Biophysical Journal

Supporting Material

Molecular Order of Arterial Collagen Using Circular Polarization
Second-Harmonic Generation Imaging

Raphaél Turcotte,*? Jeffrey M. Mattson,*® Juwell W. Wu,* Yanhang Zhang,*® and
Charles P. Lin'*

'Wellman Center for Photomedicine and Center for System Biology, Massachusetts General Hospital,
Harvard Medical School, Boston, Massachusetts; and 2Department of Biomedical Engineering

and 3Department of Mechanical Engineering, Boston University, Boston, Massachusetts

*Correspondence: lin@helix.mgh.harvard.edu



a) Circumferential b)

Radial

Circumferential

Supporting Fig 1 Diagram showing axial, circumferential, and radial directions in a) intact and b) cut-open arteries.
Arteries are cut-open along the longitudinal direction.



Derivation of SHG Polarizability for collagen fibers

The general form of the second order polarizability is:!

P = «ox”'E,
where y®) is the third rank tensor for the second order nonlinear susceptibility
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and E is the general incident fields vector:
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Several symmetry arguments can be made to simplified the Y(?) tensor. These arguments de-
pend on the properties of the nonlinear process, but also on sample. For SHG in collagen fibers,
hexagonal symmetry applies and the only non-zero elements are dss, ds1, dis, and di4.' d;, is de-
fined as y;;, with 4, j,k = {z,y,2} and s = 1,2,3,4, 5,6 for zx, yy, 2z, {yz, 2y}, {zz, 2z}, and
{zy, yx} respectively. Eq. (2) can thus be written as:
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where a = d15, b= d14 ,m = d31, and n = d33.
Cylindrical symmetry is also often considered.> Assuming cylindrical symmetry (b = 0 and
a = m) is equivalent to assuming Kleinman symmetry. The experimental a/m ratio is not exactly

1 and both terms are usually kept.® This allows to express Eq. (5) as:

=
>
®
N
Soco
Soco
S oo
coo
coe
ocoo
coe
occ o

] . (6)

o O

Assuming y-axis propagation of excitation fields (£, = 0), Eq. (1) can be written as:
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Eq. (8) is valid only when hexagonal and cylindrical symmetries apply and can be used for any

incident polarization state.



Intensity for linearly polarized light

The electric field for linearly polarization light can be expressed in terms of the Jones vector:

E = |E|Re{[¢)capli(ky)]}, where ©)

) = [ slf) | eaplial. (10)

The electric field can therefore be decomposed as F. (w) = |E(w)|cos(0) and E,(w) = |E(w)|sin(0).

For linearly polarized light, Eq. (8) can thus be expressed as:
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Using Eq. (13) in Eq. (4), we obtain the commonly used expression for the SHG intensity in

polarimetric measurements:?

Iéii6(2w,0) = cef| E()|* [(Xaze5in(20))® + (Xzasin® (0) + xzzzcos?(0))?] . (14)

A standard notation for Eq. (14) uses p1 = X.../Xzze ad p2 = Xozz/Xowes

I§16(2w,0) = cex2,, | E(w)[* [(p2sin(20))* + (sin®(0) + prcos®(6))*] . (15)



Intensity for circularly polarized light
The linear polarization dependence has been presented on multiple occasions.” Here, we also
introduce the equivalent expression for circularly polarized incident light. The electric field for

circularly polarization light can be expressed in terms of the Jones vector:

E = |B|Re{[)expli(ky)]}, where (16)

[¥) = 75 [ 4] eaplial}. (17)
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The electric field can therefore be decomposed as F,(w) = | E(w)| and E,(w) = | E(w)].

For circularly polarized light, Eq. (8) can thus be expressed as:
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Using Eq. (19) in Eq. (4), we obtain an expression for the SHG intensity with circularly

polarized incident light.
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Using the same notation as in Eq. (15), Eq. (20) can be written as:
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