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In any scientific discussion it is paramount to recognize
what is agreed upon and what are the areas of contention.
We are happy to conclude that Rees and Eisenberg in their
recent commentary1 agree with us2 that membrane pro-
teins are not “inside-out” proteins. They also concede1 that
their original article, describing the use of the hydrophobic
moments to model and understand membrane protein
structure,3 is conceptually incorrect, because it is based on
the “inside-out” nature of membrane proteins as its founda-
tion. The disagreement is based upon whether Rees and
Eisenberg’s 1989 Science article entitled “Hydrophobic
organisation of membrane proteins”4 is also a proponent of
the “inside-out” nature of membrane proteins. Rees and
Eisenberg, now claim1 that their intentions in their 1989
Science article were to discredit the “inside-out” nature of
membrane proteins. We could not disagree more, in fact
Rees and Eisenberg’s 1989 Science article is one of the
strongest and most influential proponents of the “inside-
out” nature of membrane proteins as we readily demon-
strate below.

The original concept for the “inside-out” model for
membrane proteins was introduced by Engelman and
Zaccai,5 after a neutron diffraction study of bacteriorhodop-
sin. In referring to bacteriorhodopsin it is stated that5:

“ . . . the protein is inside-out compared with normal
distribution of polar and non-polar amino-acids found in
soluble proteins.”

Although this model may have been useful to describe
some of the unusual properties of this archaean protein, it
is clearly of limited applicability to the structures solved
since. For the currently published high-resolution struc-
tures, hydrophobic organization is a poor indicator of the
orientation of transmembrane helices.6,2

Rees and Eisenberg’s 1989 Science article4 describes the
study of the hydrophobic organization of Rhodobacter
sphaeroides PRC and is highly supportive of the “inside-
out” nature of membrane proteins. Indeed, one only needs
to look at the first two sentences of the abstract in order to
come to this conclusion:

“Membrane-exposed residues are more hydrophobic than
buried interior residues in the transmembrane regions of
the photosynthetic reaction center from Rhodobacter spha-

eroides. This hydrophobic organisation is opposite to that
of water-soluble proteins.”

If the residues in the exterior are more hydrophobic than
the residues in the core, and this situation is reversed from
water soluble proteins (which are “outside-out”), how can
PRC not be “inside-out” according to Rees and Eisenberg?4

To reiterate, since water soluble proteins are “outside-out”
and the hydrophobic organization of the PRC is opposite to
that, then PRC cannot be “outside-out” as well. The above
quotation from Rees and Eisenberg’s PRC study unambigu-
ously specifies a direction for the TM helix amphipathicity,
whereby the more polar residues are oriented towards the
core of the protein.

Polarity is a relative concept, in which one should
compare the polarity of a solute with the polarity of its
solvent. Water is less polar than brine, TM helices are less
polar than water, and decane is less polar than TM helices.
Rees and Eisenberg’s analysis indicated that, compared to
the lipid solvent, PRC has a polar core.4 The magnitude of
the core hydrophobicity may be comparable to the cores of
aqueous domains, but given that our interests were con-
cerned with the residues within the plane of the lipid
bilayer, the PRC article does indicate that the core was
more polar than the exterior of the protein and the lipid
environment. In our analysis a different conclusion was
reached: The polarities of the core and exterior of mem-
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brane proteins are indistinguishable. The reasons for the
difference between the two studies are twofold:

(I) Our analysis was based on a much larger data set than
that used by Rees and Eisenberg which consisted of
only one (non-homologous) protein. The hydrophobic
moments calculated by Rees and Eisenberg for proteins
other than PRC are of no consequence. This is due to
the fact that the correlation between the direction of
these moments and the helix accessibility vectors can-
not be made, because the protein structure is unknown.

(II) The algorithms used in our analysis did not take
protein-specific, often charged co-factor–binding resi-
dues into account.

In no way do we suggest that the polar core of PRC is
comparable in magnitude to the surface of aqueous pro-
teins. We think it obvious that a discussion of a polar core
should be taken in relation to the polarity of the environ-
ment, for it is widely known that, irrespective of amphipath-
icity, TM helices are generally hydrophobic in nature. It is
this fact that enables their detection by hydropathy algo-
rithms.7

To conclude, we contend that not only did Rees and
Eisenberg’s PRC article not discredit the “inside-out”
model as they now claim, “our very article4 that discred-
ited this model 10 years ago”,1 but in fact strengthened it.
It is for this reason that we2 and so many others have cited
it when referring to the paradigm describing membrane
proteins as “inside-out.” As an example we quote but a few
key references in which the “inside-out” nature of mem-
brane proteins is referred to and the reference provided is

Rees and Eisenberg’s 1989 Science article:4 “ . . . bilayer
exposed residues of membrane proteins are more hydropho-
bic that the interior residues . . . ”;8 “ . . . since transmem-
brane helices within membranes are widely noted to
contain examples of polar and charged residues, they can
also pack through hydrogen bonding and electrostatic
interactions.”;9 “The lateral position of helices is deter-
mined by the strength of the inter-helix binding estimated
from the polar interaction field . . . ”.10

REFERENCES

1. Rees DC, Eisenberg D. Turning a reference inside-out: commen-
tary on an article by Stevens and Arkin entitled: “Are membrane
proteins ‘inside-out’ proteins?” Proteins 1999;36:135–143. Pro-
teins 1999;38:121–122.

2. Stevens TJ, Arkin IT. Are membrane proteins “inside-out” pro-
teins? Proteins 1999;36:135–143.

3. Eisenberg D, Schwarz E, Komaromy M, Wall R. Analysis of
membrane and surface protein sequences with the hydrophobic
moment plot. J Mol Biol 1984;179(1):125–42.

4. Rees DC, DeAntonio L, Eisenberg D. Hydrophobic organization of
membrane proteins. Science 1989;245(4917):510–3.

5. Engelman DM, Zaccai G. Bacteriorhodopsin is an inside-out
protein. Biophysics 1980;77(10):5894–5898.

6. White SH, Wimley WC. Membrane protein folding and stability:
physical principles. Annu Rev Biophys Biomol Struc 1999;28:319–
365.

7. Engelman DM, Steitz TA, Goldman A. Identifying nonpolar
transbilayer helices in amino acid sequences of membrane pro-
teins. Annu Rev Biophys Biophys Chem 1986;15:321–53.

8. Dieckmann GR, DeGrado WF. Modeling transmembrane helical
oligomers. Curr Opin Struc Biol 1997;7(4):486–494.

9. Deber CM, Goto NK. Folding proteins into membranes. Nat Struct
Biol 1996;3(10):815–818.

10. Suwa M, Hirokawa T, Mitaku S. A continuum theory for the
prediction of lateral and rotational positioning of alpha-helices in
membrane proteins: bacteriorhodops. Proteins 1995;22(4):363–
377.

464 COMMENTARY


	REFERENCES

