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Figure S1. 'H- and >C-NMR of y-PGA-H and y-PGA esters (in DMSO-d6).
Polarised Optical Microscopy

Polarized optical microscopy was employed to visualize the increase in macromolecular orientation in
the drawn polymer samples. Figure S2 shows two tapes overlaid at ~90 ° of y-PGA-Bn , oriented to A >
10, under cross-polarized light. Orientation was observed with a maximum light intensity at + 45 ° to
the polarizers, while no transmitted light was observed through the samples at 0 °, 90 °, or the overlaid
region of the two tapes, indicative of a high degree of uniaxial macromolecular order in the various
tapes. Addition of a quarter wavelength retardation plate, displays both a subtractive (yellow) and

additive (blue) effect through the highly oriented samples.

Figure S2. Representative polarized optical microscopy images of highly oriented y-PGA-Bn polymer
samples at maximum intensity, demonstrating the high macromolecular order causes a) two overlaid
samples to act as polarizers to each other, b) further accentuated with addition of a first-order retardation

plate.
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Figure S3. Representative first heating differential scanning calorimetry thermograms of A-PGA-Et
oriented to the draw ratios indicated, demonstrating an increase in degree of crystallinity of the material

with increasing degree of orientation.

Table S1. Sources used to compile data for Fig. 4.

Human Tissue Reference(s)
Articular Cartilage [1-4]
Cornea (5]
Cortical Bone [4, 6]
Ligaments and Tendons 7%
Skin [4]
Renal Capsule (1]

6, 12]

Trabecular Bone

Tracheal Cartilage [13]
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Figure S4. Simulated fiber X-ray patterns for a) y-PGA-Pr and b) y-PGA-Bn. The components of the s-

vector along the x,y plane (equator) and z-axis (meridian) are comprised between 0 and 0.5 A™.
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Table S2. Observed and calculated X-ray diffraction d-spacings corresponding to y-PGA-Et, y-PGA-Pr

and y-PGA-Bn.
v-PGA-Et v-PGA-Pr v-PGA-Bn
{?ggr hkl Oexpl Ald[ A] T hkl dexp[ A]de[A] T hkl dexo[ Aldc[A] T
=0 200 924 920 w 200 10.04 10.04 s 100 12.17 12.17 s
010/400 4.61 455 vs 400 499 502 w 120 463 460 w
210 376 408 w 010 469 476 vs 421 -
600/510 2.89 3.07 wvw 210 436 430 w
800 238 228 w 310 389 388 s
600 334 335 w
020 2.4 238  wvw
I=1 101 8.1 818 s 101 836 839 s 111 577 582 wvw
201 659 648 s 201 688 6.79 s 211 438 421 wvw
301 5.1 509 w 301 543 542 m
011/401 4.17 4.07 vs 011 422 423 vs
311/501 3.49 339 w 311 361 3.68 m
801 222 223  wvw 701 273 274  wvw
I= 002 455 457 w 002 466 462 m 102 473 478 s
202 412 409 s 202 423 419 s 112 43 418 w
302 3.67 366 w 302 379 380 s
412 2.7 264 vw 012 335 331 w
412 276 276  vw
612 236 235 wvw
I= 303 272 273  wvw 303 2.8 280 w 103 332 334 w
403 258 254  wvw 403 2.6 262  vw
503 237 235 wvw 503 245 244 wvw
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=4 004 2.12 231 vw 104 254 254 vw
204 236 239 wvw

Lattice parameters

Orthorhombic; P2,22; Orthorhombic; P2,22;; Hexagonal; P1
for (h00) and (001) h,I=2n for (h00) and (001) h,1=2n

a=18.40A, b=4.55A, a=20.07A, b=4.76A, a=b=14.05A,
c=9.13A c=9.23A c=10.40A

X-ray pattern simulation

The simulated X-ray patterns were computed with home-built routines written in Igor Pro
(Wavemetrics Ltd.). The computation of the scattering intensity I(S) for each point of the reciprocal

space S was performed according to:

2

N
1) = | fullse 2
n=0

where N is the total number of atoms in the unit cell (hydrogens were omitted from the calculation for
simplicity) and r, are the absolute coordinates of the n-th atom. The atomic scattering factors f,(s) for
each value of the norm of the scattering vector |s| were calculated by interpolating the tabulated
values.'* The two-dimensional X-ray pattern of a uniaxially oriented sample was calculated as

following:

2T

If(sxy, SZ) = Z [(syyCOS@, Sy Sing, s,)
®=0

where sy, = |/sZ + s5.

The simulated fiber X-ray patterns for y-PGA-Pr (a) and y-PGA-Bn (b) polymers presented in
Figure S4 are in reasonable agreement with the experimental patterns. Thus for experimental and
simulated diffractograms of y-PGA-Pr the strongest equatorial peak (i.e. 010) corresponds to the
distance between the hydrogen-bonded sheets. The simulated intensity of the meridional 002 and 004
peaks is characterized by a similar intensity ratio. In the case of y-PGA-Bn the two strong experimental

equatorial peaks with indices 100 and 120 are also visible on the calculated 2D pattern. The presence of
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strong 102 and 103 peaks is also in agreement with the experimental diffractogram. As was found in the
experiment, the well-pronounced meridional reflections are absent from the simulated pattern, which

proves the 5/2 helical backbone conformation of y-PGA-Bn.

Polarized Raman spectroscopy

Raman measurements were carried out on a confocal Raman microspectrometer Labram-BX 40. The
632.81nm excitation polarized light from a HeNe laser light source was focused through a 50x/0.95
objective (Olympus; Japan) onto flat oriented fibers fixed in a specially designed holder to eliminate the
signal from the substrate. The laser power was 5 mW. The device calibration was done using Si peak at

520cm™. A single spectrum resulted after integration of 50 measurements.

The polarized Raman spectra of oriented y-PGA-Et (a) and y-PGA-Pr (b) films are presented in Figure
S5. The characteristic Raman peaks at 3295 (Amide A, v N-H), 1740 (ester group, v C=0) and 1642 cm”
" (Amide I, v C=0) show perpendicular dichroism for both polymers. This situation is expected for a

structure with C=0O and N-H bonds oriented normal to the chain axis. Thus the Raman data generally

confirms the proposed structural model.
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Figure S5. Polarized Raman spectra corresponding to oriented films of a) y-PGA-Et and b) y-PGA-Pr.

The solid and dotted lines denote the parallel and perpendicular orientation of the film stretching

direction with respect to the polarizer.
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