L]
[l &
SRCRIT C_ASSFCa” QN 137 Ty JaGe [

3 .
_ ' - !:’_g ; CPMENTATION PAGE

- v -. v o gD RESTRICTIVE VIARKINGS
ELECTEER” W

AD_AZOO 224 CT1 3 08B S0 Wou T ON: AVALABILITY OF REPORT.

h : Distribution unlimited
& PERFORMING ORGANIZATION REPORT NUMBER(S) H oy §. MONITORING ORGANIZATION REPORT NUMBER(S)
University of Delaware {48581 - SO ~"*r . NA
6a. NAME OF PERFORMING QRGANIZATION 60 OFFICE SYMBOL | 7a. NAME OF VIONITORING ORGANIZATION
(If applicable)
.l University of Delaware NA Office of Naval Research
€c. ADDRESS (City, State, and ZIP Code) 7b. ADORESS (City, State. and ZIP Code)
77-79 East Delaware Avenue 800 N. Quincy Street
Newark, DE 19716 Arlington, VA 22217-5000
8a. VAME OF “UNDING / SPONSORING 8b. OFFICE SYMBOL |9 PROCUREMENT INSTRUMENT IDENTIFICATION NLMBER
QRGANIZATION i (If applicabie)
Office of Naval Research ONR NOOO14-86-KO0717
8c. ADDRESS (City, State, and 2IP Code) 10 SOURCE OF FUNDING NUMBE2S
PROGRAM PROJECT TASK WORK UNIT
800 N. Quincy Street ELEMENT NO NO. NO. ACCESSION NO
Arlington, VA 22217-5000 61153N RRO4106 431g002 —-——

11 TITLE (Incluae Secunty Classification)

(u) Polymerization of a Quinone-Crosslinked Marine Bioadhesive Protein

12. PERSONAL AUTHOR(S)
Herbert Waite

13a. TYPE OF REPORT 13b. TIME co E2€E 14. DATE OF REPORT (Year. Month, Day) hS. PAGE COUNT
Annual & Final raom _ 9/1/86 To 8/30/89 88/10/5

‘6. SUPPLEMENTARY NOTATION

17 COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP
U8 Dopa-proteins, Bioadhesive, cross-links

19. ABSTRACT (Conrmue on reverse if necessary ana identfy by block number) O v P
«:Qhe marine adhesive proteins of some six different invertebrates have

been isolated and partially sequenced. These proteins are characterized by
having high isoelectric points and high levels of lysine and Dopa. There are
few unifying features in the primary sequence. All of the proteins have repeat
sequences with consensus peptides ranging from 4 to 10 amino acids. Most of
these have C-terminal lysine and Dopa flanked on at least one side by glycine.
The cross-linking of these proteins is mediated by catecholoxidase. This enzyme
catalyzes the conversion of Dopa to o-quinone. The latter tautomerizes to aq,8-
dehydro functional groups that are again oxidized by the enzyme, this time to
a, B~dehydro Dopaquinone. The latter is expected to undergo a diverse assortment
of nucleophilic addition reactions.( S

N
20. OISTRIBUTION/ AVAILABILITY OF ABSTRACT : 21. ABSTRACT SECURITY CLASSIFICATION
Blunclassirieounumiteo O same as R ] OTIC USERS u)
22a NAME OF RESPONSIBLE \NDIVIDUAL 22b. TELEPHONE (Include Area Code) | 22¢. OFFiCz SYMBOL
Michael Marron, Ph.D. (202)696—4(]60 ONR
DO FORM 1473, 8a Mmar 83 APR eait:on May be used until exnausted. SECURITY CLASSIFICATION OF THIS PAGE
DISTRIBUTION STATEMENT A All other editions are obsolete.
Approved for public release;

Distribution Unlimited : 88 1012 006




DATE: 1 October 1988
ANNUAL AND FINAL REPORT ON CONTRACT: NOOO14-86-KO717
PRINCIPAL INVESTIGATOR: J. Herbert Waite
CONTRACTOR: University of Delaware, College of Marine Studies

CONTRACT TITLE: Polymerization of a Quinone-Crosslinked Marine
Bioadhesive Protein

START DATE: 1 September 1986

RESEARCH OBJECTIVE: The main objectives of this research are A.

to survey the diversity of DOPA-containing marine adhesive proteins
or cements, and B. to examine the chemical mechanism of quinone-

tanning (i.e. cross-linking) of DOPA-containing proteins.

PROGRESS (Year 3): SEQUENCE STUDIES - The adhesive proteins of

four organisms in addition to those from the original mussels,

Mytilus edulis and Eb californianus, have been characterized and

partially sequenced. Consensus peptides from these proteins are

shown in Table 1. Consensus peptides are those often repeated in
the primary structure of the respective proteins but they are not
necessarily the only sequences in the proteins. The three mussels

Mytilus edulis, M. californianus and G. demissa all share the motif

Z~Dopa/Tyr-X-Y-Z-Dopa/Tyr-Lys
where Z is Ser at Thr in the two species of Mytilus and Gly in
Geukensia. X and Y are usually 3- or U4-Hyp in Mytilus and variable

in Geukensia, although Y is frequently pro/Hyp. The fourth mussel

listed in Table 1, Aulocomya ater, from the southern coast of Chile,

has a much shorter consensus sequence with only one DOPA per peptide
seven amino acids long. The variable sixth position X is a

hydrophobic amino acid. Lysine in position 7 is as often

e
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.I hydroxylated (8-hydroxylysine) as not. The reef-building polychaete
secretes a composite marine cement that has a glycine-rich consensus

peptide with 2 DOPAs (per nine residues) separated from one another

by a single glycine. 1In the trematode Fasciola, Dopas are commonly
separated from one another by 2 amino acids (Glys, Asp, Ser) and
from C-terminal lysine by a single Gly. The second Fasciola protein
sequenced is distinct from all others in containing no Lys, in its
low MW, and in having the lowest pl. A consensus peptide,
GlyHisGlyDopa, repeated perhaps 6-8 times i{s inferred from products
of digestion by pepsin.

The diversity of DOPA-bearing sequences encountered thus far
in naturally occurring proteins that undergo quinone-tanning suggest
that this process is not restricted to a single monolithic sequence
and that further unique and as of yet unknown functions may be

served by the sequences of these proteins.

CROSS-LINKING STUDIES

In an attempt to elucidate the nature of the chemical speci

participating in curing of adhesive protein by covalent
crosslinking, we have investigated the oxidation products of a

synthetic peptide analogue, N-acetyl-DOPA ethyl ester (NAc-DEE),

together with other related substances, under conditions felt to s§1on ?S?
GRAXTY

approximate the salinity and pH found in the native environment of TAR J

acunted |
the mussel Geukensia demissa. We have observed that the quinones Fleatiocn____ ___

e e
derived from DOPA-containing molecules such as NAc-DEE undergo a  ___ .
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novel oxidative rearrangement to fcrm a catecholic enamic acid lability Codiiﬁuq
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derivative. This derivative, N-acetyl-a,B-dehydroDOPA ethyl ester,
was characterized by taking advantage of the unique difference
spectra between borate and HCl solutions of catechols bearing,
a,B-unsaturated carbons. Any loss of the unsaturation would result
in the formation of a tetrahedral carbon adjacent to the ring,
with the concomitant loss of the characteristic spectra. Provided
no de-acetylation or de-esterification had occurred, a,B8-dehydroDOPA
ethyl ester then has the probable structure shown in Fig. 1C.

The rearrangement of the quinone to form an a,R-desaturated
DOPA derivative was probably spontaneous, for the following reasons.
Firstly, the rearrangement occurred following enzymic oxidation
utilizating either mushroom tyrosinase or byssal catechol oxidase,
which suggests that the precise nature of the active site is
irrelevant for the reazrrangement. Secondly, the reaction was
inhibited by ascorbate, which suggests that the quinone must first
dissociate from the enzyme, where an enzyme is used for oxidation,
before the rearrangement occurs. Thirdly, the rearrangement was
effected by non-enzymic oxidizing agents.

The significance of these observations is potentially far-
reaching. Our oxidation studies suggest that the yield of «,8-
dehydroDOPA moieties from DOPA analogues can be quite high. Side
reactions, such as the inter~ and intramolecular Michael-type
addition reactions occurring when DOPA or dopamine are oxidized,
were avoided by using only N-acetylated DOPA analogues, (or, where
appropriate, substrates lacking a free amine group). These data and

preliminary observation on synthetic DOPA-containing decapeptides
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suggest that perhaps 50% of oxidized DOPA moieties (i.e. DOPA
quinones) might undergo this rearrangement under appropriate
conditions. Co ~quently, since the rearrangement appears to be
spontaneous, oxidized DOPA residues in adhesive proteins may yield
significant amounts of a,B-dehydroDOPA, or derived substances.
Furthermore, HPLC analyses of hydrolysates of mussel byssus, which
contains much DOPA protein, gave results consistent with the
presence of large amounts of byssal non-DOPA catecholic moieties
similar in nature to a,8-dehydroDOPA.

Although the presence of these novel oxidation products of
DOPA residues in natural adhesive peptides has not yet been
unambiguously confirmed, nevertheless, current evidence strongly
suggests that they exist. Since enamines, which are very reactive
molecules, participate in reactions quite different from those of
quinones, the -nature of the hardening process in bioadhesives
containing o-quinonyl enamine residues may be radically different
from that hitherto anticipated, and may have important consequences

for the structure and properties of cured adhesive.
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Table 1. Summary of consensus sequences from various Dopa-containing proteins
in nature. Symbols used for Dopa and hydroxyproline are YOH and
POH, respectively.

Species Mr (kD) pI Sequences #Repeats

PHYLUM MOLLUSCA

Mytilus edulis

byssal adhesive 130 >10 AKP(OH)SY(OH)POHPOHTYOHK>60
AKPTY (OH)K 13
M. californianus 85 >10 ISYOHPOHPOHTYOHKPOHK 15
byssal adhesive
Geukensia demissa 130 8.2 QTGYOH X1X2GY(OH)K >50
byssal adhesive A/TGYOHX1X2GY (OH)K 10

X1 = hydrophobic amino acid
X2 = pro; hyp

Aulocomya ater
byssal adhesive 120 9.0 AGGYOHG X K(OH) >20
X = hydrophobic, branched chain

PHYLUM ANNELIDA

Phragmatopoma
californica cement 35 8.4 X GGYOHGYOHGAK >20
X = hydrophobic,
branch chain

PHYLUM PLATYHELMINTHES

GGGYOHX1X2Y0H G K ?
GHGYCH 6

Fasciola hepatica 31
eggshell precursor 10

o
o

X1X2 = Gly, Ser, Asp




