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Traditional poly

Distribution of molecular weights & block lengths
Random monomer Ssequence

Jsually not chiral

Poor biocompatibility

Environmental concerns (solvents, chemicals, bio
degradability)
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Bullding blocks from nature

= collagen (gelatin = modified collagen)
= silk fibroin

= elastin

= keratin

= mussel adhesive proteins, fibronectin
= fibrin

= tubulin

= actin, myosin
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Monomers for designer blocks

20 Different natural a-amino acids

m Size

= pedatiize side groups (-SH)

= hypdfogeatimra pefersrarelina pptopsptide

= aliphatic side chains (branched / not branched)
m aromatic side groups




> transferase

\ modify

(“mutate”)

L-a acid
per anticodon

*A{NA carries one
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1st base in codon

2nd base in codon

C

G

Ser | Tyr U

U Ser Cys C
Ser STOP | STOR, A

Ser STOP | T 5

Pro i Arg L

C Pro His Arg C
Pro Gln Arg A

Pro Gln Arg G

Thr Asn Ser U

A Thr Asn Ser i
Thr | Lys | Arg A

~Thr | Lys Arg | G

Ala | Asp Gly U

G Ala Asp Gly C
Ala | Glu Gly A

Ala | Glu Gly G

UOpOD Ul 8584 pJE
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m Surgical materials (yarns, glues, fillers)
= Drug carrier materials
= [issue engineering scaffolds

= (Bio)separation resins
= Laboratory materials

= Smart coatings
m Strong fibers
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polymers are like

AGROTECHNOLOGY &
FOOD SCIENCES GROUP

Wullip WAGENING E N [NEE




otein polymers are like
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Mass (kDa)
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DNA templates for protein polymers

combine into one block copolymer!
I . I n I N B B

length

¥ _ Y

\\ //

combine into one block copolymer!
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Some structure / function modules
used in protein polymers .....
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Surface with net neutral mixture of charges

Surface with property ‘B’
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astin-like protein polymers: | CST

Val-Pro-Gly-Xaa-Gly repeats, stimulus responsive
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astin-like protein polymers: | CST

Turbidity measurements with two different polymers
(450 amino acids, i.e. about 35 kDa)

1 V/AL/G= 5/0/2/3 5/2/0/3
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)

(from Dan W. Urry (1997)

J. Phys. Chem. B, 101 (51): pp. 11007 -11028)

. . EmH+ H}-'P::']-"HQRFQ
H*pHS8) L 1 -Eo H,-S .
I T T T T ] 1 ] 1 I ]

10 20 30 40 70 80
T, (°C)

K+ Lys(NH?) .-
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astin-like protein polymers: use

Characteristic 2: stimulus responsive
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In-like protein polymers: use of | CS1

Characteristic 2: stimulus responsive

Thioredoxin-ELP fusion

on functionalized gold surface
(Chilkoti et al., Duke Univ. , NC)
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In-like protein polymers:

Block copolymers: elastin-like + fluorescent protein

B Emission
100

EBFP ECF™ EGFP EYFP DsRed

Wavelength (nm}
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pllagen-like protein polymers: use

Biomaterials applications & market
m cosmetic surgery 0.1 G€
m dental surgery 0.65 G€

. B cardiovascular surgery 8 G€

S m drug delivery 6.3 G€

S ,_ m surgical sutures 1.7 G€

- B tissue augmentation & urology 0.1 G€
= W ® woundcare 4-5G€
TN B tissue engineering 0.02 G€

B total 35 G€ (raw biomaterials > 1 G€)
m 530 % growth / year
B (/£ growth to 80 GE)
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ollagen-like protein polymers: self-assembly

Characteristic: (Gly-X1-X2) repeats, 10 - 67 % Pro
Pro In X2 modified to Pro-OH = helix stabilization
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modified polymers forming no helix
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highly polar random coil
designer polymer

natural gelatin
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pllagen-ike protein polymers: cell-binding coils

Example: collagen like polymers attracting
human cervical carcinoma (HeLa) ceIIs

f-;"' e e ) N '"'-\%vfmwwwxnﬁ
435 cellsimm X 790 cells/mm S
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lk-like protein polymers: self assembly
Gly-Ala repeats = B-sheet stacks possible (e.g. pH-induced)

backbone
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Block A: silk-like, polyanionic
Gly-Ala repeats - B-sheet stacks possible

Mw (kDa)
188

98

62 O ((GIy—AIa)g-GW'G'U)n

49

38 = random, extended ~ pH > 5 (CD)

p° = (3-sheet, turn at low pH or methanol
14 (FTIR)

6
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Multiblock protein poly

Nanostructured materials

Interaction typ= A
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Block A: silk-like

Gly-Ala repeats = B-sheet stacks possible
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(coll.-silk-silk-

= ~200 amino acids per block:
= total ~800 amino acids, I.e. 66 kDa
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onstruction of triblock DNA templates

= Block elongation = =

(DNA-processing enzyme pair 1)  EEZ= 4 wew=

m Block combination
(DNA-processing enzyme pair z,

= One DNA template (one gene) - one protein !
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Mw markers products in bioreactor purified products

iEEE]

precipitations:

ammonium sulfate, A

acetone

T | T T 1 T |
70000 80000
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ed upon charge neutralization
A-EA
(silk-coll.-coll.-silk)

AFM

‘- (silica support)

fibril height:
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TEM

(neg. stain)

. wide fibrils

ed upon charge neutralization
ASEA
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Ibers formed upon charge neutralization
AFM on

AA -+ A A mixtures
-Silk-silk- + silk silk)
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onstruction of paoly

DNA segment with
custom-designed
sequence,
encoding a polypeptide:

Xl-XZ- ....... Xn-l-xn

Design of gene
(coding for

er-encoding genes

Intended functional
properties

(Application)

Molecular models /

Design of physical chemistry
polypeptide

polypeptide) 5-100 kDa

(c.f. chem synthesis:
< 5 kDa!)
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DNA segment with ( ~A/\/ I - -
custom-designed
sequence, -

encoding a polypeptide:

Xy XX =X
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er-encoding genes

Directional polymerization of gene segments

AATT E,.A;ATT .TT
TT'I TTAA

EcoRI
I

TCTC |_I TAACQMIC <
e Vil
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er-encoding genes

Directional polymerization of gene segments

(separate on gel and select Mw)
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er-encoding genes

Recursive directional ligation

"I g =

NN\
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er-encoding genes

Recursive directional ligation

Dralll Van9l |

NNNNNCACECGGTG CCAECGTTGNNNNNNN

X

| |
CCACCGGTG
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er-encoding genes

Recursive directional ligation
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er-encoding genes

Recursive directional ligation

AGROTECHNOLOGY &
FOOD SCIENCES GROUP

Wnllip WAGENING E N [NEE




er-encoding genes

Recursive directional ligation

synthet|c adaﬁter
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Recursive directional ligation
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er-encoding genes

length

(bp):

_— . 1700
1031

w100
« 300
200

100

173 323 473 623 1223 bp




onstruction of polymer-encoding gene
DNA segment with (WV--------VW) n
custom-designed

sequence, -,

encoding a polypeptide:

Xl-XZ- ....... Xn-l-xn
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er biosynthesis
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