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Data analysis and modeling. The angular (¢) dependence of the scattering intensity, /(g), can be
generally expressed as follows.

I(q) =nAp*V*P(9)S(q)

where n is the number density of particles, V is the volume of the particle, Ap is the difference
between the scattering length densities (p) of the particle and the solvent (i.e. the contrast factor),
P(q) is the form or shape factor that gives information on particle size and shape, and S(gq) is the
structure factor that describes intermolecular correlations between scattering particles; for dilute
solutions S(g) approaches unity. Furthermore, the normalized form factor P(g) as defined above
approaches unity as g approaches zero. For small ¢ and absence of inter-particle interference
(S(g) = 1) several approximations have been derived that allow extraction of particle size in
terms of the average radius of gyration (Ry). In analogy to the mechanics of rotating bodies, the
radius of gyration (R,) is defined in SANS as the root-mean-squared distance of all the atoms
weighted with their respective neutron scattering length to the center of the scattering length
distribution. Such approximations also allow extrapolation to g = 0 and therefore determination
of the product of g-independent factors in the above equation, which is commonly called forward
scattering intensity /(0), and from which e.g. the particle volume can be calculated if the
scattering data is calibrated to absolute scale and if the other factors are known. The Guinier
approximation, () = I(0)exp(-¢°R¢*/3) with Ry X gmax < 1.0, is widely used for analysis of
compact particles (1-4), was also employed in this study. Additionally, the cross-sectional radius
(R.) was estimated using the modified Guinier approximation, g x I(g) = I(0)exp(-¢°R.*/2) with
Re X gmax < 1.1, for rod (or cylinder)-like elongated particles (5). Another modified equation, ¢* x
1(q) = I(0)exp(-¢°R;>), where R, = 12/T and T is the thickness of the plates, was used for fitting
lamellar (or platelet)-shape particles.

Additionally, R,, particle distance distribution function (P(r)) and the longest distance within the
particle (Dmax) were obtained using the indirect Fourier transform (IFT) method in the program
Dmax 2

GNOM (6). The R, determined by the IFT program (R, = #
2, " p(r)dr
scattering curve and is less sensitive to intermolecular interactions. The predicted SANS
parameters and scattering profiles calculated from crystal structures for the B880 light-harvesting
complex I (LH1) and RC of Rps. palustris (PDB ID 1PYH) (7), the RC of Rb. sphaeroides (PDB
ID 1AD) (8), and the LH2 of Rps. acidophila (PDB ID 1NKZ) (9) were obtained by the program
CRYSON (10). Reconstitution of low-resolution models for the B808-866 complex and RC of
Cfx. aurantiacus from data collected for B808-866-BOG mixtures in 17% D,O (the contrast
point for BOG) and RC-LDAO mixtures in 5% DO (the contrast point for LDAO), respectively,
was generated using the modeling program DAMMIN (11). Fifteen runs of DAMMIN were
performed and the average structure was optimized and determined by the program DAMAVER
(12). All of the ab initio models presented in this report were constructed without symmetrical
constraint being applied in the modeling program. The program SUPCOMB (13) was used to
superimpose the reconstructed model and the atomic resolution structure.

) makes use of the entire

Hydrodynamic diameter size measurement. The hydrodynamic size of particle dispersion
were characterized with a ZetaSizer Nano ZS (Malvern Instruments Inc, UK) using dynamic
light scattering (DLS). To appropriately compare to the results acquired via SANS, DLS
measurements were performed at 24-25 °C. The average hydrodynamic diameter (d(H)) is



obtained from the following equation: d(H) = kT/3nnd,, where k is the Boltzmann constant, T is
the absolute temperature, 1 is the viscosity of the solution, and d, is the translational diffusion
coefficient (i.e. the velocity of the Brownian motion) of the particles.



Table S1. The size determination of free BOG and B808-866-fOG mixtures estimated by SANS

and DLS (d(H), hydrodynamic diameter)

Samples R; (SANS)  Dnax (SANS)  d(H) (via DLS) Reported data
0.8% BOGin  22+2A 50+5A 50+10A  d(H), 45-60 A (ref. (14) in
100% D,0O Supporting Information) and
Rs, 30 £ 3 A (with 1.6%
BOG; ref. (15) in Supporting
Information)
B808-866- 54+1A 155+5 A 140+ 10 A
BOG (100%
D,0)
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Figure S1. The particle size distribution of free BOG micelles and B808-866-BOG mixtures in
100% D-0O buffer acquired by dynamic light scattering (DLS) measurements. The experiments
were performed at 25 °C with 0.8% (w/v) BOG included in the samples.
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Figure S2. SANS for RC-LDAO mixtures of Cfx. aurantiacus. The SANS data for RC-LDAO
mixtures in 5, 40 and 100% D,0 (A), the Guinier fit for RC-LDAO mixtures in different
concentration of D,O (B), the P(r) profile for RC-LDAO mixtures in 100% (black curve) and
40% D,0 (blue curve) (C), and the normalized P(r) profile for RC-LDAO mixtures of Cfx.
aurantiacus (red curve) and Rb. sphaeroides (black curve) in 100% D,0O (D).
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Figure S3. The modified Guinier approximation and the radius of cross section (R.) of the
chlorosome in different concentration of D,O
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Figure S4. Guinier and modified Guinier approximation for fitting the scattering data of the
chlorosome collected in 100% D,0O (20 mM Tris-HCI buffer at pH 8.0). The scattering data (A),
the Guinier approximation for the compact particle, I(g) = I(O)exp(—q2Rg2/3) (B), rod (cylinder)-
like particle g x I(q) = I(0)exp(-¢°R:/2) (C), and lamellar (platelet)-like particle, ¢* x I(q) =
I(O)exp(—qZRtZ) (D) are shown. Among the Guinier fit, the data can only be fit reasonably by the
modified Guinier approximation for rod-like particles (panel C), while gmax™Rs > 1.2 in the
Guinier fit for the compact particles, in addition to no linear region can be used for Guinier fit in
the smaller q2 range (panel B). Further, no Rt can be determined by the modified Guinier fit for
the lamellar (platelet)-like particle.
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Figure S5. The absorption spectra of the B808-866 complex of Cfx. aurantiacus and the LH2 of
the purple bacterium Rps. acidophila
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