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ABSTRACT. Levuglandins are/-keto aldehydes formed by rearrangement of prostaglandin (RGh H
agueous solution. Levuglandins are highly reactive with primary amines. We had previously characterized
adducts formed after reaction of levuglandin (EGE,) or PGH with lysine. In this study, we assessed
whether reaction of PGHwith arginine yielded covalent adducts. UsiNg-acetylarginine and both PGH

and synthetic LGE we discovered a novel series of levuglandinyl adducts derived from reaction of two
levuglandin moieties with the guanidino group of arginine. Subsequent spontaneous hydrolysis of the
adducted amino acid yields bis(levuglandinyl) urea and the corresponding ornithine residue. Using liquid
chromatography tandem mass spectrometry, we characterized the molecular structure of these novel adducts
and demonstrated their formation after coincubation of P@ith synthetic peptides and proteins. The
soluble characteristic of these molecules provides a potential strategy for development of biological markers
of lipid modification of proteins following cyclooxygenase activity or lipid peroxidation.

The prostaglandin H synthases (PGHS) participate in aamine hydrochloride, and sodium borohydride were pur-
number of physiologic and pathologic functions and are chased from Sigma (St. Louis, MQY*-acetylglycylglycyl-
targets of an array of pharmacologic inhibitors. The PGHSs glycylglycyllysylglycylglycylglycylarginine N*-AcetylGG-
catalyze the oxygenation of arachidonic acid to the endop- GGKGGGR) was purchased from Research Genetics, Inc.
eroxide, prostaglandin (PG),HPGH, is further metabolized  (Huntsville, AL). Oasis Sep Pak Cartridges were obtained
to the prostanoids PGDPGE, PGF, thromboxane 4 and from Waters Corp. (Milford, MA). XDB G column (2.1x
prostacyclin by specific enzymes. Also, P&iH aqueous 15 mm) was from Mac Mod Analytical (Chadds Ford, PA).
solutions undergoes nonenzymatic rearrangement not onlyPGH, was synthesized as described previou€ly [(GE;
to PGE, and PGD, but also 20% of PGHis converted to  was synthesized by V. Amarnath (unpublished experiments).

the highly reactivey-keto aldehydes, levuglandins (LG) E LC/ESI/MS/MS Analysigliquots of the incubation mix-
and D; (1, 2). Levuglandins are known to react covalently res were analyzed by liquid chromatography (LC)/elec-
with primary amines, such as theamine of lysine on  yogpray jonization (ESI)/tandem mass spectrometry (MS/
proteins and with DNA 3, 4). We have characterized the MS) using a 2.1x 15 mm XDB G column with a flow rate
adducts that are formed by the reaction of lysine with kGE 4t 9 2 mL/min. A linear gradient of 1890% acetonitrile in
or PGH (2, 5), and knowledge of their structures has g mm ammonium acetate/ 0.1% acetic acid was applied in
provided a basis for analysis of the adducts in protein digests g min. Electrospray tandem mass spectrometric analysis was
utilizing liquid chromatography-tandem mass spectrometry .4 ried out on a Finnigan TSQ 7000 system (Finnigan Corp.,
(6—8). To further characterize the interaction of levuglandins gz, Jose, CA). The mass spectrometer was operated in a
with proteins, we examined the reaction of ITG with ar_ginine positive ion mode with a potential of 4 kV applied to the
and found that two molecules of levuglandin react with the g |ectrospray needle. Nitrogen was used as the sheath gas (70
guanidino group. This labile product then cleaves to yield a gy and auxiliary gas (10 psi) to assist the nebulization. The
bis(levuglandinyl) urea (BLU)and omnithine. heated capillary was operated at Z@and 20 V, and the
tube lens voltage was set at 80 V. Spectra were displayed
EXPERIMENTAL PROCEDURES by averaging scans across the chromatographic peaks.
Materials. L-Arginine, N*-acetylarginine, human serum Scanning was carried out as indicated in figure legends, or
albumin (HSA), histone (fraction ll1)3-amyloid, methoxyl- when needed, ions were subjected to collision-induced
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dissociation at—28 and —36 eV at an indicated argon
pressure of 2.6 mTorr.

Formation of Arginyl-LG AdductsLGE, (1 mM) was
incubated with.-arginine (1 mM) in 1& phosphate-buffered

Zagol-lkapitte et al.

histone (1 mg/mL), ang@#-amyloid (0.1 mg/mL) in 1& PBS
(pH 7.4) were treated with 1 mM LGt room temperature
for 24 h. After incubation, the reaction mixtures were applied
to an Oasis cartridge, preconditioned with methanol and

saline (PBS) at room temperature, pH 7.4 for 6 or 24 h. To water. The Oasis was washed with water before elution with
reduce and stabilize Schiff base adducts, 1:10 volume of 100methanol. The eluate was dried, resuspended in methanol,

mM sodium borohydride in dimethylformamide was added
and allowed to incubate for 30 min at°’C (final concentra-

and subjected to LC/ESI/MS/MS in the positive ion mode.
The presence of BLU adducts was assessed by multiple

tion 10 mM). The samples were extracted using Oasis reaction monitoring, following the transitions characteristic
cartridges preconditioned with methanol and water as of fragments of anhydrolactananhydroSchiff base BLU
described by the manufacturer. The reaction mixture was adducts (Vz 691.4 to 375.1 and 691-4357.4).

loaded, washed with water, and eluted with methanol. The  Apalysis of Amino Acid Content of Amylgid-after

samples were then analyzed by LC/ESI/MS/MS in the

Reaction with LGE Af1-42in sodium phosphate buffer 100

positive ion mode as described previously, scanning ionsmm (pH 7.4) was incubated with 5 molar equivalents of

betweenm/z 400 andm/z 600.

Purification and Analysis of BLU Adducts Formed after
Reaction of N-Acetylarginine with PGhland LGE. PGH;
or LGE; (1 mM) was incubated witiN*-acetylarginine (1
mM) in 10X PBS pH 7.4 at room temperature for 24 h. After
incubation, the reaction mixture was immediately applied
to an Oasis cartridge preconditioned with 10 mL of methanol
and 10 mL of water. No reduction with sodium borohydride

synthetic LGE at room temperature. After 24 h, the protein
was hydrolyzed wh 6 N HCl at 110°C for 15 h. Then, the
amino acid content was analyzed by ACCUTAG derivati-
zation. The Waters Accutag amino acid analysis of the
adducted amyloid was carried out by the Protein Chemistry
Core Laboratory of Vanderbilt University.

RESULTS

was performed in these experiments. The column was washed

with water, and the adducts were eluted with methanol. The

methanol was concentrated to 10 under a N stream,
and the products were analyzed by LC/ESI/MS/MS in the
positive ion mode, scanning ions betweaefz 450 andm/z
750. Collision induced dissociation (CID) of the putative
BLU adducts was carried out at energies ranging froh®
to —45 eV with a collision gas pressure of 2.6 mTorr,
scanning the daughter ions betwewafz 50 andm/z 750.
Characterization of BLU Adducts Formed after Reaction
of N*-Acetylarginine with LGE To confirm their structure,

Identification of Arginyl-LG AdductsAfter incubation of
arginine with synthetic LGEfollowed by treatment with
sodium borohydride, the analysis of the products of reaction
by LC/ESI/MS (Figure 1) showed the presence of four
different ions corresponding to the arginyl-LG anhydroSchiff
base (anHSBn/z 491.2), dehydrated reduced Schiff base
(deHSB,m/z 495.2), lactam (Lactyvz 507.2), and hydroxy-
lactam adducts (OHLachyvz 523.2). These structures were
deduced by analogy from the published structures of le-
vuglandinyl-lysine adduct®(5). Because LGEcould react

the BLU adducts were chemically derivatized and analyzed With the amine present at both tié- and the guanidino

by LC/ESI/MS scanning ions betweemiz 500 and/z 900.
After incubation of LGE (1 mM) with N*-acetylarginine
(2 mM) in PBS pH 7.4 at room temperature for 24 h, the

positions, we performed the same experiment usiltg
acetylarginine. In these conditions, there was formation of
none of the previous ions, but three peaks were observed at

adducts were reduced with 1110 volume of 100 mM sodium highernvzratios (Figure 2). Because the products of reaction

borohydride in dimethylformamide for 30 min afQ before

of LGE; with arginine were not present when tNe-amine

analysis by LC/ESI/MS. To generate methoxylamine deriva- Of arginine was acetylated, we concluded that the ions at

tives, an equal volume of 6% methoxylamine hydrochloride

m/z 491.2, 495.2, 507.2, and 523.2 represented levuglandin

in PBS adjusted to pH 6 was added to the reaction mixture adducts formed at this*-amine of arginine. It also indicated

and allowed to incubate for 30 min at room temperature

that LGE could react with the guanidino group of arginine

before LC/ESI/MS analysis. For catalytic hydrogenation, the to form what we hypothesized to be bis(levuglandinyl) urea
adducts were first extracted on Oasis cartridge as describedBLU) adducts with the following combination of struc-

previously. The solvent was exchanged with 2 mL of ethanol,

tures: anhydrolactam-anhydroSchiff base (anHL-anHSB,

75 mg of palladium on charcoal (10% w/w) was added, and 691.8), lactam-Schiff base (L-SByz 727.4), and hydroxy-
hydrogen was bubbled for 10 min at room temperature (aboutlactam-Schiff base (OHL-SBmwz 743.5) BLU adducts
one bubble per second). The palladium was then removed(Figure 2). We hypothesized that the formation of these BLU
by centrifugation in a bench centrifuge, and the solvent was Would follow the mechanism that we present in Figure 3:

dried down to 10QcL under nitrogen before analysis by LC/
ESI/MS/MS.

Comparatve Analysis of the Rate of Formation of the
Levuglandinyl Adducts with Lysine and Arginine.*N
acetylIGGGGKGGGR (1 mM) was incubated with 1 or 3
molar equivalents of LGEin 10x PBS at room tempera-

after both the amino groups of the guanidine function react
with LGE; to form pyrroles, the bond betweerf ldnd C
becomes a localized double bondQf( and undergoes
nonenzymatic hydrolysisl() to yield the corresponding
BLU and ornithine.

Characterization of Bis(leuglandinyl) Urea AdductsiVe

ture, pH 7.4 for 6 h. The samples were extracted with an sought to further characterize the structure of the potential

Oasis cartridge and analyzed by LC/ESI/MS/MS in the
positive ion mode scanning ions betwemfz 800 andm/z
1900.

Analysis of BLU Adducts Formed from Reaction of LGE
with Proteins.Human serum albumiHSA) (1 mg/mL),

BLU adducts with three approaches: first, we performed LC/
ESI/MS/MS analysis of three of the more prominent products
of the reaction of LGEwith arginine and characterized the

structures of the different daughter ions generated by
collision-induced dissociation. Second, we confirmed the
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Ficure 1: LC/ESI/MS spectrum of levuglandinjd2-arginine adducts. Arginine was incubated with LGEPBS pH 7.4 at room temperature
for 24 h. The Schiff base adducts were reduced with 10 mM sodium borohydridkCaio4 30 min. The samples were extracted with Oasis
cartridge and analyzed by LC/ESI/MS as described in Experimental Procedures. lons were scannedrbetd@@mandm/z 600. The
structures of the lactam (Lacetyz507.2), hydroxylactam (OHLactyz 523.2), reduced Schiff base (DeHSB/z 495.2), and anhydroSchiff
base (anHSBm/z 491.2) adducts are shown.
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Ficure 3: Formation of bis(levuglandinyl) urea. After formation
5.0 75 of bis(levuglandinyl) adducts on the amines of the guanidino group

of arginine, nonenzymatic hydrolysis of the guanidino group yields
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Ficure 2: Selected ion current chromatograms of bis(levuglandinyl)

urea (BLU) adducts. LGEwas incubated wittN*-acetylarginine, . . .

in PBS pH 7.4 at room temperature for 24 h. The samples were 2-6 mTorr collision gas, scanning daughter ions frova

extracted using Oasis cartridges and analyzed by LC/ESI/MS. 50 to 750. These ions and their corresponding fragments in

dSe%Ctﬁ?f It?n mgnlaorlng ICh?m&ll)tngarrES fﬁrLa”hﬁiiélagé?n%)a”hy the CID spectra obtained at36 eV are shown in Figure 4.
roSchiff base bis(levuglandinyl) urea (anHL-anHS#&#z

Lactam-Schiff base bis(levuglandinyl) urea (L-SBz 727.4), and The ion Zhlfts in the C:EDhspectra Of. the g:j[()j ucf;tshsu%%;)rt the

hydroxylactam-Schiff base bis(levuglandinyl) urea (OHL-%#z proposed structures of these species. of the iawat

743.5) adducts are shown. The structures of each adduct are/27.4 produced informative daughter ionsriz 375.1 and

represented. 357.4 (Figure 4B); these masses correspond to the lactam

molecular features of the putative anhydrolactam-anhy- Urea moiety, having lost one or two molecules of water,
droSchiff base BLU adductnfz 691.4) by LC/MS after ~ respectively (Figure 4B). CID of the ion atVz 743.6
chemical modification. Third, we confirmed the formation Produced daughter ions a¥fz391.1 and 290.6 (Figure 4C).
of the ornithine residue in a synthetic peptide following These ions correspond to the dehydrated hydroxylactam urea
reaction with different molar equivalents of synthetic LGE =~ moiety and to the Schiff base moiety decarboxylated and
To further substantiate the structural identity of these dehydrated as represented in Figure 4C. The predominant
compounds as the anhydrolactam-anhydroSchiff bede ( compound was the anhydrolactaanhydroSchiff base BLU
691.4), lactam-Schiff basen(z 727.4), and hydroxylactam-  adduct, which was characterized by the [MHpn at m/z
Schiff base 1z 743.6) BLU adducts, collision induced 691.4. The daughter ions obtained by CID corresponded to
dissociation of the molecular ions of BLU adducts was the anhydrolactam moiety a¥z 375.1 and to its dehydrated
performed at energies ranging froml0 to —45 eV with form atm/z 357.4 (Figure 4A).
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Ficure 4: LC/ESI/MS/MS analysis of BLU adducts. After reaction of L&G®ith Ne-acetylarginine, the adducts were purified by
chromatography on Oasis cartridge and analyzed by LC/ESI/MS/MS. The[biH§ of the three major BLUs adducts were subjected to
CID at —36 eV. The fragment ions were scanned fromz 50 to 750. The proposed structures of the major fragment ions are indicated.
(A) Anhydrolactam-anhydroSchiff base BLUN{Yz 691.4). The inset depicts the spectrum was expanded 20 times to show the fragment ion
atm/z= 375.1; the ion atn/z = 357.4 is off-scale in this expanded spectrum. (B) Lact&uhiff base BLU Wz 727.4). (C) Hydroxylactam

Schiff base BLU (/z 743.6).

Because the speciesratz 691.8 was the most abundant, m/z 691.8 and the appearance of a signalnét 749.8,
we sought to further characterize its chemical structure. We corresponding to the molecular ion of the bismethoxime
confirmed the presence of the Schiff base moiety by treating derivative. Although lactams usually do not form oximes,
the sample with sodium borohydride (Figure 5, reduction). the delocalization of the electron pair of the nitrogen atom
The carbonyl in the lactam ring is resistant to reduction by in the ring with the conjugated double bonds of the
sodium borohydride5); however, both the imine and the levuglandinyl moiety and the ketone in the urea group make
carbonyl groups in the Schiff base moiety can be reducedthe carbonyl more electrophilic, allowing its methoximation.
(2). After treatment with sodium borohydride, the ions at ~ We determined the number of carbecarbon double
m/ z 691.8 disappeared concomitantly with the appearancebonds by performing catalytic hydrogenation on palladium
of the species atvz 677.8. By analogy with the levuglandi-  on carbon 10% (w/w) of the anhydrolactam- anhydroSchiff
nyl-lysine Schiff base adduct2), we propose that the base BLU adduct (Figure 5, catalytic hydrogenation). We
reduction of the carbonyl was followed by dehydration chose palladium on carbon because aliphatic aldehydes,
yielding a molecule 14 mass units less than the initial ketones, and nitriles are hydrogenated very slowly over this
compound. The dehydration leads to the loss of chirality of catalyst (2, 13). The ion atn/z 691.8 presents a double
carbon 8, yielding a single peak shape for the product at peak shape due to one chiral carbon on the anhydroSchiff
m/z 677.8. base at position 8. Following hydrogenation, new peaks at

We sought to further characterize the anhydrolactam nvVz 705.8 (691.8+ 14) were observed, indicating the
moiety of the adduct by derivatizing its carbonyl groups with presence of seven double bounds. This reduction leads to
methoxylamine hydrochloride. The results, shown in Figure generation of five chiral carbons yielding 10 stereoisomers
5 (methoxylation), indicate the disappearance of the ion at that are separated during the chromatography in several
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Ficure 5: Analysis of BLU adducts before and after chemical treatment. After reactibf-atetylarginine with LGEfor 24 h, the BLU

adducts were reduced with sodium borohydride (reduction), derivatized with methoxyamine chloride (methoxylation), or hydrogenated
with palladium 10% on carbon (catalytic hydrogenation) as described in Experimental Procedures. The chromatogram for the initial ion at
m/z 691.8 is presented before each reaction. The selected ion current chromatograms corresponding to the products before and after each

reaction are presented.

different peaks. Taken together, these results confirmed the
proposed structure of the most abundant BLU adduct as the

anhydrolactam-anhydroSchiff bas®/t 691.8).

Formation of BLU Adducts Deved from PGH. The
anhydrolactam-anhydroSchiff base BLU was analyzed by
selected reaction monitoring. The parent ion#tz 691.4
was submitted to collision induced dissociation-86 eV
with a CID gas pressure of 2.6 mTorr, and the fragments at
m/z 375.1 and 357.4 were monitored. We observed the
appearance of the two ions after incubationNsfacetyl-
arginine with synthetic LGEor PGH, (Figure 6). This result
demonstrates that BLU adducts are formed from RGH
through the levuglandin rearrangement pathway.

Characterization of Peptidyl-LG AdductBo compare the
relative reactivity of LG with lysine and arginine, we
designed a synthetic peptide that had one lysine and on
arginine separated by three glycines and that had\the
amine acetylated to prevent formation of LG adducts at that

N-acetyl arginine + PGH

m/z691.4 to 375.1
@-28eV
m/z691.4 to 357.4
@-36eV

75 10.0 125 75 10.0 125

N-acetyl arginine + LGE,

1.3x103 8.1x103

1.1 x 108 1.1x106

Signal intensity (arbitrary units)

Retention time (min)

Ficure 6: Comparison of anhydrolactaranhydroSchiff base BLU
formed after reaction oN*-acetylarginine with LGE or PGH..
After reaction of LGE or PGH; in the presence dfi“-acetylarginine

for 24 h, the BLU adducts formed were purified by chromatography
on Oasis cartridge and analyzed by LC/ESI/MS/MS. Selected

€eaction chromatograms for the daughter ions of the anhydrolac-

tam—anhydroSchiff base BLU adducin(z 691.4-375.1 at—28
eV andm/z 691.4-357.4 at—36 eV) are shown.
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Ficure 7: Formation of levuglandinyl adducts on synthetle-acetylIGGGGKGGGR leads to the modification of arginine to ornithine.
N*-acetylGGGGKGGGR was incubated with 1 or 3 molar equivalents of the syntheti¢ &3Bom temperature in PBS at pH 7.4 for 6
h. The samples were then analyzed by LC/ESI/MS scanning ions betwe&®0 andm/z 1900. Selected ion current chromatograms are
shown for (A) N*-acetylGGGGK-anhydroSchiff base GGG arginimy2 1074.5) and (B)N*-acetylGGGGK-anhydroSchiff base GGG
ornithine fn/z 1032.5).

HSA + LGE, Histone + LGE, B amyloid + LGE»
1.6 x 104 8.6 x 10" 8.5x 102
m/z691.4 > 375.1 m/z2691.4 > 375.1 m/z691.4 --> 375.1
@-28eV @-28eV @-28eV

Signal Intensity (arbitrary unit)

AL A~
1 1 1 1
1.5x108 3.1x10° 3.0x10°
m/z691.4 --> 357 .4 m/z691.4 --> 357.4 m/z691.4 > 357.4
@ -36eV @ -36 eV @ -36eV
1 1 1 1 1 1
8.5 10.0 1.5 8.5 10.0 1.5 8.5 10.0 1.5
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Ficure 8: Protein-derived BLU adducts. HSA (1 mg/mL), histone (1 mg/mL), Aramyloid (0.1 mg/mL) in 1& PBS (pH 7.4) were
treated with 5 molar equivalents of LGEt room temperature for 24 h. After incubation, the reaction mixtures were applied to an Oasis
cartridge and subjected to LC/ESI/MS/MS. Selected reaction monitoring chromatograms for the daughter ions of the anhydrolactam
anhydroSchiff base BLUn{/z 691.4-375.1 at—28 eV andm/z 691.4-357.4 at—36 eV) are shown.

position.N*-acetylIGGGGKGGGR was incubated with 1 or ratio, the ornithine species is formed reflecting the formation
3 molar equivalents of synthetic LGEAfter 6 h atroom of levuglandinyl adducts on the original arginine. These
temperature, the samples were analyzed by LC/ESI/MS/MSresults indicate that lysine residues are more reactive than
scanning ions betweem/z 800 andm/z 1900 (Figure 7). arginines and validate our hypothetical mechanism for the
We predicted that formation of a lysyl-LG adduct would formation of BLU adducts depending on spontaneous hy-
yield an ion atm/z1074.5 and that formation of LG adducts drolysis of the bis(levuglandinyl) adduct on arginine.

at both the lysine and the arginine residues also would modify Reaction of Leuglandin with Arginines of Proteinslo

the arginine residue to an ornithine (Figure 3) yielding an assess whether BLU adducts would form from proteins
ion atnmy/z1032.5. As shown in Figure 7, the lysyl-LG species incubated in the presence of a ratio of L&Z& amine groups
(m/z 1074.5) is the predominant species formed in the of less than one, we incubatgdamyloid (A51-42), histone,
presence of 1 molar equivalent of LgEAt a higher molar or human serum albumin (HSA) with 5 molar equivalents
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357 are more reactive than the guanidino group of arginine and

. that formation of BLU adducts using a synthetic peptide
30 [] Arginine . )

- o required a concentration of LGB excess of the concentra-

25 Ornithine tion of lysine. However, when the reaction was carried on
with proteins and 5 molar equivalents of Lg e observed
a strong signal corresponding to the BLU adductsnat
15 691.4. Human serum albumin contains 61 lysines and 28
arginines, which gives a molar ratio of LGE free amines

201

Amino acid content (arbitrary unit)

101 y of 0.04. This implies that the BLU adducts were formed even
s // in the presence of excess lysine. These results are important
/ because they suggest that protein microenvironment could

—— /] . modify the reactivity of certain arginines, leading to the

AB AB,,+LGE, formation of BLU adducts in conditions where levuglandins

FiGURE 9: Arginine is modified into ornithine after reaction of ~are generated in small amounts. Also, we have shown that
ABi-12 with LGE,. After incubation of A8;_;, with 5 molar BLU adducts were formed by reaction of PGH-derived LG

equivalents of LGEfor 24 h, the protein was hydrolyzed with 6  with arginine residues in PGHS-1 following arachidonic acid
N HCI at 110°C for 15 h. The amino acid content was analyzed oxygenation by the enzyme (data not shown).

by ACCUTAG derivatization. The values for arginine and ornithine . . . . . .
before and after reaction with LGEre shown. The reaction of LG with arginine residues in proteins

provided the basis for a hypothesis that substitution of an

of synthetic levuglandin. After 24 h incubation, the reaction Ornithine for arginine as the result of cyclooxygenase activity
mixtures were subjected to LC/ESI/MS/MS. Selected reaction ©r lipid peroxidation would produce a novel posttranslational
monitoring chromatograms for the daughter ions of anhy- modification of proteins. Pursuing this hypothesis, we
drolactam-anhydroSchiff base BLU adduct could be de- demonstrated that the arginine present ifi, A, was
tected from HSA, histone, anamyloid, as shown in Figure ~ modified to ornithine following reaction of LGE This
8. These results clearly indicated that BLU adducts were finding provides a basis for determining the presence of this
formed after incubation of proteins with LG conditions posttranslational modification in proteins in biological samples.
that did not require levuglandin in excess of the lysine  We have observed that the formation of BLU adducts also
residues. occurs when LGEis incubated directly with urea in solution

Generation of Ornithine Following Reaction of Protein (data not shown). Free arginine is present at high concentra-
with LGE. To demonstrate formation of ornithine as a result tion in biological systems such as plasma{84 M), CSF
of reaction of LGE with arginine residues in proteins, we (224M), and brain (0.+0.2 umol/g wet weight) {4—17).
incubated 28;_, with 5 molar equivalents of synthetic LGE 1 herefore, reaction of LGEwith either free urea or free
for 24 h. After acid hydrolysis, the amino acid content was arginine could represent a hypothetical mechanlsm of det_OX|-
analyzed by ACCUTAG derivatization. The results indicated cation of levuglandins by the body, leading to less reactive,
that the arginine content was decreased after reaction withS0/uble molecules that could be excreted more easily.
LGE; and that it was paralleled with the appearance of [N summary, we have characterized the nature of the
ornithine, which is not naturally present inf 4, (Figure ~ adducts formed by reaction of-keto aldehydes with
9). These data identified a posttranslational modification arginine. We have shown that formation of the soluble BLU
resulting from covalent eicosanoylation of arginine residues, @dducts from proteins leads to a novel posttranslational

which is associated with a change in the peptide structure Modification that yields ornithine in place of the original
from a highly polar guanidino group to a primary amine. ~ arginine. The fact that BLU adducts could be formed from

both levuglandins derived from the PGHSs and isoketals
DISCUSSION formed by lipid peroxidation broadens the potential impor-
] ) _ tance of these molecules in pathobiology to include both
Our studies have characterized a novel class of levuglandinpGHs activity and oxidant injury. These findings provide a
adducts that are derived from reaction of LGEith the  pasis for the development of specific analytical tools for their
guanidino group of arginine. Levuglandins aréeto alde-  detection and quantification in explorations of their formation
hydes that form covalent adducts with free amines containedin pathologic conditions and after pharmacologic intervention
in proteins B), DNA (3, 4), and polyamines?). They are in vivo.
formed from PGH by nonenzymatic rearrangemeit ).
They also can be formed by lipid peroxidation, yielding 64 ACKNOWLEDGMENT
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