Supplementary Note

Due to space restrictions of the Journal, we were asked to abbreviate our discussion of the model in the
main paper. What follows is the original, more complete discussion.

Consistency with previously reported data. Analytical ultracentrifugation (AUC) can provide low-
resolution molecular shape information. Supplementary Table 7 summarizes three analytical
ultracentrifugation studies®>* on lipid-free apoA-lI, which conclude that monomeric apoA-l is
asymmetrical in shape with an axial ratio of ~6.5 (161 x 24 A). This contrasts with our SAXS envelopes
which had an axial ratio of 2.1-2.8. The discrepancy between AUC and SAXS measurements may
reflect the dynamics of apoA-l in solution vs the ‘locked’ state after cross-linking. Using Forster
resonance energy transfer, Brouillette and colleagues later concluded apoA-I is more compact® and
that the AUC results® were probably reflective of an unfolded protein due to high external centrifugal
forces. The molecular length measured by AUC is about double what we measured by SAXS while the
width is about half. This is consistent with the notion that monomeric apoA-I, like apoA-IV*®, can open
up like a pocket knife to oligomerize or bind lipids. This may be further supported by EPR studies
identifying residues 26, 44, 64, 167, 217, and 226 to be in the same plane37. In the time-averaged
structure all but residues 217 and 226 fall within the same plane. Given that EPR studies were
executed on multimeric apoA-l, it's plausible that when H6 opens and apoA-I self-associates, residues
217 and 226 fall in-plane with the remaining residues. Several laboratories®“° have suggested that
helix 5 may be the center of such a hinge. Additionally, the positioning of H6 on the new model appears
poised to unfold for interaction with lipid or another molecule. The exact nature of this unfolding must
await further studies focused specifically on apoA-I oligomerization.

Limitations of the model. A limitation of the current model stems from our attempt to represent a
highly dynamic protein with a single, time-averaged model. Numerous studies have documented the
“molten globule” nature of apoA-1"***. H-DX quantifies the rate of proton transfer to amide groups in the
protein and allows one to determine locations and stabilities of elements of secondary structure?.
Given that the observed rate constant for hydrogen exchange is lower than the rate constant for helical
closing and H-bond formation in apoA-I, the observed hydrogen exchange rate is related to the a-helix
open-closed equilibrium constant (K,p), @ measure of the free energy (AG) of helix stabilization. This
concept is illustrated in Supplementary Figure 4 which compares hydrogen-exchange rates at three
temperatures for a peptide segment in an unprotected random coil state (dashed line) and in a
protected helical state (solid line). Given the degree of protection, expressed as the protection factor P
(=1/Ksp), one can derive Ky and the AG of helix stabilization. ApoA-I has AG of helix stabilization
ranging from ~3-5 kcal/mol*®. At neutral pH and room temperature, P; for these helices is ~10e”, which
corresponds with complete hydrogen exchange into the a-helical segments occurring in ~10 minutes
(Supplementary Figure 4B); i.e. all the helical segments of native apoA-I have opened and closed at
least once in this timeframe. To put this in context, a more stable globular protein such as cytochrome
C has a AG of helix stabilization of 10 kcal/mol corresponding to a P; of ~10e®, indicating that complete
hydrogen exchange would require ~10 weeks. Given this degree of secondary structure dynamics, the
overall high content of random coil, and the number of solvent exposed hydrophobic residues in apoA-I,
it may not be possible to fully capture apoA-I structure in a single model. At physiological temperatures,
apoA-1 may adopt many of the structures shown in Fig. 1. However, our model is a time-averaged
structure derived from experimental data obtained on a time scale that is much longer than typical
secondary structure oscillations. For this reason, we think of it as a base model upon which
hypothesized dynamics and conformational alterations can be further tested or modeled.

Another issue relates to the notion of solvent accessibility of the cross-linking reagents. While
most cross-links fit the model in terms of Euclidian distance (‘as the crow flies’), nearly half are impeded
by some obstruction. For example, the cross-link path may be sterically hindered by a side chain
rotamer from a non-participating residue or it may pass through the backbone of an adjacent helical
domain. The answer to how this can happen most likely lies in protein dynamics. Cross-linking



experiments are completed on the time scale of minutes to hours, substantially longer than the
timescale described above for helix opening and closing. Thus, a-helical domains in apoA-I have
unfolded and refolded multiple times allowing cross-linker access to amines that are otherwise
inaccessible. Furthermore, it is possible that cross-links may stabilize low probability structures, which
would facilitate these observations. However, previous reports have shown excellent consistency
between observed cross-links on solution structures with crystal structures of apoA-1"*#* “2 and apoA-
IV* and non-apolipoproteins**“® validating the approach. It's important to recognize that in vitro studies
presented here are performed on an ensemble of structures that vary at any given time point during the
experiment. Additionally, it's likely that most of the dynamics are localized; i.e. lipid-free apoA-I likely
exists as a discrete structure that exhibits characteristics of a molten globular protein. Thus, the model
represents a time-average of those ensembles and cross-links that appear sterically hindered or
solvent inaccessible likely occur on an alternate conformation within the boundaries of the experimental
system. Additional studies are needed to better define these boundaries and the extent of
rearrangement apoA-I can achieve in vivo and in vitro.

Finally, despite its consistency with much of the known structural data, we note that the model is
still limited in resolution compared to NMR or X-ray crystallography. The general backbone
configuration is likely correct, but more refined molecular interactions such as salt-bridging and
hydrogen bonding are still unclear. While the protein clearly has a somewhat defined structure and
shape as captured by SAXS, the exact lengths of helical domains, the precise positions of N- and C-
termini and even the integrity of the helical bundle itself are likely to be in flux on the timescale of
seconds. Highly unstable helices (P<10) that have AG stabilization of < 1.3 kcal/mol and are open >
10% of the time are not detected in the timescale of the H-DX kinetic experiments but are detected by
CD measurements. However, truncation of the C-terminus from residue 243 to residues 221 and 231
reduces CD-detectable helix content by 14 and 7 amino acid residues, respectively*®*. On the basis of
such observations, Mei and Atkinson® suggested that the segment spanning residues 231-241
contains a-helical structure. This C-terminal segment is located near the N-terminus (Fig. 5c) and it
may contribute to the stabilization of the NT helix bundle induced by the C-terminal domain*’. The
existence of such a C-terminal helical domain is further supported by preliminary molecular dynamics
simulations of the new model (Segrest et al, unpublished observation).
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