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The design and rapid construction of libraries of genes coflisgeet forming repetitive and block-copolymerized
polypeptides bearing varios andN-terminal sequences are described. The design was based on the assembly
of DNA cassettes coding for the (GA&3X amino acid sequence where the (GAGAGA) sequences would constitute

the -strand units of a larges-sheet assembly. The edges of thisheet would be functionalized by the turn-
inducing amino acids (GX). The polypeptides were expressé&aterichia coliusing conventional vectors and

were purified by Ni-nitriloacetic acid (NTA) chromatography. The correlation of polymer structure with molecular
weight was investigated by gel electrophoresis and mass spectrometry. The monomer sequences and post-
translational chemical modifications were found to influence the mobility of the polypeptides over the full range

of polypeptide molecular weights while the electrophoretic mobility of lower molecular weight polypeptides was
more susceptible t€- and N-termini polypeptide modifications.

Introduction processes would enable the sequential engineering of genetic
' . . ' blocks and therefore unigue block polypeptides.

The preparation of genetically engineered protein-based oncatenation has been used to create self-ligated DNA with
polymers, where the polypeptides can be prepared with precise, y ariable number of monomeric tandem repeat sequences. For
pontrol of.t.he sequence, molgcylar weight, and stereochgmlstry,effective single-step processes, cyclization of the growing
is an exciting and very promising area of polymer chemistry.  5jigomer must be obviated by the method of McPerson &t al.

A unique aspect of genetically engineered polymeric materials \yhere special pendent DNA sequences are incorporated in the
is that the preparation of the biochemical polymer template, jigation reaction mixture to serve as “chain terminators” thereby
synthesis of the coding DNA sequence, is required only once. nromoting formation of polymers with the desired molecular
Subsequent biosynthetic processes obviate the need for d'ﬁ'cunweight. Often with this method, the yield of high molecular
or complex synthetic manipulations. In particular, modem \yeight concatemers is relatively low. Other approaches to the
cloning techniques facilitate the systematic substitution of unique synthesis of high molecular weight concatemers are based on
or regular sites in very large polymers. _the repetitive ligation of pairs of DNA molecules which results

Rational design of polypeptide-based polymers that fold via i 5 stepwise, geometric, increase in the DNA molecular wéight.
established rubrics to form specific secondary structures enablesy sjight modification of this strategy coupled with sequentional
the programming of those mechanical or physical propérties |igation of the obtained concatemers into a vector can be
into the sequence that may be desirable for drug defitéyr employed for preparation of elastin-like block-copolymis.
protein purificatiort The construction off-sheet forming  after hydrophilic and hydrophobic blocks in separate DNA
polypeptides with utility as constructs for the study/béheet  assettes were encoded, each cassette was concatenated inde-
folding,® aggregation, or amyloid formatiét® is possible.  pengently, and the concatenated blocks were joined. When
Ultimately, the self-assembly of such molecular building blocks  introduced via sequential ligation, the desired block oligomers
may also find applications in modern narllotechno.lﬁgcy7 where are formed yet the necessary head-to-tail structure is maintained
precise dimensional control and selective functionalization are i, he copolymers. These approaches guarantee the correct fusion
crucr:al. tor the biological hesis of order but require extensive cloning.

T _e_most common strate_gy or the lologica synt 1€sis 0 In this article, a strategy for the rapid creation of repetitive
repetitive polypeptides requires the chemical synthesis of the . o e jibraries is reported. Constructed from small DNA

DNA coding sequence for the construction of a doublg-stranded cassettes comprised of approximately 24 nucleotides coding for
DNA cassette, subsequent enzymatic concatenation of theeight amino acids in a sequence designed to form a single
cassettes, and expression of the polypeptide in suitable cellular . . . .
systen® The mosfdifficult step ir? t%z strategy is the rapid [-strand and a smgle turn,_these libraries can be combined to

. - . = form de novo designed antiparaljglsheet structures. Planned
precise, and flexible concatenation or block-copolymerization

studies of the fundamental propertiesbgheet structure will
of double-stranded DNA cassettes. Successful methods for theseemploy these polypeptide libraries for the systematic investiga-
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suitable for assembly of different building blocks and for digested byBanHI and EccRI, and the desired fragments were
preparation of homorepetitive units, our strategy makes possibleseparated by agarose gel electrophoresis, purified using QIAquick Gel
concatenation of two different cassettes which can then be Extraction Kit and eluted with TE (pH 8.0) 100 to give 19a(pUC18/
oligomerized in a second-level concatenation step to form a newBamHI-EcoRl) and 40uL to give 19b (pET-28aBarrHI-EcoRl). One
binary-derived DNA construct. By straightforward extension, ©f PET-28a-c vectors (&g, Novagen, Inc., Madison, WI) was digested
further combination of various binary or single DNA cassettes With Ncd andBarHI and then was purified by the same way to give
allows easy construction of more complex yet still oligomeric 19¢ (PET-28Ncd-BanHl). pET-9a (1ug, Novagen, Inc., Madison,
DNA sequences. Specific adaptive DNA sequences that intro- W!) Was digested wittNde and BarH| to give 19d (pET-9aNdé-
duce the appropriate endonuclease restriction sites are uniquel)?a"H')'
utilized in the terminal concatenation steps. Other adaptive DNA  First-Generation Repetitive Polypeptides: A2-frs and A2-(YE)..
sequences are employed to introduce specialized fusion con<@) Concatenation of 1 (8F) and 2 (l6FI)h_e ollgqnucleotlde s_olutlons
structs at both th&l- andC-termini of the peptide chain. These 10(2';)02”;2 i(nler?riiiﬂgfeigg)()\c,)vire(cr)mzﬁd V‘I’_';h g‘g gggggvgiEgA
i - i 1 (0.22 pl),

copoacies bl leton fhe Bt popepide core VEE L oy 1o and el s 5

. for 5 min. Then, T4 DNA ligase (&L) and the supplied ligation buffer
tant parameters as polypeptide length (the number of repeats)

¢ bstituents. strand hitect ificallv located ch (1 uL) were added, and then the system was allowed to incubate at
urn substituen ‘.5’.3 rand archi ep_u_re, Speciiically located charge,, °C overnight or longer. The resulting population of oligomers bearing
and hydrophobicity or hydrophilicity.

the adaptive sequence at both termini was subjected to electrophoresis
on agarose gel. Oligomerized mixtures with the desired molecular
Materials and Methods weight were excised from the gel, were purified, and were precipitated
o o with EtOH in a 0.6-mL microcentrifuge tube.
Restriction endon_ucleases and modifying enzymes were pu_rchased To the each tube was added vector soluti®a (pUC18BarHI-
from New England Biolabs (Beverly, MA) unless otherwise mentioned. EcaRI) (2 L), PEG800O (final concentration at 4%), T4 DNA kinase
Inoue ultra-competent and electrocompetent cells of XL1-Blue (Strat- (0.25 uL), the supplied kination buffer (0.5L), and HO (up to 5

agene, La Jolla, CA) and DHd5” (Invitrogen, Carlsbad, CA), were uL), and then the mixture was incubated at°&7for 30 min. T4 DNA
prep'alfe'd, transformed, _and selectgd on LB_' agar plates ContalnlngIigase (0.2%:L) was added at room temperature, and the mixture was
ampicillin (l_OO/tg/mL) with blue-white selection for pUC18 _clones incubated at £C overnight or longer. The ligation mixture was used
I(')r kanamycmh Sg;a(tf (50ig/mL) f|<l)r F}E;LZRSDCé%neS gcgfs'ggg;o to transform XL1-Blue or DH&F' cells. Plasmids of selected colonies
|tLerange metho h. Enfqutel\Tt cells OI I\EI di )anWI BL(R DE)3 were isolated and afteBanH!| digestion were examined for the
pLysséNAelr?eEpurc ase rorg ¢ ova%eLné ché ? |sofn, )('j b (L S) appropriate fragment sizes. Plasmids harboring 13 repeats &®F (
PLySSh was prepared from ( ) transforme Y PLYSS- 8F13) and 4 repeats of 16YRY, 16YF4) were selected and used for
RARE isolated from Rosetta(DE3)pLysS (Novagen, Inc., Madison, WI), further oligomerization

and the standard competent cells were prepared according to literature ) . .
methods (glycerol was added at 15% to prevent the autolysis upon (b) Co_nstructlon of Expression Vectors for 8_F and 16YF Repetiti
thawing)® Plasmids and DNA fragments separated by agarose gel - ClYPeptides20 (8F13) and21 (16YF4) were digested bgsd, and
electrophoresis were purified using QIAprep Spin Miniprep Kit and fragments of the oligomerized units were isolated, purified, and

QIAquick Gel Extraction Kit (Qiagen Inc., Valencia, CA), respectively. rect_JrsiveI_y oligomeriz_ed with ada_p_tive sequ_eﬂéiaas ‘_’es"”??‘d- The
Repetitive polypeptides are represented first by Mierminal desired oligomer was isolated, purified, and ligated with recipient vector

sequence and then the repeat unit and finallyGHerminal sequence. 19b (pET-28aBan1—|I-Ecc_RI_), anq the regultant ligation mixtur_es were
The number preceding the repeat sequence refers to the total numbepsed to transforrizscherichia coli Plasmids of selected colonies were
of amino acid residues in a single monomer unit, and the suffix value 'SC/ated and, afteNca-BanHi digestion, the fragment sizes were
indicates the number of repeats. For example, 32YEHK7 and 16YF12 determlneg. Plasmids har?orlng 13 repeats ;ijBE PET-28a/A2-
represent 7 repeats of 32-amino acid unit (&3Y(GA)sGE(GARGH- _8':13_)_ and 12 repeats o 16YF2_% pET-28_ A_2-16Y_|:12) were
(GA):GK and 12 repeats of 16-amino acid unit (GBY (GA):GF identified. A schematic representation of cloning is depicted in Figure
respectively. To simplify, the same compound number was used for < ) ) o )

both the constructed expression vectors and the repetitive polypeptide Second-Generation Polypeptide Libraries. Construction of Ex-

of that vector product unless specified. pression Vectors of Repetitive Polypeptides Libraries: 27 (H6-
Synthetic DNA for Monomers and Adaptive SequencesSe- (32YEHK)N-H6), 28 (C2-(32YEHK)N-HE), 29 (H6-(32HKYE)n-H6),

quences of synthetic DNA for coding units and adaptive DNA are listed 30 (C2-(32HKYE)n-H6), 32 (A2-32YEHKn), 36 (H6-16YEN-H6),

in Figure 1. Each DNA coding pait (8F), 2 (16YF), 3 (8Y), 4 (8E), 37b (H6-(YE8HKS8)n-H6), 38 (H6-(HK8YE8)n-H6), 39 (H6-

5 (8H), and 6 (8K) was mixed at 20 mM and the’ ®nds were 32KYEYn-H6), 40 (C2-32KYEYn-H6), and 41 (C2-32YKYEn-H6).
phosphorylated for 30 mirot1 h at 37°C using T4 polynucleotide (&) Assembly o8 (8Y),4 (8E), 5 (8H), and6 (8K) for Construction of
kinase (New England Biolabs, Beverly, MA) and then were annealed Repeating Unit24a(16YE),25a(16HK), 16YK nitially, 3 (8Y) and

with simultaneous deactivation of T4 polynucleotide kinase. The 5 4 (8E) were copolymerized with adaptive sequebend were cloned
end of each of the oligonucleotides unitb, 8a, 9b, 10a, 11b, 12b, to 19ausing the method described for construction of expression vectors
133 and14bwas phosphorylated for 30 min L h at 37°C, and then ~ 8F and 16YF. Plasmids harboring dimeriZ&th (16YE), 24b (16YY),

the kinase was deactivated at 8D for 20 min. To each solution was ~ 24¢ (16EY), and24d (16EE) were identified. Similarly, plasmids

added the respective complimentary oligonucleotiss8b, 9a, 10b, harboring25a (16HK) were prepared frord (8H) and6 (8K) along

11a 123, 13b, and14aat a final concentration of 20 mM. The mixtures ~ With 25b (16HH), 25¢ (16KH), and25d (16KK).

were then annealed to give(A1-1), 8 (A1-2), 9 (A2-1), 10 (A2-2), (b) Assembly of24a (16YE), 25a (16HK) for Construction of
11 (A3-1-H6), 12 (Ndel-A3-1-H6),13 (A3-2-H6), and14 (A3-1-C2), Repeating Unit6a (32YEHK),26b (32HKYE).An equal number of

respectively. The resulting internally phosphorylated adaptive sequencesplasmids harboring4a(16YE) and25a(16HK) was digested bBsd,
were appropriately mixed to gives (A1, 7 + 8), 16 (A2, 9 + 10), 17 and the resulting mixture of 16YE and 16HK units was purified and

(H6-H6,11 + 13), 17 (Ndel-H6-H6,12 + 13), and18 (C2-H6,14 + ligated with adaptive sequend®. The desired fragments of adapted
13) at the final concentration of 1 mM (see phosphorylated sites dimers were isolated, purified, and cloned 18a (pUC18BanHI-
represented as “p” in Figure 1). EcaRl). Plasmids harboring@6a(32YEHK) were identified along with

Preparation of Recipient Vectors.pUC18 (10ug, Bayou Biolabs, 26b (16YE2 or 32YEYE), 26¢c (32HKYE), and 26d (16HK2 or

Harahan, LA) and pET-28a (1g, Novagen, Inc., Madison, WI) were 32HKHK). CDV



Repetitive Polypeptide Characterization

1 (8F) BanI BanI
a 5'-pGT GCC GGG GCT GGC GCA GGA TTT G -3
b 3'- G CCC CGA CCC CGT CCT AAA CCA CGp-5'
Gly Ala Gly Ala Gly Ala Gly Phe(Gly Ala)
2 (16YF) BanI BanI
a 5'-pGT GCC GGG GCT GGC GCA GGA TAT GGA GCT GGT GCA GGA GCC GGG TTT G
b 3'- G CCC CGA CCC CGT CCT ATA CCT CGA CCA CGT CCT CGG CCC AAA CCA CGp-5'
Gly Ala Gly Ala Gly Ala Gly Tyr Gly Ala Gly Ala Gly Ala Gly Phe(Gly Ala)
3 (8Y) BanlI BanI
a 5'-pGT GCC GGA GCT GGT GCT GGC TAT G -3!
b 3'- G CCT CGA CCA CGA CCG ATA CCA CGp-5'
Gly Ala Gly Ala Gly Ala Gly Tyr(Gly Ala)
4 (8E) BanI NgoMIV BanlI
a 5'-pGT GCC GGC GCA GGT GCT GGT GAA G -3
b 3'- G CCG CGT CCA CGA CCA CTT CCA CGp-5'

Gly Ala Gly Ala Gly Ala Gly Glu(Gly Ala)

5 (8H) BanI BanI

a 5'-pGT GCC GGT GCA GGA GCT GGT CAT G -3

b 3'- G CCA CGT CCT CGA CCA GTA CCA CGp-5"
Gly Ala Gly Ala Gly Ala Gly His(Gly Ala)

6 (8K) BanI NgoMIV BanI

a 5'-pGT GCC GGC GCT GGA GCA GGT AAA G -3

b 3'- G CCG CGA CCT CGT CCA TTT CCA CGp-5'

Gly Ala Gly Ala Gly Ala Gly Lys(Gly Ala)

7 (A1-1) BamHI  Ndel Bsal BanI
a 5'-GA TCC CAT ATG GGT CTC G -3
b 3'- G GTA TAC CCA GAG CCA CGp-5'
8 (A1-2) BanI Bsal BamHI EcoRI
a 5' -pGT GCC GAG ACC ATG GGA TCC TTA CG -3
b 3'- G CTC TGG TAC CCT AGG AAT GCT TAA-5'
9 (A2-1) BamHI BanI
a 5'-GA TCC TAT GTT TGC GGC CGC AAA TAT TCT CGC GAT CCG ATG G -3
b 3'- G ATA CAA ACG CCG GCG TTT ATA AGA GCG CTA GGC TAC CCA CGp-5'
Gly Ser Tyr Val Cys Gly Arg Lys Tyr Ser Arg Glu Pro Met (Gly Ala)
10 (A2-2) BanI Smal EcoRI
a 5'-pGT GCC TAA TAA CCC GGG G -3
b 3'- G ATT ATT GGG CCC CTT AA-5'
Gly Ala stop
11(A34-H6) NcoI BanI
a 5'-C ATG GGT CAT CAT CAT CAT CAT CAC G -3
b 3'- CCA GTA GTA GTA GTA GTA GTG CCA CGp-5'
Met Gly His His His His His His (Gly Ala)

12 (Ndel-A3-1-H6) Nde:l BanI
a 5'- ATG GGT CAT CAT CAT CAT CAT CAC G -3
b 3'- C CCA GTA GTA GTA GTA GTA GTG CCA CGp-5'

Met Gly His His His His His His(Gly Ala)
13 (A3-2-H6) BanI BamHI
a 5'-pGT GCC CAC CAT CAC CAC CAC CAT TAA G -3
b 3'- G GTG GTA GTG GTG GTG GTA ATT CCT AG-5'

Gly Ala His His His His His His stop
14 (A3-1-C2) Ncol BanlI
a 5'-C ATG GGT TGT TGC GGA GGT GGC GGT G -3
b 3'- CCA ACA ACG CCT CCA CCG CCA CCA CGp-5'

Met Gly Cys Cys Gly Gly Gly Gly(Gly Ala)
Figure 1. DNA design and sequences.

(c) Concatenation o26a (32YEHK),26b (32HKYE) and Construc-
tion of the Expression Vectors with Genes Coding Low Molecular 30a—h (C2-32HKYEn-H6,n = 1-6).
Weight Polypeptide26a(32YEHK) and26c (32HKYE) were digested

Biomacromolecules, Vol. 8, No. 5, 2007
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32YEHKnN-H6,n = 1-8), 29a—d (H6-32HKYEN-H6,n = 1-4), or

(d) Concatenation a26a(32YEHK) and Construction of Expression

by Bsd, and the resulting 32YEHK and 32HKYE fragments were Vectors with Genes Coding High Molecular Weight Polypeptides.

purified, oligomerized with adaptefis and18, respectively, and were
cloned to19c (pET-28Ncd-BanHl) to give a library of expression
vectors harborin@7a—h (H6-32YEHKNn-H6,n = 1-8), 28a—h (C2-

32YEHK fragments were further oligomerized with adaptive sequence
15, were cloned tol9a (pUC18/ BanHI-Ecdrl), and a plasmid

harboring seven repeats of 32YEHR1( 32YEHK7) was identifiedCDV
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Figure 2. Construction of repetitive DNA sequences and insertion of these genes into the expression vector.

along with other various repeats unil (32YEHK7) was digested

by Bsd, and the resulting 32YEHK7 fragment was purified, oligo-
merized with16, 17, and 18, and then was cloned tb9c (pET-28/
Ncd-BanHl) to give a library of expression vectors harborir82&—

¢, pET-28a/A2-32YEHKn,n = 14, 21, 28), 27g—i, pET-28/H6-
32YEHKnN-H6,n = 7, 14, 21), andZ8g h—k, pET-28/C2-32YEHKnN-

H6, n = 7, 14, 21, 28, 35). The representative synthetic scheme is
depicted in Figure 2 and Figure 3.

(e) Construction of (YE)n, (HK)n, and Their Block-Copolymerization
and Concatenationl6YEn, 16HKn, (16YE8-16HK8)n, and (16HK8-
16YEB8)n repetitive coding sequences were similarly prepared 2@im
(32YEYE) and26d (32HKHK). First, a library of33a(16YE4),33b
(16HK4),33c(16YE2-16HK2), and83d (16HK2-16YE?2), a collection
of 34a(16YE8),34b (16HK8),34c(16YE4-16HK4), anB4d (16HK4-
16YE4) from 33a (16 YE4) and33b (16HK4), and then a library of
35a(16YE16),35b (16HK16),35¢ (16 YE8-16HK8), and5d (16HK8-
16YES) from34a(16YES8) and34b (16HK8) were constructed. Finally,
34a(16YES8),34b (16HK8), and35d (16HK8-16YES8) were oligomer-
ized with 17 and then were cloned intb9c (pET-28Ncd-BanHl).
35c (16 YE8-16HK8) was oligomerized with7 and then was cloned
to 19d (pET-9aNdd-BarHl). The resulting libraries of plasmids

were detected by western blot using a SuperSignal West HisProbe kit
(Pierce, Rockford, IL).

Polypeptides expressed from plasmids harboring 8F and 16YF with
A2 adaptive sequences were purified and cleaved according to the
literature protocdf with an additional three washes with 1% Triton-
X100. Small- and large-scale purification of other polyhistidine-tagged
repetitive polypeptides, under denaturing condition8 iM urea, was
possible using Ni-NTA Spin Column and Ni-NTA Superflow (Qiagen
Inc., Valencia, CA), respectively. Solutions of 10, 20, 40, 100, 300,
and 500 mM imidazolen 8 M urea and & PBS (phosphate-buffered
saline, 0.1 M phosphate buffer (pH 7.4), 0.5 M NaCl at final
concentration) were prepared for separation of the polyhistidine-tagged
repetitive polypeptides. The required quantitit€é® &1 imidazole (pH
7.4), urea and 8 stock solution of PBS were combined and then were
filtered through a 0.4%m filter.*?

For large-scale purification, cells pelleted by centrifugation at 3500
G for 30 min at 4°C were resuspended in.&8 (15 mL per 1-L culture)
and were frozen. The frozen cells were lysed by freg¢haw sonication
method for 20 min in the presence of benzonasel(per 1-L culture,
Novagen, Inc., Madison, WI) and PMSF (phenylmethansulfonyl
fluoride, 2 mM). f-Mercaptoethanol (%L/1-L culture, 0.2ulL/mL

harboring repetitive coding sequences with H6-H6 adaptive sequencelysate) was added in the cases of C2-H6 polypeptides. The lysate was

(36a—d, pET-28/H6-16YEn-H6n = 8, 16, 24, 3237a—d, pET-28/

H6-16HKEN-H6,n = 8, 16, 24;38a—b, pET-9a/H6-(YE8HK8)n-H6,

n=1, 2;39a—g pET-28/H6-(HK8YE8)n-H6Nn = 1—7) were obtained.

KYEY (40a—d, pET-28/H6-32KYEYn-H6n = 8, 16, 24, 3241a—

g, pET-28/C2-32KYEYn-H6Nn = 8, 16, 24) and YKYE seriesi@a—

d, pET-28/H6-32YKYEN-H6Nn = 8, 16;43a—c, pET-28/C2-32YKYEn-

H6,n =8, 16, 24) were prepared from 16KY and 16YK obtained from

3(8Y) and6(8K) and24a (16YE) and24c (16EY), respectively.
Expression and Purification of Repetitive PolypeptidesExpres-

allowed to incubate for 30 min at room temperature (rt). For purification
of carbamylated polypeptides, urea (11 g per 1-L cult8r® atfinal
concentration) was added to the lysate and the solution was heated in
a boiling water bath fo4 h with occasional mixing. For purification

of unmodified peptides, the lysate was added to guanidine hydrochloride
(16 g of guanidine hydrochloride per 15 mL®lof resuspended frozen
stock 6 M atfinal concentration) and then was incubated on boiling
water bath fo 1 h with occasional mixing. In both cases, the resultant
solution was centrifuged at 15 000 G for 30 min at’2)) and then the

sion vectors harboring coding sequences were used to transformsupernatant was diluted twice with 10 mM imidazahe8 M urea in

expression hosts BLR(DE3)pLysS or BLR(DE3)pLysSRARE {&2
for 90 s and then 4 volumes of SOC medium, &7 for 1 h)1° The

transformants were selected on LB agar plates containing chloram-

phenicol (34ug/mL), 1% glucose, and 50g/mL of kanamycin sulfate
without tetracycline. Selected colonies were inoculated into 2xYT broth
(2—5 mL for preliminary expression on a-%0 mL scale and in 200
mL for 4-L scale expression) containing kanamycin (&@/mL),
chloramphenicol (34tg/mL), and 1% glucose. The overnight precul-

PBS or HO with 10 mM imidazole and was recentrifuged at 25 000
G for 1 h at 20°C. The supernatant was applied to Ni-NTA column,
and the H6-H6 polypeptides adsorbed on the column. The column was
eluted with 40 mM imidazolen 8 M urea in PBS and then with 300
mM imidazole h 8 M urea PBS while A2 and C2-H6 modified
polypeptides were washed with £@0 mM imidazoé 8 M urea in
PBS and were eluted with 100 mM imidagoB M urea in PBS.
Carbamylation could also be performed after purification by incubation

tures were used to inoculate the desired quantities of expression cultureof the column eluent containin8 M urea on boiling water bath for

(2xYT broth containing kanamycin (10g/mL) and chloramphenicol
(34 ug/mL). Expression of polypeptides was initiated between 1.0 and
2.0 optical density (OD) by the addition of isopropyp-1-thiogalac-
topyranoside (IPTG) (final concentration 1 mM) and was induced for
3—4 h with aeratiort? The expression and purification of the polypep-
tides were analyzed by sodium dodecyl sulfate polyacrylamide gel

1-2 h. In each case, the eluent was dialyzed againéx tdr at least

2 days (dialysis membrane MW cutoff 3500 Da). The peptide

products were usually isolated in concentrations greater than 10 mg/L.
Characterization of Repetitive Polypeptides MALDI mass spectra

were recorded on a TOF Spec 2E time-of-flight mass spectrometer

(Micromass, Wythenshawe, United Kingdom) in linear positive ion

electrophoresis (SDS-PAGE). The polyhistidine-tagged polypeptides mode. lonization was achieved using pulsediaéer at a WavelengtE:DV
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matrix solutions directly on a matrix assisted laser desorption ionization
(MALDI) plate.*3a For this purpose, 0.5L of the initial mixture was
combined with 0.5uL of the matrix. This solution (0.5«L) was
transferred to the next spot, and so on. Typically, three to five dilutions
provided the optimum sample-to-matrix ratio.

Electrospray ionization mass spectra were obtained on an Agilent
1100 series LC/MSD-SL ion trap system (Germany). Samples were
introduced into the ion source using the autosampler with a solvent

A Y A
c— A~ G A~G— A~g X3
/‘A'--:‘ /\A‘--.:‘ /:"'\'--.
&N" G G G (50:50 water-acetonitrile with 0.2% formic acid) flow rate of 200/
CO,H min. The data were acquired in a mass range frofn 750 to nv/z
1500. The ion trap parameters were optimized for detection of ions
-y-turn with m/z 1150. Instrument control, data acquisition, and data processing
were performed using ChemsStation 10.01 and lonTrap 5.2 software.
Before injection, the samples were dialyzed or purified using ZipTips
(Millipore, Bedford, MA).

Molecular weight of repetitive polypeptides was also estimated by
SDS-PAGE (12%). The mobilities of the molecular weight marker
proteins were plotted versus the logarithm of the corresponding
molecular weight. Molecular weight fit by logarithmic approximation
(R? = 0.99) was employed for molecular weight estimation.

8H Results and Discussion

1. Polypeptide Design and Constructionl.1. Libraries of
8K Antiparallel 3-Sheet Forming Repetit Polypeptideskepetitive
= polypeptides have previously been prepared in the course of
investigations of elastin-based polymers. Several groups have
also prepared high molecular weight polypeptides which can
adopt g3-sheet conformatioff:1114.15Two principal approaches
were developed for creation @fsheet polypeptide libraries.
In the first approach, a polypeptide homopolymer with an
appropriate repeating unit was constructed by a single concat-
enation of the repetitive unit. An alternate approach based on
the formation of polypeptide libraries where the peptide would
assume g-sheet structure relied upon a binary patterning of
p-strand elements, that is, alternation of hydrophobic or hydro-
philic amino acids. This assembly did, however, consistently
employ a specified amino acid sequence for turn introduction
at the desired sité*" In our work, eachB-sheet forming
polypeptide block is derived from the assembly of DNA building
blocks that encoded the elementary constructs for a single strand
and turn (Figure 3a and 3b). This strategy affords precise control
of the polypeptide sequence while permitting flexible variation
of the polymer architecture. The constituents of any particular
turn or the position of a strand within the repetitive polypeptide
can be easily designated.

1.2. Polypeptide Repeats Unit Desidine repetitive polypep-
tide design was based on early work by Krejechi and co-
workerst1> where GA repeats were utilized for thfestrand
Typical instrument settings were pulse duration 39 pulse voltage,  forming motif with pendent amino acids X at the turns (Figure
3500 V; laser coarse, 50%; and laser fine, 80%. A voltage-6f &V 3a). It has been reported that (GG)X repetitive polypeptides
was applied to the high mass detector to improve the efficiency of the form antiparallel8-sheets by regular adjacent-reentry chain-
detection of the polypeptides. Data acquisition and data processing Werefo|ding through y-turns that result in 0.5 nmx 0.7 nm
performed using MassLynx 3.5 software. Typically, 200 shots were rectangular amphiphilic structures as shown in Figure 3a.
averaged In one scan. Sinapinic acid (FIUK?’ Swnzerl_and) was used as First-Generation Polypeptide Librarie©ur initial experi-

a matrix (10ug/mL). The mass scale was calibrated using bovine serum ments with the adaptive DNA methods reproduced literature

albumin (BSA) or insulin cluster ions as standards. The calibrants were recedertf®ein construction and exoression of bazd (A2-
spotted next to the analyte to allow acquisition during the same run. pFelC;, I(iigure 3(;? ;s(:;g:c;@iX‘l:eF)p Zﬁz Otheo SIightI)(/ and

The accuracy of the mass measurements was better than 0.5% when . p . X 3=
good signal-to-noise ratio=(10:1) was observed. asymmetrically modifie@3 (A2-16YF12, Figure 3a, 3}=X3=Y,

Most MALDI-TOF measurements utilized 10-fold diluted eluant X*=X*=F). It was determined that the hydrophobicity of these
since the peptides tend to aggregate on dialysis or during lyophilization. PePtides imparted a profound tendency to aggregate.
Samples were also prepared by dissolving the lyophilized polypeptides ~Second-Generation Polypeptide Librari€&o improve the
in 8 M urea 6 M guanidine chloride and thiocyanate, or 70% formic ~ Solubility of the polypeptides, various functional groups were
acid, followed by 10-fold dilutiod® The optimization of the matrix- incorporated at the turn sites with a resultant introduction of
to-analyte ratio was achieved by a series of dilutions of the sample amphiphilicity. The amphiphilic polypeptide design incIud&%V

Figure 3. Design of repetitive unit architecture. (a) General design
of polypeptide repetitive unit. (b) Peptide fragments which are coded
by smallest DNA building blocks (strand + turn). (c) Representative
repetitive units YKYE, YEHK, YEYE, HKHK.

of 337 nm. The laser power before passing the lenses~wl89 «J.
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a.) Assembly of basic units b.) Introduction of termini sequences at the final concatenation

16
8Y 8E BHBK  8Y 8K || e ey T L L i A2-32YEHKN, 32

3) 4) (5) 6)  (3) (8)
O m 0. O m

17
v v v — 5§ > I H6-32YEHKn-H6, 27

24a-d 252-d BN C2-32YEHKn-HS, 28
o e S B R RO - n-He,
R Re E%ﬁ‘ EIEJE‘ |
|
>TIHE TS | (oS | TELELEL B LI LIS
26 32YEHK7 (+16— 31) 32YEHKS
a-d (+17—27, +18—28)
17 or 18
o || i | | || T > o D TR R
I - 32HKYEN (+17—29, +18—30)
B TR e e T ettt Sttt et svanfe St s o o et et
32KYEY8

T T | > i TS - Wi i i i e

32YKYES

c.) Concatenation of assembled units

—
'E| 'm| S B d.) Block copolymerization
¢—' 33a-d
TIIIrTrD| | TrErEren| TITTRIn LRI D
¢—' 34a-d
TILLLITITITITITY CECPCLELELELEEEs [LLITCLLLEPELErE  EEELELEETTITLLID

16YE16 16HK16 16YES-16HK8 16HK8-16YE8
(35a, +17—36) (35b, +17—37) (5c, +17—38) (35d, +17—39)

Figure 4. Schematic representation of the construction of the polypeptide libraries. Alternate boxes depict peptide -strand subunits to illustrate
relative relationship of -turn residues along a -sheet construct.

the introduction of hydrophilic and hydrophobic edges to the to-tail oligomerizatiof"9:himwith adaptive DNA sequences for
p-sheet to enhance water solubility. Starting with the four incorporation at the appropriate cloning sifé8.Each of the
building blocks (8Y, 8E, 8H, and 8K where each coding block minimal DNA coding units was joined @anl sites allowing
consists of g-strand forming AGAGAG sequence and a turn  unidirectional concatenation and reduction of concatenated units
sequence GX, Figure 3b), the heterogeneous unit YEHK wasto minimal coding units. Inclusion of the adaptive DNA
assembled. Negatively charged glutamate and protonated lysinesequences allows cloning at virtually any restriction site with
introduced to generate a hydrophilic edge, could form stabilizing common, conventional, commercially available cloning vec-
salt bridges. The aromatic tyrosine and histidine residues wereqrs Two different types of adaptive DNA sequences were
postulate'd to form an intramolecu_lar—stacked hydrqph(_)bic employed.

array. This system gf-strand subunits enabled examination of The Adaptie DNA for CloningAl adaptive DNA (5) con-

the impact of the systematic displacement of the turn residues,t ins th i ites for the t I tricti d
for example, creation of YKYE where histidinyl turn residues ains the recognition sites for the type IS restriction endonu-

of the YEHK repeat are replaced with tyrosines. Deletion of cléas€Bsd, where cloning at both the’and 3 termini leads

the lysine residues from YKYE forms the simple distrand repeat 0 facile recovery of assembled DNA units, facilitating further
16YE which results in an unbalanced negative charge in the "€Cursive, seamless oligomerization and block copolymeri-
resultant polypeptides. By analogy, the HK peptide presents zationf8a8i88.14Self-ligation of the adaptive sequences during
histidine residues along one edge and array of protonated lysineghe concatenation was suppressed by selective phosphorylation

on the other. (Figure 3c) of 5'-hydroxyl groups of synthetic adaptive DNA strands that
1.3. Library ConstructionOverall steps of library construc- ~ constitute the termini of the oligomerized repetitive DNA units

tion are described in Figure 4. (7b, 8a 9b, 108 12b, 133 and 14b). Oligomerized DNA
Building Block Assembly and Oligomerizatiddligonucle- containing the adaptive sequences was purified by agarose gel

otide units were assembled on the basis of unidirectional, head-electrophoresis. The bands containing the desired ad%%e\?
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1 2 3

LI
il =

electrophoresis, and enrichment of longer adapted oligomers. Lane
1: 1 kb molecular marker ladder, lane 2: high 200 bp molecular
marker ladder, lane 3: C2-32YEHKnN-H6 oligomers. Enclosed trian-
gular area was purified and used for cloning.

Figure 5. Oligomerization with adaptive sequences, agarose gel .
¢} 9 p q g g ‘ _>.

Figure 7. Western-blot analysis of expression of A2-8F13 (22) and
A2-16YF4 (23). Lanes 1—4: 22, lanes 6—9: 23, lanes 1, 6: before
induction, lanes 2, 7: 30 min, lanes 3, 8: 1 h, lanes 4, 9: 2 h after
induction, lane 5: molecular weight marker (29 kD protein showing

A i the signal)

Block-CopolymerizatiorBlock-copolymers prepared via this
stepwise concatenation strategy have distinct domains comprised

T of the simple motifs (Figure 4d).
% 2. Expression, Purification, and Characterization.RecA

1-7 repeats of YEHK deficient hosts were used for both cloning and expression since
DNA repetitive sequences frequently result in rapid recombina-

tion. Rare codon supplemented expression hosts were utilized
to maximize the yields of target peptides. In most cases, since

oligomers were enriched as shown in Figure 5 and then were the product repetitive polypeptides are harmful to the bacterial
cloned into recipient vectors. hosts, 1% of glucose was added as a supplement to the agarose

. . . . plates and preculture media to suppress expression leakage.
Adaptpe DNA for ExpressmrAdapt!ve DINA for expression Expression was induced at relatively high OB1() since in
was utilized in the last concatenation step to terminate the

) o . - . many cases, hosts stop grogit h after induction by 1 mM
oligomerization and to enable insertion of the construct into PTG

the desired expression vector. Simultaneously, the appropriate
fusion amino acid sequences at both the head and tail of the
repetitive and block-copolymerized polypeptides were intro-
duced thereby enabling rapid shotgun library construction with
various terminal amino acids (Figure 4b). Adaptive DNA

Figure 6. Schematic representation of the extent of oligomerization
at different steps of concatenation.

2.1. First Generation of Polypeptides: Aggregation during
the ExpressionEarlier, the tendency of the product peptiiz
(A2-8F13) and23 (A2-16YF12) to aggregate was discussed.
Figure 7 illustrates the time course of polypeptide expression.
. 2 . Within 2 h, the majority of the expression products remained
sequ_encelG was designed tq facilitate _the_ preparation of in the stacking gel wells (at the top of the figure) and was
previously published polype_pudﬂésby clopmg into the pET-. . _transferred directly to the membrane. Once aggregation occurred,
3aor pET-9a vectors. Resulting polypep_ﬂdes have the repet|t|_vewith 22 (A2-8F13) and23 (A2-16YF12), the aggregates could
sequence fused with a 4.9 kDa domain that could be easily ho; e gissociated using denaturing reagents suitable for use
removed enabling recovery of the purified repetitive polypeptide | ith Ni-NTA column chromatography such as urea or guanidine
sequence. Adaptive sequentéwas designed to introduce a hydrochloride.
hexabhistidinyl track not only to facilitate polypeptide pL_Jrifica_ltion 2.2. Second-Generation RepetitiPolypeptides: Introduction
but also to terminate theé-sheet construct with a specific unique of Amphiphilic CharacterRepetitive and block-copolymerized
pB-strand. Sequenc#8 allowed differentiation of theC- and polypeptides27, 28, 32 (YEHKn), 29, 30 (HKYEn), 36
N-terminus with specific sequences, for example, a hexahis- (16YEN),37 (16|’-|Kn5,38((YE8HK85n),?;9((HK8YE8)n5,40,
tidinyl .track at the C-terminus and a Cys-Cys repeat at 44 (KYEYn), and 42, 43 (YKYEn) were constructed with
N-terminus. variousN- and C-terminal sequences by combination of 8Y,
Extent of Oligomerization.In contrast with previously 8E, 8H, and 8K coding DNA units. In contrast2@ (A2-8F13)
described methods!® the sequential oligomerization of the and 23 (A2-16YF12) polypeptides, the second-generation
DNA product recovered from the first concatenation step was polypeptides were apparently monomeric8 M urea or 3-6
affected in the presence of the appropriate adaptive DNA M guanidine hydrochloride during the purification and remained
sequence prior to insertion into an expression vector (Figuressoluble after dialysis against water.
4c and Figure 6). This approach permits a second level of 3. post-Translational Chemical Modification. The lysine
concatenation. In a single step, a library of repetitive polypep- residues were carbamylated in solutions contgr8nM urea
tides can be formed bearing the appropri@teandN-terminal (in most cases, eluent from Ni-NTA column) on boiling water
fusion sequences where there is a gradual increase in moleculabath for -2 h 216 Figure 8 illustrates the discrete carbamylation
weight, for example, 1X, 2X, 3X, 4X, and 5X (where X is the of short repetitive polypeptidez7d (H6-YEHK4-H6) and28d
selected concatemer from previous oligomerization). This ap- (H6-HKYE4-H6). Although27d and 28d have identical mo-
proach affords a diversity of oligomers not accessible by lecular weights and each of the native polypeptides demonstrated
arithmetic synthesis on the basis of ligation of two blocks, for nearly the same gel mobility (Figure 8, lanes 1 and 9, Figure 9,
example, 1X, 2X, 4X, 8X, and 16X seriés. empty (white) series), the carbamylated peptides appe%'Dzi}
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Figure 8. Time course of carbamylation of H6-YEHK4-H6 27d and H6-HKYE4-H6 29d. (A) 15% SDS-PAGE, (B) western blot, lanes 1—7, 16:
27d, lane 8: molecular weight marker (from the top: 66, 45, 36, 29, 24, 20, 14.2 kD; 29 kD marker also shows the western blot signal), lanes
9—15: 29d, lanes 1 and 9: as eluted (300 mM imidazole, 8 M urea PBS), lanes 2 and 10: boiling in 8 M urea for 2 min, lanes 3 and 11: 5 min,
lanes 4 and 12: 10 min, lanes 5 and 13: 20 min, lanes 6 and 14: 60 min, lanes 7 and 15: 120 min.
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Figure 9. A comparison of estimated molecular weight from the
mobility of short polypeptides on 12% SDS-PAGE with expected
molecular weight. Empty: intact, filled: carbamylated. H6-YEHKnN-

H6 27 and 27', H6-HKYEn-H6 29 and 29, p: C2-YEHKn-H6 28 and .
28', C2-HKEYn-H6 30 and 30'. termini (27b_h) H6-YEHKnN-H6, (28C_h) C2-YEHKnN-H6,

(29b—d) H6-HKYEN-H6, and 80c—f) C2-HKYEn-H6, both
different positions (Figure 8, lanes 7 and 15, Figure 9, filed Pefore and after carbamylation. Intact polypeptid2g—30)
(black) series). The resultant carbamylated polypeptides wereWhere positive and negative charge was balanced (Figure 9
less mobile on SDS-PAGE and were difficult to visualize by (émpty series) and Figure 10) demonstrated little if any

Figure 10. The schematic representation of the polypeptide charge
distribution before and after post-translational chemical modification.

Coomassie or silver staining or western blotting. difference in gel mobility among the polypeptides with equiva-
A comparison of the ESI mass spectra2did (H6-YEHK4- lent molecular weight. However, the mobility @7—30 was
H6) with 27d (carbamylated H6-YEHK4-H6) and8d (H6- retarded (Figure 9, empty series). The corresponding carbamy-

HKYE4-H6) with 28d (carbamylated H6-HKYE4-H6) after Iateq .polyp.eptide52(7’.—30) shqwed a substantigl decreasg in
dialysis confirmed tetracarbamylation of the deformylmethion- Mobility (Figure 9, filled series). Carbamylation of lysine
ylated polypeptides (see Supporting Information for more residues and elimination of posm\_/ely charged cente_rs result in
information). an overall uncompens_ated negative charge proportional to the
4. Mobility of Polypeptides on Gel Electrophoresis.The number of the glutamic residues (Figure 10).
polypeptides constructed by the described method are comprised Though SDS binds the polypeptides in a molecular weight
of the same small peptide building blocks yet differ in the specific ratio and therefore enables polypeptide separation by
architecture of repetitive units. The degree of polymerization the molecular weight, side chain modifications, such as glyco-
or block-copolymerization of the polypeptides varies as do the Sylation or phosphorylation, significantly affect gel mobiliy.
fusion sequences employed at tle and N-termini. Post- In contrast to native polypeptides, the mobility of carbamylated
translational chemical transformations allow quantitative modi- compounds was sensitive to the repetitive unit and terminal
fications of all selected residues in the polymers with a sequences. The HKYE repetitive polypeptides had greater gel
consequent variation of the polymer properties. Together, thesemobility than the corresponding YEHK derived polypeptide.
systematic changes enable investigation of the influence of theInterestingly, polypeptide libraries with H6 sequences at both
polypeptide structure on the physical properties of the polypep- termini had a slightly higher mobility than those with a
tide. As an example, gel electrophoresis under the denaturingcombination of C2 and H6 termini.
conditions was employed to demonstrate structyneysical The polypeptides in their modified and unmodified forms
property correlations. Under denaturing conditions, these polypep-represent different types of charged polymers (Figure 10):
tides can be viewed as unstructured biopolymers with incorpora- negatively charged polypeptides: type la possesses a uniform
tion of charged amino acids at precise position in the molecule. distribution of charge, type 1b with cluster of negative charge;
Polypeptides with Low Molecular Weiglitigure 9 illustrates positively charged polypeptides: type 2; neutral polypeptides:
the mobility of polypeptides relative to the molecular weight type 3a where there is a uniform distribution of positive and
ladders from four libraries with the repetitive sequences YEHK negative charge, type 3b with clusters of negative and positive
and HKYE flanked with two different fusion constructs at the charge, type 3c composed of neutral amino acids. cDV
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Figure 11. Comparison of mobility of native and carbamylated polypeptides comprised of 271 amino acids on 12% SDS-PAGE. White: native,
black: carbamylated. For reference, these constructs with different repetitive units were shown in Figure 4 and were labeled in red color.

A comparison of different polypeptides with the same number 160
of residues (271 amino acids) in modified and unmodified state 140 |
is shown in Figure 11. From Figure 11, it is clear that 8 120
polypeptide mobility varies significantly; however, several < 100
tendencies can be observed: (1) negatively charged polypeptides E 80
(type 1) show very low mobility36b (H6-16YE16-H6),27H T 60
(H6-YEHK8-H6), 28" (H6-HKYES8-H6)). (2) The YEHK ‘g 40
polypeptide family has the greatest shift in mobility on £ 0
carbamylation (type 3a to type la transition). (3) Carbamylation R
has very little effect on the mobility of the HK polypepti@&a 32b 32d 27j 28j

(H6-16HK16-H6) (type 2 to type 3c transition). (4) Block- Figure 12. The effect of N-terminal sequences on the mobility of
copolymerized polypeptide38a (H6-YE8HK8-H6) and39a the YEHK21. A2 adaptive sequence (32b), the CNBr cleaved A2
(H6-HK8YES8-H6) demonstrate the least change in mobility on (32d), H6-H6 (27]), and C2-H6 (28j) on 8% SDS PAGE. White: intact,
carbamylation (type 3b to 1b transition). black: carbamylated.

The polypeptide27h (H6-YEHK8-H6),38a H6-YE8HKS8-
H6), and39a H6-HK8YES8-H6) have exactly the same amino 300
acid composition and yet migrate differently on the gel both in
their modified and unmodified states. The difference in mobility
can be understood by consideration of the distribution of charge 200 -
within the polypeptides. In the case of unmodified polypeptides
(27h (H6-YEHK8-H6) type 3a and8a (H6-YE8HK8-H6) or
39a H6-HK8YE8-H6) type 3b), negative charge is localized 100
in one domain of the overall neutral polypeptide and therefore ./l’.‘
apparently influences the polypeptide mobility. On carbamyl-
ation, polypeptideZ7h (H6-YEHK8-H6) represents a type la 0
peptide and has a uniform distribution of negative charge 0 50 100 150
whereas modifie@8d (H6-YE8HK8-H6) or39d (H6-HK8YES- calculated MW / kDa
H6) polypeptides have a localized negative charge domain.

the eftoc o terminal ion Sequences on the mobilly of he % HOYEHKHS - —m—He-YEn s
i usi u ility

polymer, the long but easily cleavable A2 fusion adaptive —8—H6(HK8YEB)n-H6 ~ —— HE6-KYEYn-H6

sequence (Figure 1), 45 amino acids, 5 kDA atfxeerminal —— H6-(YEBHKS8)n-H6 —— H6-HKn-H6

or alternative short fusion sequences at both polypeptide terminirigure 13. Calculated and estimated molecular weight from the

were employed (Figure 4b and Figure 12). Figure 12 demon- mobility of the polypeptide from libraries with different architectures

strates that the addition of small fusion sequences does not havef repetitive unit but the same N- and C-terminal groups, green: H6-

a pronounced effect on the mobility of larger repetitive YEHKN-HG (27), black: H6-YEn-HG (36), light green: H6-HKn-H6

polypeptides. Both untreated and carbamylated YEHK21 polypep- Eﬁ?{- rf{g'_ (YHE%EHK';?:_EH%)’&:? (39), blue: HE-KYEYn-HE (40), in-

tides 27j (H6-YEHK21-H6) and28j (C2-YEHK21-H6) have g0: '

nearly the same mobility as the YEHK21 polypeptid2d The uniformly negatively charged polypeptides H6-YEn-H6

(YEHK21) absent the terminal strands. However, the addition (36) and carbamylated C2-YEHKn-H&8&) (type 1a) demon-

of the quite large A2 fusion adaptive sequence slightly increase strate the lowest gel mobility, while positively charged H6-HKn-

the mobility of polypeptide. H6 (37) (type 2) polypeptides and neutral polypeptides with
The tendencies observed for low molecular weight polypep- uniformly distributed charge H6-YEHKn-H&7), H6-HKYEn-

tide such as the influence of the repetitive building block H6 (29), H6-KYEYn-H6 (40), and H6-YKYE-H6 @2) (type

sequence, post-translational chemical modification, or block- 3a) are more mobile. The neutral block-copolymers such as H6-

copolymerization could be extended over the full range of (YE8HK8)n-H6 38) and H6-(HK8YES8)n-H6 89) (type 3b),

polypeptide molecular weights (Figures 13 and 14). where negative and positive charge lies in separate dom&B%

estimated MW / kDa
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Figure 14. Comparison of calculated and estimated molecular weight
of selected repetitive polypeptides in their modified and unmodified
state Empty: intact polypeptides, filled: carbamylated polypeptides,
indigo: C2-YEHKn-H6 (28, 28'), blue: H6-YENn-H6 (36), green: H6-
HKn-H6 (37, 37'), red: H6-(HK8YES8)n-H6 (39, 39'), dark blue: H6-
KYEYn-H6 (40, 40').

have an intermediate gel mobility that only decreases slightly
on carbamylation.

Conclusion

Libraries of polypeptides were constructed from a small
number of specific building blocks; building blocks that were
assembled initially into monomeric repetitive sequences were
then oligomerized or propagated to form block-copolymers.
These libraries enable an investigation of the correlation of the
polypeptide structure with physical and biophysical properties
such as folding, aggregation, amyloid formation, and metal or
nanoparticle recognition. In this paper, the repetitive unit design,
the post-translational chemical modification, the nature&ef
and N-fusion constructs, and the degree of polymerization or
block-copolymerization were shown to define the physical
properties of biopolymers as revealed by SDS-PAGE.
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