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The coming together of two hands in prayer and the coming O Ry H O  Rphe H O Ry H
together of two hands in a handshake represent fundamentally N/kﬂ/N\)LN/H\/N N/H]/N‘Me
different interactions among chiral objects. Heterochiral and ho- o OH (:3 H g ﬁu H 9
mochiral interactions of this sort can also occur among biomolecular o) H2 Loioc ° =
structures. This communication asks which type of interaction is Bu 27 94 Q@ { )
preferred betweeis-sheets and finds that homochiral pairing is HZC‘NJKH/N N'N\[]/Fpr
strongly preferred to heterochiral pairing. H o A0

Interactions betweefi-sheets occur widely among proteins in ﬁe
biologically important processes as diverse as the dimerization of 1a Ry = R, = R| g, "L-Leu-Leu" 1c Ry = Ryg Ra = Rajq "L-Val-Ala"
HIV-1 protease, the interaction between Ras oncoproteins and ki-1b Ry = Ry = Ry, "L-Val-Val" 1d Ry = Raja Rz = Ryq "L-Ala-Val'
nase enzymes, and the aggregatiofi-amyloid! These interactions
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one chirality. Whether homochiral interactions betwgksheets /\H/N\‘)L
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are of course homochiral, because nature produces proteins of only
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of poly(p-lysine) and poly(-lysine)? Maggio and co-workers have

are preferred, however, is not clear from various reports scattered OHC = O Ry (e}

throughout the literature: Furhop and co-workers reported the pre- Bu H.C O H =

cipitation of heterochira-sheets upon mixing aqueous solution Hz(l:‘N)kﬂ/N N ier
H o
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demonstrated that the aggregatiorBedmyloid occurs witthomo- 1)
chiral selectivity, while Gervais and co-workers have found that 2aR;=Rs =R, "D-Leu-Leu" Me
the inhibition of 3-amyloid aggregation by small peptides derived 2b Ry = Ry = Ry, "D-Val-Val' 2¢ Ry = Ryg Ra = Rpjp "D-Val-Ala"

from S-amyloid occurs withheterochiral selectivity34 Although

enantiomeric HIV-1 protease has been synthesized, the formation Previous studies in our laboratory have establishedtshteets

of heterochiral HIV-1 protease dimers has not been repéfted. such as.-Leu-Leu (L&) andL-Val-Val (1b) exist as well-defined
Although the edges of botl+ andp-3-sheets put forth the same  dimers in organic solvents (Chart 2)3-Sheetsla and 1b form

pattern of hydrogen-bond donor and acceptor groups, the side chains

point in opposite directions. Homochiral pairing @Fsheets Chart 2. Homochiral 3-Sheet Dimer

generates structures in which the pleats and side chains of adjacent Me

p-strands are parallel to each other, while heterochiral pairing of o RY 0

f-sheets generates structures in which the pleats and side chains ‘ )J\ ij\ H

are antiparallel (Chart 1). N N CHz
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homochiral 3-sheet heterochiral g-sheet ch\NJHrN N,N\n/i-Pr
i R R R R H o s o
M N \( ,,)\ \( B Me
R R R homodimers 1a-1a and 1b-1b) in CDCl; solution. When mixed,
R R

these compounds equilibrate to form a heterodinierip). The
To test which pairing is preferred, we have prepared and studied anilide and hydrazide NH resonances of these species are well-
f-sheetdl, which comprise allL-amino acids, and-sheet, which resolved in the'H NMR spectrum, permitting the identification
comprise alb-amino acidg. Variants of each of these compounds and quantification of the dimers (Figure B-Sheetslc and 1d
were prepared that display different amino acids at two of the non- also form homo- and heterodimers that exhibit well-resolved anilide

hydrogen-bondeg-sheet interaction sites (Rnd R). These var- and hydrazide NH resonances.

iants are referred to by their chirality and the residues they display = When theL-3-sheets 1) are mixed with the enantiomeriz(-

as follows: L-Leu-Leu (La), L-Val-Val (1b), L-Val-Ala (1¢), L-Ala- sheets2), homochirals-sheet dimers predominate, and only small
Val (1d), p-Leu-Leu @a), p-Val-Val (2b), andp-Val-Ala (2¢). quantities of heterochirgb-sheet dimers form. Thus, mixing of
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hetero- Mixture h hetero- Table 1. Formation of Homo- and Heterochiral 5-Sheet Dimers?@
dlmer hetero- (ﬁtrﬁre? dimer
dimer hetero- | | laand2a  1band2b  1cand2c 1d and 2¢

dimer ratio 95.8:142 97.9:222 985:1% 42553.6:3.9
K 0.0079 0.0018 0.0009 0.0068

L-Val-Val homodimer L-Val-Val L-Val-Val homodimer AG (kcal/mol)d 31 3.9 42 32

(1b+1b) hydrazide (1b*1b) anilide

J}L NH resonances A NH resonance a CDCl;, 253 K.b [1:142:2]:[1-2]. ¢ [1d-1d]:[2c-2d:[1d-2(]. ¢ Sta-

tistically corrected free-energy differencAG = —RT In(K/4)).

. L-Leu-Leu .
L aia) hromosmer L aeta) s acid residues are involved in the interactionslaind 2, the free-
N NH resonances NH resonance energy differences observed correspond to a thermodynamic
w w w w preference of 0.60.8 kcal/mol per interacting residde.
12 1 10 (ppm)

Figure 1. 'H NMR spectra of the hydrazide and anilide NH groups of A number of explanations may be envisioned for the high

L-Leu-Leu peptideLa (lower),L-Val-Val peptidelb (middle), and a mixture enantioselectivity of molecular recognition petweépsheets.
of the two peptides (upper). Spectra were recorded at 500 MHz in £DCI Favorable nonbonded contacts between the adjgestiands may

at 253 K at 2.0 mM of each peptide. occur when the pleats and side chains point in the same direction.
Mixture _ This model might also explain the preferential formation of
hetsochial heterochiral heterochiral heterochiral -sheets in polyf-lysine) and poly(-lysine), as

dimer |

'mef heterochirals-sheet formation should minimize repulsion between

M A 10 the cationic lysine side chaifidlternatively, the well-known twist

of f-sheets might dictate that homochifaktrands, which should

D-Leu-Leu homodimer

homochiral dimer homochiral dimer twist in the same direction, fit together better than heterochiral
hydazide anilide NH resonance . P . . .
M NH resonances J p-strands, which should twist in opposite directions.
. LlevLouomodimer The enantioselective recognition betwegrsheets described
omochiral dimer omochiral dimer 1 1 1 1 1 1 1 1
hydraside anilido NH asonmace hereln dlffers' from the widely studleq _enantlos_electlvg binding of
JL NH resonances ligands by chiral receptors, because it involves interactions between
- " ' 1'0( ) partners of comparable size and achieves selectivity through the
ppm

Figure 2. H NMR spectra of the hydrazide and anilide NH groups of type of shape complementarity that occurs in a handshake, rather

L-Leu-Leu peptidd.a (lower), b-Leu-Leu peptidea (middle), and amixture ~ than the sort of lock-and-key complementarity that typically
of the two peptides (upper). Spectra were recorded at 500 MHz in £DCI characterizes molecular recognition between partners of largely
at 253 K at 2.0 mM of each peptide. The peak at 10.52 ppm is an impurity unequal size¥?
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