JIAICIS

ARTICLES

Published on Web 06/17/2004

Water Molecule Adsorption on Short Alanine Peptides: How
Short Is the Shortest Gas-Phase Alanine-Based Helix?

Motoya Kohtani and Martin F. Jarrold*

Contribution from the Chemistry Department, Indiana Lbrsity, 800 East Kirkwood #enue,
Bloomington, Indiana 47405

Received February 9, 2004; E-mail: mfi@indiana.edu

Abstract: Water adsorption measurements have been performed under equilibrium conditions for unsolvated
Ac-AK+H* and Ac-KA,+H* peptides with n = 4—10. Previous work on larger alanine peptides has shown
that two dominant conformations (helices and globules) are present for these peptides and that water adsorbs
much more strongly to the globules than to the helices. All the Ac-KA,+H" peptides studied here (which
are expected to be globular) adsorb water strongly, and so do the Ac-A,K+H™" peptides with n < 8. However,
for Ac-A,K+H™ with n = 8—10 there is a substantial drop in the propensity to adsorb water. This result
suggests that Ac-AsK+H™ is the smallest Ac-A,K+H* peptide to have a significant helical content in the
gas phase. Water adsorption measurements for Ac-V,K+H" and Ac-L,K+H* with n = 5—10 suggest that
the helix emerges at n = 8 for these peptides as well.

Introduction interactions or any other method of inducing a helix, have been
shown to be up to 80%-helical in aqueous solution at°C
(primarily because of the high helix propensity of alanine). There
is evidence suggesting that for short helical sections in proteins
and peptides €6 residues) a 3-helix (with i,i+3 hydrogen
bonds) is competitive with a-helix with (j,i+4 hydrogen

Residues near the center of an extendelelix form two
helical hydrogen bonds (to the backbone CO and NH groups)
but at the ends of a helix, half of the hydrogen bonds are
missing. The first four N-H groups at the N-terminus and the

first four CO groups at the C-terminus of an uncapped peptide bonds)” In proteins, 3x-helices often occur at the ends of

do not form hellca! hydrogen bonds. Consequently,_ asa he.“X a-helices® Recent theoretical studies also suggest that the 3
becomes shorter, it becomes less stable. Short helical sectlon?1 L .
elix is the lowest energy conformation for capped neutral

are common in proteins where their ends are usually Cappedpolyalanine peptides in the gas pha3@.In addition to the

by interactions with side chains from other residues. But for | » . . .
- . - ) . natural” peptides mentioned above, a variety of methods have
small isolated peptides, the helical conformation was believed y " ) : . .
been used to “force” peptides into a helical conformation.

to be .unstable. un_tll relat!vely recently. Beginning with the first designed peptideshort helices have
Helix formation in solution is usually not a two-state problem been made by a variety of methods such as metal ion

involving only fully helical and completely nonhelical confor- bindingt2-14 (the shortest being a pentapeptRleN-terminal

mations. Instead, there is an epsemple of partially helical and C-terminal capping templatts20 and side chain tethers
structures that can be characterized in terms of an average

. . ) or hydrogen bond mimic%.22

fraction or percentage of the residues that are helical. The ydrog
statistical mechanical models ofhelix formation originall

. . g y (7) Sheinerman, F. B.; Brooks, C. I. Am. Chem. S0d.995 117, 10098~
proposed by Zimm and Braggand Lifson and Roij can 10103,

i i ix (8) Barlow, D. J.; Thornton, J. MJ. Mol. Biol. 1988 201, 601-619.

account fo.r these obsgrvatlons. These models, which breaki helix (9] Schafer, L: Newton S. . Cao, M. Peeters. A vVar Alsenoy. C.. Wolinski,
formation into nucleation and propagation steps, also predicted K.; Momany, F. A.J. Am. Chem. Sod993 115 272-280.

i i it iffi (10) Topol, I. A.; Burt, S. K.; Deretey, E.; Tang, T.-H.; Perczel, A.; Rashin, A;;
that short peptides should n_o_t be hellc_al because |t_ is difficult Cobmadia. | GJ. Am. Chem. SoB001 153 6054-8060.
to overcome the low probability for helix nucleation in a short (11) Marqusee, S.; Baldwin, R. Proc. Natl. Acad. Sci. U.S.A987, 84, 8898~
peptide3.'4 8902.

The fact that relatively short peptides can assume-aglical

structure is now well establishédn particular, peptides such
as Ac-AKA KA sKA-NH ,, with no helix stabilizing side chain

(6) Millhauser, G. L.Biochemistry1995 34, 3873-3877.

(12) Ghadiri, M. R.; Choi, CJ. Am. Chem. S0d.990 112 1630-1632.

(13) Ruan, F.; Chen, Y.; Hopkins, P. B. Am. Chem. Sod.99Q 112 9403-
9404,

(14) Siedlecka, M.; Goch, G.; Ejchart, A.; Sticht, H.; Bierzynki,Proc. Natl.
Acad. Sci. U.S.A1999 96, 903-908.

(15) Kelso, M. J.; Hoang, H. N.; Appleton, T. G.; Fairlie, D. R.Am. Chem.
Soc.200Q 122, 10488-10489.

(1) zimm, B. H.; Bragg, J. KJ. Chem. Phys1959 31, 526-535.

(2) Lifson, S.; Roig, AJ. Chem. Physl1961, 34, 1963-1974.

(3) Woijcik, J.; Altmann, K. H.; Scheraga, H. Biopolymersl99Q 30, 121—
134.

(4) Rohl, C. A.; Chakrabarty, A.; Baldwin, R. Protein Sci.1996 5, 2623~
2637

(5) Scho'ltz, J. M,; Baldwin, R. LAnnu. Re. Biophys. Biomol. Structl992
21, 95-118 and references within.
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method for probing conformation). The mobility of an ion, how
rapidly it travels through an inert buffer gas under the influence
of a weak electric field, depends on its average collision cross
section, which in turn depends on the ion’s geometry. For
peptides with more than 10 residues, it is easy to distinguish
between helical and globular conformations. However, for
smaller peptides it becomes increasingly difficult to make this
distinction because the difference between the cross sections
of the helices and globules becomes small. Thus it is difficult
to determine the size of the shortest stable helix from ion
mobility measurements. Since the larger AgKA-H™ peptides

are completely helical in the gas phase, the size of the shortest
stable helix provides important information about the intrinsic
stability of the helical conformation. Spectroscopic approaches
to studying the conformations of unsolvated peptides (such as
IR ion dip spectroscopy) are currently limited to individual
amino acids and peptides with only few amino a&tg® Thus

both ion mobility measurements and spectroscopic methods are

Figure 1. A representative Ac-AK-+H* a-helix from molecular dynamics  currently unable to address the question of the shortest unsol-
simulations with the CHARMM force field. The C-terminus end is \5ted helix.

magnified to show the hydrogen bonds (green dashed lines) between the o

lysine —NHg" group and the dangling carbony! groups at the C-terminus. I @ recent publication, we reported that globular Ac-

KA 1s+HT and Ac-KAyq+H™ peptides adsorbed a single water
molecule much more strongly than helical AgsK+H* and
Ac-AK+HT.22 In fact, we were not able to observe the Ac-
A1sK + HY4+H,0 and Ac-AK-+H"+H,O complexes under
equilibrium conditions for any combination of temperature and
water vapor pressure we employed. This observation suggests
the possibility of using water adsorption as a probe of helix
formation for the smaller peptides where ion mobility measure-
ents are not able to effectively distinguish helical and globular
conformations. The idea of using ion equilibrium measurements
as a structural probe is not new. Maufifef? and Kebarlé?34
have studied the hydration properties of simpler molecular ions
extensively and used the results to make inferences about

In our laboratory, we have studied helix formation in
unsolvated peptides. The motivation for these studies is that
the intrinsic structural properties of the peptide can be resolved
from those imposed by interactions with the solvent. A variety
of different environments are important in biological systems,
ranging from aqueous solution to the hydrophobic interior of
membranes. Studies of unsolvated peptides provide a startin
point for investigating how the geometry depends on the
environment. We have found that two conformations are
important for unsolvated peptide ions based on nonpolar residue
(alanine, valine, and leucine): the helix and the globule (a
compact, random-looking, three-dimensional structure). The . ) .

. s . - : structure on many occasions. Thus, the method itself is well
conformation of peptide ions in vacuo is strongly influenced

. . . . _established.
by the location of the charge. Placing a protonated lysine side )
chair®3 or an alkali metal catici at the C-terminus stabilizes Here we report the results of water adsorption measurements

an a-helix through favorable interactions of the charge with (Performed under equilibrium conditions) for Ac-KAH™ and

the helix macrodipole. Helices with a C-terminus lysine (as AC-AnK+H™ (n=4-10) to probe helix formation in the smaller
considered here) are also stabilized by helix capping interactionsAC-AnK+H? peptides (the Ac-KA+H™ peptides are expected
where the protonated amine from the lysine side chain forms t©© e globular for all values ofi). A substantial difference
hydrogen bonds to the dangling CO groups at the C-terminus Petween the water adsorption properties of the AcrKA™

of the helix, as illustrated in Figure 1 (which shows representa- @'d Ac-AK+H™ peptides first emerges at = 8. This

tive Ac-AgK+H* o-helix from molecular dynamics simulations ~ 0Pservation is interpreted as indicating that AgKAH™ is the

with the CHARMM force field). On the other hand, if the basic SMallest Ac-AK+H™ peptide to show a significant helical
lysine residue is located at the N-terminus, the interaction of content. Water adsorption measurements were also performed

the charge with the helix macrodipole destabilizes the helix and for ACVaK+HT (n=5-10) and Acl.K+H" (n = 5-10). The

the peptide adopts a globular conformation. Thus AB-AH" results suggest the helix first emerges at 8 for these peptides
peptides (Ac= acetyl, A= alanine, and K= lysine) withn = as well.

15—20 are completely helical in the gas phase while the Ac-

KAn+H+ ana|ogues are g|0bu|a§_—28 (25) Hudgins, R. R.; Jarrold, M. B. Am. Chem. S0d.999 121, 3494-3501.

. i . . (26) Lee, Y. H.;Jung, J. W,; Kim, B.; Butz, P.; Snoek, L. C.; Kroemer, R. T;
The structures described above were assigned using ion  Simons, J. PJ. Phys. Chem. 2004 108 69—73.

mobility measurements (the main mass Spectrometry based(27) Dian, B. C.; Longarte, A.; Winter, P. R.; Zwier, T. 5.Chem. Phys2004

120 133-147.
(28) Unterberg, C.; Gerlach, A.; Schrader, T.; Gerhards].MChem. Phy2003
(20) Schneider, J. P.; DeGrado, W. F.Am. Chem. Sod 998 120, 2764 118 8296-8300.
2767. (29) Kohtani, M.; Jarrold, M. FJ. Am. Chem. So2002 124, 11148-11158.
(21) Phelan, J. C.; Skelton, N. J.; Braisted, A. C.; McDowell, R.&m. Chem. (30) Mautner, M.J. Am. Chem. Sod.984 106, 1257-1264.
So0c.1997, 119, 455-460. (31) Mautner, M.J. Am. Chem. S0d.984 106, 1265-1272.
(22) Cabezas, E.; Satterthwait, A. L Am. Chem. Sod999 121, 3862-3875. (32) Mautner, M.J. Am. Chem. S0d.988 110, 3075-3080.
(23) Hudgins, R. R.; Ratner, M. A.; Jarrold, M. B. Am. Chem. Sod 998 (33) Klassen, J. S.; Blades, A. T.; Kebarle JPPhys. Chenl995 99, 15509~
120, 12974-12975. 15517.
(24) Kohtani, M.; Kinnear, B. S.; Jarrold, M. B. Am. Chem. So200Q 122, (34) Blades, A. T.; Klassen, J. S.; Kebarle, > Am. Chem. Sod996 118
12377+12378. 1243712442,
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Experimental Section T T T T

Mp=—————————— —a—
All experimental data were obtained using a temperature-variable % L - jtﬁj'\‘-::bﬂ i
injected-ion drift tube apparatus that has been described in detail ®  AcLK+H {
. . o A Ac-KA +H
elsewheré® Briefly, desolvated ions are produced by an electrospray v 60 | i —
source with a heated capillary interface and pass through a differentially -
. S . i = 40 g _
pumped region before being injected into a 30.5 cm long drift tube. —
As the ions enter the drift tube, they are collisionally heated and then 20 = -
rapidly cooled to the drift tube temperature by collisions with the buffer 1 | i A & a
gas. Because of this transient heating cycle, the peptide ions are not 0 'f T | 1
expected to retain a memory of their solution phase conformations. 4 6 8 10
The drift tube consists of four sections that can be cooled with liquid Number of Ala/Val/Leu residues

nitrogen. The temperature of each section is regulated to better than,:,gu,e 2. Plot of 10/Keq (WhereKeqis the measured equilibrium constant
+0.5 K with microprocessor-based temperature controllers coupled to for adsorption of the first water molecule onto the peptide in question)
solenoid valves that regulate the liquid nitrogen flow. The drift tube against the number of nonpolar residues for AcrkM*, Ac-ApK+H,
contains a series of guard rings that establish a uniform electric field Ac-VaK+H*, and Ac-LiK+H". The error bars are the standard deviation
along its length. A helium buffer gas pressure of around 4 Torr was °f the mean.

employed. After traveling down the drift tube under the influence of a A peptides were synthesized on an Applied Biosystems model 433A
weak electric field, some of the ions exit through a small aperture. peptide synthesizer usingastmocchemistry. After cleavage with a
These ions are focused into a quadrupole mass spectrometer, and aftegocktail of 95% trifluoroacetic acid (TFA) and 5% water, the peptides
being mass analyzed, they are detected by an off-axis collision dynodeyere precipitated, centrifuged, and then lyophilized. The peptides were
and dual microchannel plates. Drift time distributions were obtained ysed without further purification. The electrospray solutions consisted

by admitting a short pulse of peptide ions into the drift tube and of 2 mg of peptide in 1.0 mL of TFA and 0.1 mL of water.
recording their arrival time distribution at the detector. The arrival time

distribution is then converted into a drift time distribution by accounting Experimental Results

;or:he flight time outiidde eftthe dlrl?ft_tube. The driftt_times fqr the tmaidn . Figure 2 shows a plot of fﬂ(eq (WhereKeqis the measured
eamures fre converted info cOiSton cross sections using standar equilibrium constant for adsorption of the first water molecule)
methods® . . . .

against the number of nonpolar amino acid residues (Ala, Val,

Water adsorption measurements were performed by admitting a . . .
known partial pressure of water vapor into the drift tube and obtaining or Leu) in the peptides. Peptides that adsorb water weakly have

the intensity of the reactant and product ions from the mass spectrum./arge values of IKeq while peptides that adsorb water strongly
The equilibrium constant for water adsorption is calculated from the have small values. The dashed line a¥/&gq = 100 represents

following expression: a (somewhat conservative) limit beyond which it is difficult to
quantify the peptide water complex. The value of/kQ, =
low 100 corresponds to a peptiderater complex abundance of
Keq= 1P around 1% of the unsolvated peptide intensity. As described in

the Introduction, peptides with globular conformations are
where I, and I+, are the integrated intensities of the peptide and €XPected to adsorb a water molecule (and have small values of
peptide-water complex peaks in the mass spectrum, Bads the 10°/Keg), while peptides with helical conformations are not
partial pressure of water vapor in the drift tube in atmospheres. A leak expected to adsorb water under the conditions employed (and
valve was used to regulate the water vapor pressure, and the measuredo they are expected to have a large value f&/Klg). Thus
pressure was corrected for the buffer gas flow. The corrected water the 1@/Keq values provide a measure of helix content. For the
vapor pressures were aroune 12 mTorr with 4 Torr of He buffer Ac-KA+H* peptides (black triangles in Figure 2), the’lQq
gas. We have considered possible sources of error in these measureyg|yes remain small from = 4 up ton = 10 but show a small
ments in deteul in prevno.us.publlcatloﬁ%?7 The present study was | \ovimum forn = 7. For Ac-AK+H*, the 16/Keqvalues start
conducted with arE/p (drift field/total pressure) of-2.3 V/cm Torr small and closely track the values for the Ac-kiH" peptides

which meets the low-field criterféin similar studies®*The effective ton = 7. Bevondn = 7. the 16/K | . harol
temperature increase for the ions in the drift tube due to acceleration up = (. beyondn = 7, eq ValUES Increase sharply

from the electric field is estimated to be well below *KLowering for Ac-AnK+H* and approach the #Keq= 100 limit for n =
the drift voltage from 280 to 180 V gave identical results, which 10. The 10/Keq values for Ac-WK+H™ and Ac-LiK+H*
confirms that we are measuring equilibrium constants (rather than closely track the results for the AcsK+H™ peptide.
reaction kinetics) and that the measured values are independent of Collision cross sections were measured at the temperature
conditions. The measurements reported here were performed with aused for the hydration studies (223 K). The 223 K cross sections
drift tube temperature of 223 K. This low temperature is necessary to are slightly but systematically larger (by around § Aan the
promote water adsorption. The conditions employed here are similar ygjues measured at room temperature. This uniform increase is
to those used in our previous study of water adsorption on helical and ot indicative of a structural change but is due to the long-
globular alanine-based peptics. range interactions between the peptide ion and the helium buffer
(35) Kinnear, B. S.: Hartings, M. R.. Jarrold, M. . Am. Chem. So@00L gas becomlng more |r_npqrt&1nt as the temperature is lowered.
123 5660-5667. Hence, there is no indication that the peptide structures probed

(36) V'\Gﬁ‘es)‘,’.”'N'iwA\jo':ffDlggig" E. WTransport Properties of lons in Gases i the hydration experiments at 223 K are different from those

(37) Kohtani, M.; Breaux, G. A.; Jarrold, M. B. Am. Chem. So@004 126, present at room temperature.
1206-1213.
(38) Keesee, R. G,; Lee, N.; Castleman, A. W.,JrAm. Chem. Sod.979 Discussion

101, 2599-2604.
(39) i(slgis?en,.].S.;BIades,A.T.;Kebarle,]PPhys. Chenl995 99, 15509- lon mobility measurements for ACTK+H+ and Ac-

(40) Wannier, G. HPhys. Re. 1951, 83, 281—289. KX +H* peptides with X= Ala, Val, and Leu anch > 10
8456 J. AM. CHEM. SOC. = VOL. 126, NO. 27, 2004
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show that the Ac-¥K+H™ peptides have systematically larger of strongly binding clefts and pockets is more difficult. At the
collision cross sections than their Ac-KXH™ analogueg?2541.42 same time, the self-solvation shell around the protonation site
The lowest energy conformations found in molecular dynamics is expected to become less crowded. So at some point it should
(MD) simulations for Ac-X%K+H" peptides withn >10 are become favorable to bind the water molecule to the protonation
helices, while, for Ac-KX+H" peptides, the lowest energy site#34 It is evident from Figure 2 that the Ac-KAH™
conformations are globules. Average cross sections calculatedpeptides (which are expected to be globular) remain strong
for the low energy conformations derived from the MD adsorbers of water (low values ofIReg) fromn = 10 ton =
simulations match the measured cross sections to within the4. There is a small maximum in the ¥, values atn = 7
expected uncertainty. In the simulations, it is assumed that thewhich may be related to a change in the nature of the interaction
lysine carries that charge and, hence, the structural differencebetween the peptide and the water molecule with peptide size.
between the Ac-¥K+H™ and Ac-KX,--H™ peptides results Because the backbone carbonyl and amide groups are
because in the former the charge interacts favorably with the involved in helix hydrogen bonds in the helical AgsK+H"
helix macrodipole (stabilizing the helix), while, in the latter, and Ac-AWK+H™ peptides, they are not available to form
where the charge is at the N-terminus, the interaction with the hydrogen bonds to a water molecule. Thus, in the simulations,
helix macrodipole is helix destabilizing. The helical conforma- the most favorable site to bind a water molecule is at the ends
tion is also stabilized by hydrogen bonds between the protonatedof the helices, where hydrogen bonding sites are available.
amine group of the lysine side chain and the dangling carbonyl However, it is not possible to generate a network of hydrogen
groups at the C-terminus of the helix (see Figure 1). This helix bonds, and the water is only weakly bound to the ends of the
capping interaction is stabilizing for short and long peptides, helices. This behavior is not expected to depend strongly on
while the interaction between the charge and the helix macro- the length of the helix, so water adsorption should be unfavor-
dipole is expected to show a dependence on the length of theable for all helices, regardless of their length.
helix. Comparison of the measured cross section for Ac- It is evident from the results shown in Figure 2 that the Ac-
A1oK+H*T (234 A?) with cross sections calculated for ideal AnK+HT peptides witn < 8 bind water strongly and the 30
7-helix (224 A?), a-helix (234 A), 3;¢-helix (251 A?), and a Keq values are similar to those for the globular Ac-jAH™"
polyproline I helix (325 &) show that the ideat-helix provides peptides. Thus the Ac«&K-+H™* peptides withn < 8 are
the best match to the experimental value and that thé&ix assigned to globular conformations. For AgkA+-H™, there is
(suggested by some calculations to be the lowest energya substantial difference in the %R, values for the Ac-
conformations for capped neutral polyalanine pepfid@san KArt+H" and Ac-AK+H™ peptides. Fon > 8, the 10/Keq
be ruled out. values for the Ac-AK+H™ peptides increase sharply and
For n < 10, the difference between the calculated cross @PProach the limiting value of #Keq = 100 atn = 10. Thus
sections for the helical and globular conformations becomes the transition between the helix and globule appears to occur
small enough that it is no longer possible to make structural P&weem = 8 andn = 10, withn = 8 being the smallest peptide

assignments with confidence. While the Ac-KdH* peptides  With @ significant helical content. g .

are expected to retain globular conformationstor 10, the If the helix and globule coexist in the transition region but
Ac-XK-+H" peptides are expected to undergo a transition from do not interconvert, the measured equilib_rium constants may
helical to globular a1 decreases because the helix becomes d€pend on the water vapor pressure, while the absence of a
less stable as the peptide gets shorter. The measured croskréssure dependence suggests that the helical and globular
sections for the smaller AcK-+H" peptides remain slightly conformations interconvert on the experimental time scale

but significantly larger than those for the Ac-KAH™' analogues (a}round 10, m.s.). The measured equilibrium constants.do not
all the way down tan = 4. Thus they do not provide much of display a significant pressure dependence; however, this result

a clue as to where the transition to the globular conformation cannot really be used to distinguish between the two possibilities
OCCUrS. mentioned above because only a small fraction of the peptides

. . adsorb a water molecule in the transition region.
As mentioned above, previous work has shown that unsol- Water adsorption measurements were also performed for the
vated Ac-AsK+HT and Ac-AK+HT (which are helical) do P P

. ) N .
not adsorb water under equilibrium conditions, while Ac- valine and leucine analogues of the AgkA-H™ pepides. 19

; . Keq values for Ac-\iK+H™ and Ac-L.K+H* show the same
+ - + eq
KA1stH™ and Ac-KAwtH™ (which are globular) readily oo oo that found for the alanine peptides (see Figure 2).
adsorb a water molecufé.Molecular dynamics simulations

were performed in an effort to understand this difference, and -rr;negi(Zr}fcequsxgzclﬂctfsf’sl%j:‘rf%lT;r:i‘te;ti tinlo__ #%j'szﬁ

it was attributed to the globular conformation being able to bind appears that helices first appear for AgdA-H+ and Ac-

the water molecule through a net\_/vork of hydrogen bonds. The LnK+H" at around the same size as that for the alanine peptides.
most favorable water binding sites found for the globular

peptides are pockets or clefts where the water molecule is Conclusions

embedded and surrounded by multiple hydrogen bonding
partners. The water molecule does not appear to be bound t
the protonation site. In the simulations of the globular
AcKA 15+HT and AcKAggt+H™ peptides, the protonation site (41) Kinnear, B. S.; Kaleta, D. T.; Kohtani, M.; Hudgins, R. R.; Jarrold, M. F.
is already involved in multiple hydrogen bonds, and in order to 42) f{im;ércgems' _Sj’a‘f%?g }\Azz,;lgz,f%_%ﬁf,}] S0@001 123 79077908
introduce a water molecule into the self-solvation shell around (43) Kohtani. M.; Breaux, G. A.; Jarrold, M. B. Am. Chem. So2004 126,
the protonation site, it is necessary to displace one of the existing,, 1206-1213.

; i X Liu, D.; Wyttenbach, T.; Barran, P. E.; Bowers, M.JT. Am. Chem. Soc.
hydrogen bonding partners. For smaller peptides, the formation 2003 125, 8458-8464.

In this work we have explored the possibility of using water
Oadsorption measurements to distinguish between helical and
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globular conformations of unsolvated Ag#-+H™ peptides Forn = 8—10. the 10/K¢q values increase sharply suggesting
with X = Ala, Val, and Leu. Forn < 10, ion mobility that a transition to helical conformations occurs in this size
measurements are not effective in distinguishing between theserange. Results for Ac-MK-+H™ and Ac-KL,+H™ suggest that
two forms because they have similar cross sections. We find the transition to a helical conformation occurs in a similar size
that Ac-KA+H" with n = 4—10 adsorb water strongly, which  range to the alanine peptides.

is consistent with these peptides retaining globular conforma-

tions, as expected. The Ac&+H" peptides, on the other hand, ~ Acknowledgment. We thank Jiri Kolafa for use of his
are expected to undergo a transition from helical to globular MACSIMUS molecular modeling programs and for his insight-
conformations fon < 10 because the helix becomes intrinsically ful advice. We gratefully acknowledge the support of the
less stable as the length decreases. We find that &ctAdt National Institute of Health.

with n < 8 adsorb water strongly and have®Qq values that

are very similar to those for the globular Ac-KAH™ peptides. JA049298+
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