between thiyl radicals ane(hydroxy/alkoxy)-substituted (Scaled x )
C—H bonds (reaction 1) are reversitsié;in this case, however,
the irreversible elimination of water from the C@dical drives

the reaction.

R,CHR+ RS — R,C'R + RSH (1) ooee _ o1cs , orie
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Radiation chemlcal studies have yleldgd= 1_03 10 M~"s Figure 1. NMR spectra of N-saturated BO solutions of 19 mM
for the H-abstraction from several small aliphatic model compounds 5 ropanol, 5.5 mM CyaSD, and 14 mM AAPH at pD 3 after 44 h of

for carbohydrates (alcohols and ethéfsJ hese rate constants are  reaction at 37C. Solution A contains 2.5 mM SarcA; solution B does not

small as compared to those for the reverse reackon= 10— have any SarcA.

10 '\./rl 52 Recently, we have optimizeq an NMR met_hod to Scheme 1. Potential Reactions of CyaS*
obtain absolute rate constants for the thiyl radical-mediated H- CyaSSCya
abstraction from carbohydrates, which are in the range 68]1x @] cyase
1M 1sl7 *) @

Usually, the C-H bond dissociation energies (BDEs)@f(hy- +P°CH, - CyaSH , _H(CH;),CHOD, - CyaSH .
droxy/alkoxy)-substituted €H bonds are on the order of 370 e ‘:};;C'I‘):‘;é;,;gg Cyas —(CH,),CDOD, + CyaSD (CHy,C*0D
390 kJ/mokP In contrast, th&C—H bonds of model peptides show 3) -4)
lower BDEs (<370 kJ/mol)?19suggesting an even higher reactivity CyaS-
toward thiyl radicals than the €H bonds of carbohydrates. For [CyaSSCya]*-
the ribonucleotide reductases, that could imply that the selectivity
of the cysteine thiyl radical toward the Ggoup of ribonucleotides A fraction of CyaS will dimerize via reaction 2 or reversibly

is controlled by conformational and dynamic rather than thermo- associate with the thiolate CyaSreaction 3)}” The remaining
chemical parameters. Numerous proteins are regulated by cysteine€CyaS radicals are available for reactions 4 and 5. In reaction 4,
oxidation!! Processes generating protein-bound thiyl radicals may CyaS abstracts the H-atom at C-2 from 2-propanol, yielding the
trigger reactions wittfC—H bonds of nearby amino acids. The 2-hydroxy-2-propanyl radical and CyaSKY " = 4.0 x 10* M1
determination of absolute rate constants with #@e-H bonds of s 119, which spontaneously undergoes H/D exchange. The 2-hy-
amino acids, preferably in peptides, is key to the discussion of the droxy-2-propyl radical can react again with CyaSD to yield 2-D-
reactivity and selectivity of thiyl radicals with protein components. 2-propanol k-4 ca. 1.5x 10’ M~ s based orky/kp ~ 5>7:19.
These values can then be correlated with calculated BDEs to answeiThus, equilibrium 4 exchanges H for D at the C-2 of 2-propanol in
the question of whether these reactions are thermodynamicallya chain process, resulting in the loss of NMR intensity ef-8
controlled and whether and to what extent other parameters, forand coupling of G—H with the methyl protons of C-1 and C-3

example, conformational or polar effeés14 play additional roles. (Figure 1). The length of the chain depends on the competition
In this paper, we have adapted our NMR method for measurementsbetween equilibrium 4 and all termination reactions and increases
with small sample volume and substrate concentrations. with the 2-propanol concentration. Conversion of 2-propanol only
Rate constants were determined through competition kinetics attook place in the presence of CyaSD, consistent with other reports
37 °C in Ny-saturated RO, pD 3—-3.6, containing (+2) x 1072 on thiyl radical catalyzed isomerizations of organic alcohols and
M 2,2-azobis-(2-methyl-propionamidine)-dihydrochloride (AAPH), etherst2-14 Reactions of carbon-centered radicals witicPH are
(4—6) x 1073 M cysteamine {D3N-CH,CH,-SD; CyaSD), (5 negligible k ~ 12 M1 s7120),
20) x 1073 M 2-propanol*®> and (0.6-290) x 103 M amino acid/ The addition of a peptide, ®8—H, to our system causes a
peptide. We didnot use cysteine as a source for thiyl radicals concentration-dependent decrease of the conversion of 2-propanol
because it contains a reacti¥*€—H bond itself. At 37°C, AAPH to 2-D-2-propanol because of the competition between reactions 4
yields carbon-centered radicals,*Rat a rate of d[R*]/dt = 1.36 and 5. In a first approximation, reaction 5 is irreversible on the
x 1078 [AAPH], 16 which will exclusively react with CyaSD to yield  basis of the significant difference in the BDEs of8/S—D and
CyaS (Scheme 1}. PC—H. We confirmed this by NMR for the direct reaction of thiyl

2042 = J. AM. CHEM. SOC. 2003, 125, 2042—2043 10.1021/ja0293599 CCC: $25.00 © 2003 American Chemical Society
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6 5 Table 1. Rate Constants for CyaS* Reactions with Peptides at
37°C
] 81 ks per BDE of
5 . o ke “C-Hbond,  “C-H,
s )]\ _ model peptide Ks/ks? 104 M-ts1b 10*M-1s? kJ/mol©
T arcA HoC N
04K 4 SarcA = ,[, éH SarcA 10+ 2 404+ g 10
o \ - T 2 GlyA 8+ 4¢ 32+ 16 8.0 350 (349
S o N-Ac-Gly-NH, 1.6+0.7 6.4+ 2.8 3.2 350
2 3 N-Ac-Ala-NH,  0.26+ 0.08 1.0+ 0.3 1.0 345
5 1 N-Ac-Asp-NH,  0.11+0.04 0.44+0.16 0.44 332
& N-Ac-GIn-NH,  0.047+0.015 0.19+ 0.06 0.19 334
& 2 N-Ac-Pro-NH, 0.042+ 0.015 0.18+ 0.06 0.18 358 (cis)
< N-Ac-Pro-NH, 369 (trans)
1 aNo protolysis reaction is directly involved in reactions 4 and 5;
therefore, no solvent isotope effects are expeéteBTaking k(CyaS +
2-propanol)= k(cysteine thiyl radical- 2-propanol}= 2.0 x 10* M~ st
0+ T T T at 20°C= andks = 4.0 x 10* M~t st at 37°C.18 ¢ Ab initio calculated
0 10 20 30 40 values? Except for GlyA and N-Ac-ProNH all values are foiN-formyl

amino acid amides! This value compares well with 2.7 10° M~ s at

room temperature, obtained by pulse radiolg$i§.For [GlyA]/[2-propanol]
Figure 2. Concentration-dependent inhibition of 2-D-2-propanol formation = 0.08-0.25 at [GlyA] < 2.5 x 1073 M; at higher ratios, plots show slight

for three model peptidesA[2-PrOH] and A[2-PrOH] represent the curvaturef Experimental valué®

2-propanol consumption at a given time in the absence and presence of the

model peptide. Inset: Low ratios [SarcAJ/[2-PrOH]. Gly-NH,. The possibility of the peptide to support a planar, maximal
captodatively stabilized*C*-radical seems to affecks. Future
experiments with specifically selected secondary structures will test

this hypothesis.

[peptide)/[2-PrOH]

radicals with up to 0.4 M N-Ac-Ala-NKl in the absence of
2-propanol, where H-abstraction by Cya®lectively targets the
P*C—H bond. Figure 1 shows representative NMR spectra of the
reaction containing (A) 2.5 1073 M sarcosine anhydride (SarcA) Acknowledgment. This work was supported by the NIH
or (B) no SarcA. SarcA competes with 2-propanol and protects (2PO1AG12993).
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