ISSN0385-1516

DOJIN NEWS

N0.090/1999 | reviews

Jobodobudgobiddbtdoooo

Oxidative Stress,
DNA Damage and Human Diseases Yoke W. Kow

EE)p oo ooooooooOoO0Ooooo
gogno




DQII.I'I News No0.90(1999)

0d googg
Reviews 1. DNABESEIEAF U Fy b
nobooouooobooo a-K&S W% it fli#% (¥)
goooooooooooobo0ooooooo0........... O 347—07861 ARP Kit 1000 ] 29,000
Oxidative Stress, DNA Damage and Human Diseases 2. HRKEMPODEE S
Emory University School of Medicine Yoke W. Kow, Ph.D...... O Request SAT Blue 50ml Request
oooooooboo o 3.@5&3@@%?&&%
o000 OoO000000008000 . 12 348—07891 ~Celistain- EB solution 1ml 3,800
341—07881 ~Cellstain- PI solution 1ml 3,800
i 348—07911 ~Celistain- AO solution 1ml 3,800
Commercial 341—07901 ~Celistain- Calcein-AM solution 1ml 13,000
Q&A PKAOODOOOODOOO i 14 4. Self-Assembled Monolayer 3Rt
oboood Request 11-Amino-1-undecanethiol hydrochloride 10mg 12,800
DNAOOODODOODODODODODODO e 10 100mg 38,500
Request 10-Carboxy-1-decanethiol 10mg 11,000
OO0D0OOPODO OO tiiiiiiiii e 15 100mg 30,000
OO00O0O00OODODO i 15 Request 7-Carboxy-1-heptanethiol 10mg 11,000
3 100mg 30,000
Self-Assembled Monolayer 0 0 O O 0 oovvvvveiieiieiieeeeen 16 Request 5-Carboxy-1-pentanethiol 10msg 11,000
O0000000D i 17 100mg 30,000
OO000000D0D0D00D0 e 18 " .
5. BEMAFAF) THT
OO0O0000D0DOD e 19 Request Bisthiourea-1 25mg 19,000
100mg 59,800
ajujajs 6. [§7 B &) MAEMEF L — MR
0000000000000 0000 s 19 Request Maleimido-Cs-NTA lomg 11,000
O000000000000000 e, 20 50mg 29,000
7. KEELYTFSOY
Request Coelenterazine-WS 1mg Request

ooooooooooooboooooooboboooooOobooooooobooooon
gooooooooooooooooooooooboboooo

gooooooooooooooboooooooo



DOJI.n News No.90(1999)

Doddoooooddd
Measurement of 3-nitrotyrosine in biological systems

oood
[0 Tomohiro SAWA[
joooooooooooo

O000OoooooooooDoOoOooooooo
O00O0Ooooooooooooooooon

Summary
Much attention has been given to a diverse function of nitric oxide (NO).
Two different NO-dependent signal transductions are now known to occur in
biological systems. One is cyclic GMP (cGMP)-mediated pathway via
activation of soluble guanylate cyclase, the other is through cGMP-
independent mechanism. Nitrosylation and nitration appear to be critically
involved in various cGMP-independent biological phenomena caused by
NO. It is now well conceivable that various oxidized forms of NO such as
peroxynitrite and NOx, rather than NO per se, produce nitrosothiols and 3-
nitrotyrosine. The biological significance of the tyrosine nitration is a major
interest in this regard, because ample evidence indicates formation of 3-
nitrotyrosine in vivo under various pathological conditions. A number of
detection methods for nitrotyrosine are reported, however, only a few of them
can be performed conveniently and reproducibly. Specific and sensitive
measurement of 3-nitrotyrosine will be helpful to obtain a better
understanding of physiological and pathological effects of nitration reaction in
biological systems. The mechanism of biological nitration and its
identification and quantification are reviewed in this article.
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Fig. 1. HPLC-EC array chromatogram of tyrosine (5 pmol), 3-chlorotyrosine (5
pmol), and 3-nitrotyrosine (5 pmol) illustrated in two-dimentions.
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Fig. 2. Hydrodynamic voltamograms generated for tyrosine, 3-chlorotyrosine,
and 3-nitrotyrosine.
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Fig. 3. HPLC-EC response to serial dilution of 3-nitrotyrosine obtained with
applied potential of 750 mV.
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Fig. 4. HPLC-EC analysis of (a) acid hydrolysate of control BSA, (b) acid
hydrolysate of BSA treated with ONOO™ (2 mM), and (c) authentic 3-
nitrotyrosine (50 pmol) detected with applied potential of 720 mV.
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Fig. 5. Nitrotyrosine formation in mouse lung infected with influenza virus
infection. (a) acid hydrolysate of lung homogenate (7 days
postinfection) analyzed by HPLC-EC at 700 mV, (b) authentic 3-
nitrotyrosine (500 fmol).
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Fig. 6. HPLC separation of 8-nitroguanosine from nucleoside mixture detected
by (a) UV detector and (b) EC detector (750 mV).
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Oxidative Stress, DNA Damage and Human Diseases

Yoke W. Kow, Ph.D.

Division of Cancer Biology, Department
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Avenue, Atlanta, GA 30335

Reactive oxygen species (ROS), such as hydrogen peroxide, superoxide
and hydroxy! radical are products of oxygen metabolism in al aerobic
organisms. ROS are generated as a result of energy production from
mitochondria (from the electron transport chain), as part of an
antimicrobial * or antiviral® response, as well as detoxification reactions
carried out by the cytochrome P-450 system*?. Environmental agents such
as ultraviolet light, ionizing radiation, redox chemicals and cigarette smoke
a0 readily generate ROS.  The antioxidant defense system in most cdllsis
composed of two components, the antioxidant enzymes component which
includes enzymes such as superoxide dismutase, catalase and glutathione
peroxidase, and the low molecular weight antioxidants component that
includes vitamins A and E, ascorbate, glutathione and thioredoxin. These
substances are the body’s natura defense against endogenous generated
ROS and other free radicals, as well as ROS generated by external
environmental factors. Oxidative stress occurs when the production of ROS
exceeds the body’s natural antioxidant defense mechanisms, causing
damage to biomolecules such aslipids, proteinsand DNA.

Spectrum of DNA damage resulting from oxidative stress

Oxidative damege to DNA isaresult of interaction of DNA with ROS, in
particular the hydroxyl radical. Superoxide and hydrogen peroxide are
normally not reactive towards DNA. However, in the presence of ferrous or
cuprous ion (the Fenton reaction), both superoxide and hydrogen peroxide
are converted to the highly reactive hydroxyl radical. Hydroxyl radica
produces amultiplicity of modificationsin DNA. Oxidetive attack by OH
radical on the deoxyribose moiety will lead to the release of free basesfrom
DNA, generating strand bresks with various sugar modifications and smple
abasic (AP) stes. In fact, one of the mgor types of damages generated by
ROSisAPsite, asitewhereaDNA baseislost.

AP sites are also formed at an appreciable rate from spontaneous

depurination. It is estimated that a least 10,000 depurination events occur
per cell per day under physiologica conditions. A similar amount of AP
siteis thought to be generated by norma aerobic respiration. In addition to
AP site, a wide spectrum of oxidative base modification occurs with ROS
(Figure 1). The C4-C5 double bond of pyrimidine is particularly sensitive
to attack by OH radical, generating a spectrum of oxidative pyrimidine
damage including thymine glycal, uracil glycal, urearesidue, 5-OHdU, 5
OHdC, hydantoin and others.  Similarly, interaction of OH radical with
purines will generate 8-OHAG, 8-OHdA, formamidopyrimidines and other
less characterized purine oxidative products. It has been estimated that
endogenous ROS can result in about 200,000 base lesions per cell per day.
The biologica consequences of many of the oxidative products are known.
For example, unrepaired thymine glycol is a block to DNA replication and
is thus potentidly lethd to cells. On the contrary, 8-0xoG, an abundant
oxidative damage to dG, is readily bypassed by the DNA polymerase and is
highly mutagenic. Unrepaired 8-oxoG will mispair with dA, leading to an
increesein Gto T trangtion mutations.
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Fig. 1. Chemical structure of some of the stable oxidative DNA base lesion.

Enzymatic repair of oxidative DNA damage

In order to maintain the fidelity of genetic materid, al organisms have
evolved many different repair pathways to remove various types of DNA
damage, resulting from either endogenous or external DNA reactive agents.
Oxidative damage is repaired by an ubiquitous base excision repair
pathway >°. Base damage is recognized by DNA N-glycosylase. Thereare
two major N-glycosylases for oxidative base damage (a deamination
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product such as uracil is recognized by uracil N-glycosylase).
Endonuclease 111 from E. coli is the prototype repair enzyme that
recognizes many types of oxidative pyrimidine damages™®. Homologues
of endonuclease 111 are found in al cells examined, and its gene has been
cloned from bacteria, yeast, mouse, and human cells. The substrate
specificity of various endonuclease 111 homol ogues appear to be similar®®.
The enzyme has an associated 3 -lyase activity. After the release of the
damaged base by endonuclease III, the enzyme cleaves to the
phosphodiester bond 3' to the AP site, leaving behind a 3' modified sugar
moiety, 4-hydroxypentena ™. On the other hand, oxidative purine damage
is recognized by formamidopyrimidine N-glycosylase (fpg) **. Functiona
homologues of the bacteria fpg protein are present in yeast and human
cells. The eukaryotic enzyme that recognizes 8-oxoG is caled 8-x00G
glycosylase (OGGL gene product) and shares no amino acid sequence
homology with the bacterial fpg protein®. The substrate specificity of
bacterial fpg and eukaryotic OGGL protein is similar, recognizing 8-oxoG
and formamidopyrimidines. However, the bacterial fpg protein has an
associated 3,0 -lyase activity, leaving behind a 3' phosphate terminus™*.
The eukaryotic OGG1 protein is a B -lyase, leaving behind a 3' 4-
hydroxypentend residue. The 3' residue (either the 4-hydroxypentena or
phosphoryl group) left behind by these N-glycosylases are further
processed by AP endonucleases, generating the 3' OH that is required for
repair synthesis catalyzed by DNA polymerase. There are two major types
of AP endonuclease, endonuclease 111 and the exonuclease V. InE. coli,
both AP endonucleases are present, with exonuclease 111 being the major
AP endonuclease. In human cells, the major AP endonuclease is
exonuclease |11 and in yeast, the mgor activity is endonuclease IV. After
the 3' end of the DNA is processed by AP endonucleases, the repair process
is completed following repair synthesis and ligation by DNA polymerase
and ligase, respectively.

Oxidative stress and human diseases

Oxi dative stress has been thought to contribute to the generd decline in
cdllular functions that are associated with many human diseases including
Alzheimer'sdisease™*, amyotrophic latera sclerosis (ALS) ™, Parkinson's
disease™?, atherosclerosis™ ), ischemialreperfusion neuronal injuries,
degenerative disease of the human temporomandibular-joint®, cataract
formation™ *”, macular degeneration® *, degenerative retinal damage®™,
rheumatoid arthritis®, multiple sclerosis™, muscular dystrophy %, human
cancers®® aswel asthe aging™*” processitsdf. Increased cdllular level of
ROS due to oxidative stress can result in an increased steady state level of
oxidative DNA damage. There is increasing evidence that an increased
level of oxidative damage such as AP siteis detected in cells obtained from
ALS and Alzheimer patients or after ischemialreperfusion. Due to the fact
that many human diseases might be resulting from chronic oxidative stress
and the magnitude of oxygen damage to DNA that is associated with
oxiddive stress, it this important to have a smple and accurate procedure

for estimating the level of oxidative DNA damage in oxidative stressed

cdls.

Detection and quantification of oxidative DNA damage by
the ARP assay

ARP reagent (N'-aminooxymethylcarbonylhydrazino-p-biotin, Fig. 2) isa
biotinylated hydroxylamine derivative. The chemica reacts specificaly
with an ddehyde group, thus dlowing the detection of DNA modifications
that resulted in the formation of an ddehyde group. AP sitein DNA exists
in equilibrium between the ring closed and the ring opened form (Fig. 3).
Approximately 5% of the AP siteisin the ring opened form, which has an
active adehyde group. ARP, a hictinylated akoxylamine (Fig. 2) reacts

o
HN”~ "NH o O H
I HH I |
(CH,); —C—N—N—C—C—0O—NH,
S

I
H

Fig. 2. Chemicadl structure of ARP reagent

3'

Fig. 3. Chemical structure of an AP site

OH
K/ZO

3!

specifically with the adehyde group in the ring opened AP site.  After
treating DNA containing AP sites with ARP reagent, AP sites are thus
tagged with a biotin residue. By using an excess amount of ARP reagent,
essentiadly al AP sites can be converted to biotin-tagged AP sites. The
amount of biotinylated AP sites can then be easily quantified with an
ELISA-like assay, using avidin-biotin complex conjugated with either
horseradish peroxidase or dkaline phosphatase as an indicator enzyme (Fig.
4). This procedure has been successfully used by

5. 0 5'\, OH 5'\, OH
H
\Qo KFO \g_/zN—OWBiotin
ARP reagent
3 3 3

Detection of biotin residues by an
avidin/biotin complex conjugated
with an indicator enzyme

Fig. 4. Principle of ARP assay
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severa |aboratories for accurate messurement of AP stesin DN
A modification of the ELISA-like ARP assay was made by (38), dlowing
even more sengitivity in the detection of AP site. Instead of binding DNA
to amicrotiter plate, DNA was bound to a nitrocellulose membrane using a
dot blot gpparatus. A microtiter plate-based AP ste assay kit is currently
available from Dojindo Laboratories.

Many kinds of base damages are recognized by damage specific DNA
glycosylases. The substrate spectrum of DNA glycosylases varies
depending on the enzymes, some have very narrow substrate specificity,
such as uracil DNA N-glycosylase and T4 endonuclease V, while some can
recognize a variety of base modifications such as endonuclease 111, 8-
oxoguanine N-glycosylase and akA protein. These glycosylases remove
modified bases, leaving behind either intact AP sites or modified sugar
moieties (4-hydroxy-pentena) till attached to the 3' termini of nicked
DNA. Both products of N-glycosylases till retain the active adehyde that
can easily be quantified by the use of ARP assay. Therefore, treating
damaged DNA with a specific repair enzyme will permit the determination
of aclass of base damages that is normally recognized by the repair
enzyme. The advantage of the enzyme-coupled ARP assay isthat it dlows
the investigator to assess the contribution of a whole spectrum of base
damage that is normally recognized by the repair enzymes. Furthermore, if
one would like to assess the amount of oxidative DNA damage due to
increased oxidative stress, treatment of the damaged DNA with both
endonuclease 111 and yeast OGGL will provide arelatively good assessment
of the total amount of oxidative base damage that has occurred on the
DNA. Endonuclease |11 has been shown to recognize many different types
of pyrimidine oxidative damages. Therefore DNA samples treated with
excess endonuclease 111 will leave behind a 3' modified sugar moiety (4-
hydroxypentend) that can be tagged with the ARP reagent. The amount of
ARP tag can then be determined and be used as a measurement for
endonuclease Il sengitive Site or an oxidative pyrimidine lesion. In fact, the
enzyme coupled-ARP assay has been used for the quantification of thymine
glycols and akylation damage in DNA*“. Similarly, oxidative purine
damage can be detected using either the yeast 8-oxoguanine glycosylase
(yOGG1) or the human 8-oxoguanine glycosylase (hOGGL). In the latter
case, the bacterid fpg protein cannot be used since the enzyme generates a
phosphoryl group. OGG1 has been shown to recognize mostly 8-oxoG and
formamidopyrimidines (OGG does not recognize 8-0xoA), but the amount
of damage determined by the use of OGG might underestimate the total
oxidative purine damage. However, it should provide agood assessment of
thelevel of biologically important purine damage present in the cells. A kit
for estimating the amount of oxidative pyrimidine and purine damage is
currently under development by Dojindo Laboratories, and should be
available soon.
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DA 7 3HRBEA 7 BIREEE & DLLE.
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anion ionophore “ ionophore TDDMACI required
Cr 0 0 0 0
salicylate +0.7 +18 +32
SCN~ +10 +1.6 +38 =+17
NO; +02 +0.7 +2.1
I 02 +05 +34
Br~ +02 +04 +14 =+0.7
Neors -20 4
HSO;/S0;~ 20 d
AcO” 23 4
HCO; -26 4

H.,PO;/HPO;” <-3.5 ‘

MPM: matched potential method; SSM: separate solution method.

aFor the chloride concentration range from 105% to 1047 M. °For the
chloride concentration range from 10234 to 102% M. ¢Required selectivity
coefficients for measuring chloride in normal blood samples. 9 Selectivity
coefficients for these anions are too small to be accurately determined at 10234
M CI.
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