
REPORT DOCUMENTATION PAGE Form Approved 

OMB NO. 0704-0188 

Pubte fapomng burden for «ha eoHaeson 0« mtamatwr. ü artmatad to avatagt 1 hour par raaponat. «»ud^ th« 1^ ler ra*»r^ miSuakro, »aan*uno aratrro dati ^ 
(Bthtrmg and maintaining tha data IMM. and eompMng and ravwwing tha eoHaetion of intormation. Sand eemmarrl regarding «hs burdan ecbmatw or any other aweet of thai 
aeüacpon or ■nturniauun. «»aud.no «upowoon« for reduong th» burden, to Washington Haadquanar» Sarwoet, OuactDrat» for Mormaton Oeanmon* and Rapona 1?1SJa«aaaon 
Daw» Highway. Suite 1204, Arlington, VA 222M-430Z and» the Office of Manage^mandSudoet, Paperwork Reduebon Project (0704-OlBgWartSngtoTp?»50? •""—" 

1. AGENCY USE ONLY (LHVt MamV 2. REPORT DATE 
25 October 1997 

3. REPORT TYPE AND DATES COVERED 
Final Prog. 15 Aug 1994 - 14 Aug 1997 

4. TITLE AND SUBTITLE 

ANTIFREEZE POLYPEPTIDES AS BIOMINERALIZATTON MODELS 

6. AUTH0R(S) 

Richard A.  Laursen 

7. PERFORMING ORGANIZATION NAMES(S) AND ADDRESSES) 

Trustees of Boston University 
881 Commonwealth Ave. 
Boston, MA 02215 

9.   SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Aimy Research Office 
P.O. Box 12211 
Research Triangle Park» NC 27709-2211 

11. SUPPLEMENTARY NOTES 

5. FUNDING NUMBERS 

DAAH04-94-G-0308 

6. PERFORMING ORGANIZATION 
REPORT NUMBER 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

ftto 35.?/ Y. &-LS 

Theviews, opinions and/or findings contained in this report are those of the authorfs) and should not be construed as 
an official Department of the Army position, policy or decision, unless so designated by other documentation. 

12a. DISTRIBUTION /AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

13. ABSTRACT (Maximum 200 words) 

12 b. DISTRIBUTION CODE 

DTTC QUALITY INSPECT»** 

During the past three years we have focused on three specific aims: (1) understanding the 
mechanism of ice-binding by antifreeze polypeptides (AFPs), (2) synthesis and characterization 
of peptides (CBPs) that alter the morphology of a mineral, calcite, and (3) characterizing the 
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face of calcite. This peptide has a remarkable effect on calcite crystal morphology: at low 
temperatures, in its helical form, it does appear to bind to a prism face, but when the peptide is 
unfolded, it causes epitaxial growth off the rhombohedral surfaces of calcite seed crystals, 
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IV. BODY OF REPORT 

A. Statement of Problem Studied 

Our specific aims as stated at the beginning of this award three years ago were (1) to test our 
previously formulated ice-binding hypotheses by studying other type I antifreeze polypeptides 
(AFPs), e.g., from sculpin; (2) to design an optimal helix template in order to (3) synthesize a 
calcite-binding peptide (CBP); (4) to study the effect of the CBP on calcite crystal morphology; 
and (5) to study the effects of growing calcite crystals in gels. We have made significant 
progress towards the first four aims, and in addition have made an interesting discovery of a new 
class of AFP, as described more fully in publications and manuscripts (see part C below and 
Appendix). 

B. Summary of Most Important Results 

1. Discovery and characterization of a new type of antifreeze protein. While attempting to 
repeat the isolation of a previously described type I AFP from sculpin, we happened to discover 
in the longhorn sculpin, which reportedly contained no AFP, the first example (called LS-12) of 
an entirely new class of AFP. We have purified LS-12, determined its entire amino acid 
sequence, as well as the DNA sequence encoding the precursor protein. LS-12 contains 108 
amino acids and, based on chemical, spectroscopic and computational analysis, probably folds to 
form a four-helix bundle with a hydrophobic core and a polar surface, which contains many of 
the amino acids (Thr, Gin, Ser) typically associated with ice-binding. The significance of this 
new AFP is that the ice-binding face probably is comprised of two helixes and thus may have a 
larger, flat area than seen in other types of AFP. Thus helix bundle structures, which are rather 
rigid, could be useful templates for constructing other crystal binding proteins. 

Ice crystals formed in the presence of LS-12 grow as hexagonal right trapezohedra, rather 
than hexagonal bipyramids seen with type I AFPs.  Analysis of the geometry of these crystals 
suggest that LS-12 is binding to the {3121} adsorption plane, though we have not yet 
formulated a detailed protein-ice binding model. 

2. Structure-Function studies on type I AFPs. To better understand the requirements for 
ice-binding in the a-helical type I AFPs, we made a series of analogs of the winter flounder AFP 
in which the four Thr residues thought to be involved in ice binding were systematically replaced 
by Ser, the side chain of which has more rotational mobility than Thr on a helix surface. We 
found that only the two central Thr residues (at positions 13 and 24) were critical for antifreeze 
activity, suggesting that the binding domains may be limited to the central portion of the helix. 
We have also synthesized a 45-residue AFP (SS-8) from shorthorn sculpin, in order to 
demonstrate that we can make a peptide this large, and obtained a product that has good activity. 



We plan to do structure-function studies using analogs of SS-8 to better define the ice-binding 
motifs for this AFP, which are currently unknown. 

3. Control of calcite crystal morphology by a peptide designed to bind to the prism face. 
We have synthesized an a-helical peptide (CBP1) designed to bind to the (l 10) prism faces of 
calcite, and found that it alters the morphology of growing calcite crystals in a rather striking 
way (Figure 8). When added to growing rhombohedral seed crystals, CBP1 can have two very 
distinct effects: at 3°C, where CBP1 is 89% helical, the crystals assume a prismatic habit; at 
25°C, where CBP1 is largely unstructured, studded crystals result from epitaxial growth off each 
of the six rhombohedral surfaces. Furthermore, when the peptide is removed from the growth 
medium, the crystals regrow to express the more stable rhombohedral faces. We believe that the 
epitaxial type growth results from non-specific binding of a polyanion, since other acidic 
peptides and even poly(methylmethacrylate) cause similar growth. Much of our recent effort has 
been to try to characterize the surfaces of these new crystals, using a variety of techniques: x-ray 
powder diffraction, scanning electron microscopy, atomic force microscopy, confocal 
microscopy, etc.-not all of which have been very helpful, the problem being that the crystals are 
very small and the newly expressed surfaces are not smooth. Nevertheless, we have 
demonstrated, we believe for the first time, that a polypeptide of defined structure can alter the 
morphology of a mineral in a remarkable way, resulting in several forms, depending on growth 
conditions. 

4. Helical phosphopeptides appear to bind to the basal faces of calcite. We have 
synthesized a series of helical peptides, modeled after AFPs, in which one or more Thr residues 
are substituted by phosphoserines. These phosphopeptides cause calcite crystals to assume a 
rounded shape, which can most easily be explained by binding to the basal plane of calcite. 
Molecular modeling suggests a reason for this. Unlike a carboxylate group (e.g., on the side 
chain of Asp), which is planar and can replace a carbonate in calcite by lying in the same plane, 
the phosphate group is tetrahedral and can best replace a carbonate by binding perpendicular to 
to the calcium ion layer 

5. Relationship to ARO Mission 

The objective of this project has been to gain fundamental information about the mode of 
interaction of polypeptides with crystalline inorganic surfaces, and to learn how to control crystal 
size, shape and deposition. As such, this work cuts across several areas of interest to the ARO: 
structure-activity relationships of macromolecules and protein interactions (Biosciences); the 
chemistry of interfaces and surfaces (Chemistry); and the synthesis and processing of materials, 
such as composites (Materials Sciences). Bone and Shell are examples of biological composite 
materials which have great strength due to protein-mineral interactions. 

C.   Publications and Technical Reports 

1.   Publications and manuscripts 

a. G. Deng, D. W. Andrews and R.A. Laursen, Amino Acid Sequence of a New Type of 
Antifreeze Protein, from the Longhorn Sculpin, Myoxocephalus octodecimspinosis, FEBS 
Letters 402,17-20(1997). 

b. D. B. DeOliveira and R.A. Laursen, Control of Calcite Crystal Morphology by a Peptide 
Designed to Bind to a Specific Surface, J. Am. Chem. Soc. (in press). 



c. Z. Zhao, G. Deng, Q. Lui and R.A. Laursen, Cloning and Sequencing of cDNA Encoding 
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Department of Chemistry, Brown University, Providence, RI (4/9/96). 

b. R.A. Laursen, D. Wen, G. Deng and D. DeOliviera, "Binding of a-Helical Peptides to 
Crystal Surfaces," Fifth Antifreeze Protein Workshop, Toronto, ON, October 20-21,1995. 

c. G. Deng* D. Andrews and R.A. Laursen, "Structure of a New Type of Antifreeze Protein, 
from the Longhorn Sculpin, Myoxocdphalus octodecimspinosis", 10th Symposium of the 
Protein Society, San Jose, CA, August 3-7,1996. 

d. R.A. Laursen, D.W. Andrews and G. Deng, "Structure of a New Type of Antifreeze Protein, 
from the Longhorn Sculpin, Myoxocephalus octodecimspinosis," Xlth International 
Conference on Methods in Protein Structure Analysis, Annecy, France, September 1-5, 1996. 

e. R.A. Laursen, "Antifreeze Polypeptides: Models for Understanding Biomineralization and 
the Control of Crystal Morphology," C.N.R.S., Gif-sur-Yvette, France (9/6/96). 

f. W. Zhang and R.A. Laursen, "Effects of Serine Substitution on Activity of an Antifreeze 
Polypeptide," 11th Symposium of the Protein Society, Boston, MA, July 12-16,1997. 

g. D. DeOliveira and R.A. Laursen, "Control of Calcite Crystal Morphology by a Designed 
Calcite Binding Peptide," 11th Symposium of the Protein Society, Boston, MA, July 12-16, 
1997. 

h. Z. Lian and R. A. Laursen, "Synthetic Phosphopeptides which Bind to the (001) Basal Face 
of Calcite," 11th Symposium of the Protein Society, Boston, MA, July 12-16,1997. 

D. Participating Scientific Personnel 

Richard A. Laursen (P.I) 
Gejing Deng (Ph.D. awarded May 1997) 
Daniel DeOliveira (Ph.D. expected May 1998) 
Wei Zhang (Ph.D. Candidate) 
Zhirui Lian (Ph.D. Candidate) 



V. REPORT OF INVENTIONS 

An invention disclosure describing calcite crystal morphology modification by peptides of 
defined sequence and by polyanions will be filed shortly with the Boston University Patent 
Office. 
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