Caveolin-1 is similar to the regulatory loop and lipid binding core of the PITPa
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Caveolae have a multitude of functions in growth, regulation of signalling and lipid transport,
and likely provide a platform to catalyze reactions at the special boundary of plasma
membrane and intracellular environment. Lipid binding has been shown for the caveolin-1
protein, it has been found to interact with cholesterol and phosphatidylcholine via its
scaffolding region of 20 residues which is proximal to the membrane span of 31 residues. It is

found that by a HMM-HMM (Hidden Markov Model) comparison HHpred the top ranking
match is PITP (phosphatidylinositol transfer protein) a. Structural overlay by MODELLER

demonstrates that a regulatory loop and part of the lipid binding core of the unconventional
lipid transfer protein match the full length caveolin-1 protein. Strikingly, part of the caveolin-

1 scaffolding region (residues 86-101) corresponds to the structurally invariant part of the

lipid binding core of PITP a that interacts with the membrane bilayer.

Remote homology tracking and structure prediction is easily achieved with HHM (Hidden Markov
Model) comparison that incorporates the PSIPRED predicted secondary structure score and relates
these to actual or predicted DSSP values for structures of database entries (1). The probability of a
template to be a true positive is calculated from the distribution of amino acid residues in the
alignments using the secondary structure score. Using the secondary structure predicted search with

caveolin-1 (2-3) in local alignment mode including global MAP realignment the automated

procedure listed PITP o with a P-value of 0.64 x 10 as the top entry and with a full length

alignment against residues 77-269 of the 271 amino acid protein PITP a. Other alignments were

truncated or not top-listed. Residues 119-190 of the regulatory loop of PITP o (4) are approximately
aligned with amino acid 29 to 86 of the N-terminal loop of caveolin-1 and can be extended into the
lipid-binding helix F that matches the putative membrane span of 31 amino acids of the caveolin-1
(Fig. 1). Strikingly, the scaffolding region of residues 82-101 of caveolin-1 matches the structurally
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invariant part of PITP a that serves to contact the membrane and interact with the lipid bilayer.
Schouten et al. have determined the stucture of PITP o at 2.0 A resolution and predict that
movement of the C-terminal part and the N-terminal lipid exchange loop of residues 65-83 allows
this structurally invariant part of PITP o including Lys202, Trp203, Trp204 and Lys209 to contact
the membrane bilayer to bind the lipid to be exchanged (4). Remarkably, these residues are
conserved in caveolin-1 (Fig. 1) and exposed to the environment (see Fig. 2c). At least two residues
are conserved in the entire family of the caveolin proteins that were included in the alignment with
further aromatic residues that could equally contact the bilayer in their vicinity (Fig. 1b). Three out
off four are found in all human caveolins with a further aromatic residue Tyr100 inbetween
generally found in all aligned caveolins. PITP a is reactive in transfering phosphatidylcholine (PC)
and phosphatidylinositol (P1) through the aqueous phase of the cytoplasm, yet a key role that was
determined in vivo is the presentation of Pl to Pl specific kinases and phospholipases. This Pl
specific kinase may thus not have to be released from the membrane, but is presenting the substrate
to other interfacial enzymes. Helix F would interact with the phospholipid acyl chains
nonselectively mainly by hydrophobic interactions and presentation to lipid modifying enzymes is
proposed to include head group binding to the regulatory loop residues 160-190. Unlike other lipid
or sterol binding carrier proteins Sec14p and the StAR-related domain and PITP a, caveolin-1 does
not contain the lipid exchange loop. In these other proteins they are active in closing the lipid
binding site to shield the hydrophobic acyl residues thus caveolins may only be catalyzing lipid
reactions at the interfacial region of the membrane bilayer.

The caveolin-1 alignment was used to model its 3 dimensional structure as input to MODELLER
with the 1kem_A structure of PITP a selected as a template (5). MODELLER is fully automatic and
yielded one three dimensional structure set that matched one sheet and five helices of the
approximate structure (Fig. 1b, 1c) in relatively good quality with the PITP o chain (Fig. 1a).

Residues matching Lys202 to Lys209 are fully exposed in caveolin-1 on one side of the molecule,



which would correspond to the caveolin-1 scaffolding domain with side chains pointing to the
exterior (Fig. 2c). Also the membrane span (white) is exposed and would serve to contact the
bilayer. This suggests that the same region that has been found to bind to cholesterol and
phosphatidylcholine in the caveolin-1 scaffolding peptide (6-8) is indeed aligned with the
structurally determined part of the lipid interface of PITP a.

Monier et al. have determined (9) that caveolin-1 oligomerization is enhanced by treatment with
fatty acyl CoA esters and that acylation of C-terminal cysteines of the protein itself may not be
required for this complex of 200 and 400 kDa molecular weight to form. Now fatty acyl CoA esters
can be envisioned to shield hydrophobic faces that could be in contact with the exchanged or bound
lipid (Helix F) possibly contacting two protomers in the caveolin-1 complex. In PITP a the
Cterminal region which is not well aligned with caveolin-1, both structurally and by primary
sequence, is a flexible region including a helix likely unwound to allow access of lipid to the lipid
binding region which is also involving disordering of C-terminal residues (4).

Our biochemical analysis from rat lung plasmalemmal caveolae isolated from the perfused animal
by a biochemical immunoisolation resulted in additional factors that could be assigned to this
purified organelle including ESA, ATP synthase and this ATP synthase is not present as
mitochondrial contaminant (10-12). And we have predicted it to carry out a key role in ATP release
in mechanosignalling with ATP as a paracrine signalling factor. Serendipitously, we also found the
microsomal form of NADH cytochrome B5 reductase tightly interacting with caveolin-1 in a high
molecular weight complex in a co-immunoprecipitate of caveolin-1 (cf. p. 77 from (10)) from this
highly purified rat lung membrane preparation. | would now suggest, that caveolin-1 is coupled to
this ternary chain of NADH cytochrome B5 reductase, cytochrome B5, and various fatty acyl CoA
desaturases which even act on some phospholipids (A 5 desaturase). In support of this role of
caveolin-1 it is evident from biochemical reaction studies that the catalytic activities of desaturases

can be stimulated by addition of bovine serum albumin. Similar to this activity in regulating



availability of fatty acyl substrates or their removal, caveolin-1 may channel substrates to the
ternary chain.

The HHpred (1) and a structural match fully support this function and provide a reasonable
prediction of the catalytic activity in lipid transfer or presentation. Yet, it remains to be determined
whether other functions are carried out through this modular protein since caveolin-2 e.g. can be
matched to RGS8, a regulator of G-proteins, and caveolin-3 to aquaporin-4, a water channel, which
is yet only in truncated domains. In agreement with this proposed function, the recently observed
lipid differences in caveolin-1 knockout mice included plasma changes of free cholesterol, PC and
determined elevated ratios of saturated to unsaturated cholesteryl esters (13). It remains to be seen

whether these are a consequence of decreased substrate provision to lipid desaturases.
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Figure 1

(a) The HHpred search (1) was used to search for caveolin-1 homologues in the database. The
pdb70_29Nov08 assembly was used. Upon iterative Psi Blasting, the secondary structure enhanced
output (PsiPred) listed 10 factors by their PDB structural name (Hit). These included Mus musculus
(1), Homo sapiens (2, 3, 8, 10), Escherichia coli (4, 6), Gallus gallus (synthetic domain of residues
123-148; 5), Tityus serrulatus (7) and Silicibacter pomeroyi (9) proteins: Probability of a true type
(Prob), an E value (calculated without secondary structure score), the P-value that indicates a
probability that in a pairwise comparison a wrong hit will be at least this good, Cols, the number of
aligned matching residues, the range of the query match (Query HMM) and template match
(template HMM) are indicated.

(b) The alignment generated by the procedure lists the secondary structure propensity (E or H)
(SS_pred) with a score (SS_conf). Template DSSP values determined from the 3 D structure by
Xray crystallography or NMR (ss_dssp) are indicated where available. The consensus sequence

from the query (caveolin-1) or template (1kcm_A) is indicated (Consensus).

Figure 2

1kem_A structure alignment with the lipid transfer/binding protein. (a) The structure of PITP alpha
is colored with the central core of the caveolin-1 residues aligned (Fig. 1) (green) from position 22-
112 corresponding to residues 112-219 of the phospholipid transfer factor. This was detected in
several alignments. The overlaid residues of the true modelled structure of caveolin-1 are shown in
(b). (c) The fully modelled backbone trace with side chains exposed in the caveolin scaffold stretch
(Lys 96, Tyr97, Trp98, Argl01) is shown with the membrane span colored in white. The extended
structure is aligned with a second strand, followed by the caveolae scaffold including the conserved

residues found in the membrane interacting part, and its membrane penetrating domain.
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Figure 2

PITP alpha




