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Time.resolved fluorescence depolarization measurements were carried out for human growth hormone-releasing 
factor analog ([Trpt°]-hGRF(I-29)NHz), where the Trp t° residue was incorporated as a fluorescent probe, in the 
presence and the absence of 1,2-dimyrJstoyl.m.gl~cero.3.phospho-rae.g01ycerol(DMi~) liposome and in aqueous 
2,2,2-trifluoroethanoi ('i'FE) solution. "rite fluorescence lifetimes and the rotatory correlation times of the peptlde in 
each medium were determined. The apparent volumes of the rotatory Brownian motion unit calculated from these 
fluorescent parameters indicate the different mode of the fluc|uation aild/og the gotatlo~, of iltc ~x.~t!d~ in each 
medium, such as: (i) In the aqueous solution, several segments of the peptflde fluctuate individually. (ii) In the 
DMPG bilayer, both the local fluctuation of Trp residue alone and the rotation of the whole molecule exist. (lii) In 
the aqueous TFE solution, the monomcric peptide rotates as a rigid ellipsoid. 

Introduction 

Most of linear bioactive peptides such as hormones 
and neurotransmitters do not exist in an ordered struc- 
ture in aqueous solutions [1]. The conformation of the 
peptide changes from a flexible "3no into an inherent 
one, only when the peptide reaches biomembrane [2,3]. 
Therefore, in order to understand the action mecha- 
nism of bioactive peptides, it is important to investigate 
the ~.at;¢ a~d dynamic structures of the peptide inter- 
acting witt~ biomembrane as well as the structures of 
the peptide alone in solution. However, since the intact 
biomembrane is constructed from many complicated 
components, phospholipid liposome is generally used 
for an environmental model of biomembrane. 

Growth hormone-releasing factor (GRF) is an am- 
idated peptide consisting 44 amino acid residues [4,5], 
It is one of hypothalamic hormone, which regulates the 

Abbreviations; GRF, gro'~vlh hormone-releasing factor: hGRF, hu- 
man growth hormone-releasing factor; DMPG, t,2-dimyristoyl-stJ- 
glycero-3.phospho.rac-glycerol; TFE, 2,2,2.trifluoroethanol: T~, the 
temperature of gel-liquid crystal phase lrae3,:tion. 

Correspondence: S. Honda, Reseatch Institute for i~olymers and 
Textil©s, 1-1-4 Higashi, Tsukuba, Ibaraki 395, Japan. 

secretion of pituitary hormone. GRF probably binds to 
a certain receptor located on plasma membrane of the 
pituitary cell and activates the adenylate cyclase-cAMP 
system [6]. However, the receptor has not been isolated 
so far. By the physiological studies of a number of 
synthetic fragments and analogs, the active core of 
GRF, called 'message' segment [7], has been proved to 
reside in the N-terminal region. In particular, the am- 
idated fragment between Tyr t and Are :~ of human 
GRF (hGRF(I-29)NH 2) possesses almost the same 
activity as intact human GRF [8]. 

In our p~evious work, we revealed that hGRFI I -  
29)NH 2 does not exist in an ordered structure in 
aqueous buffer solution and that its flexible ,:onforma- 
tion is almost independent of pH, temperature and 
ionic strength [9]. The l~ptid¢ binds to acidic phospho- 
lipids, but not to neutral ones [I0]. The conformation 
of the peptide changes to a helix-rich one with binding 
to DMPG bilayer above the gel.liquid crystal phase 
transition temperature (T c) [ii]. In addition, the I~P" 
tide also turns to a helix on addition of TFE to aque- 
ous buffer solution and almost the whole molecule 
forms a complete helix in 50 eel% TFE [9]. 

On the basis of the two-stage capture model [2] or 
the multiple sequential steps model [3], a bioactive 
peptide reaches the lipid membrane prior to binding to 
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a target receptor. Thus, the dynamics of a peptide in a 
membrane is an important factor for the action of a 
peptide as well as the static conformation of a peptide 
in the membrane. 

In the present study, we carried out the fluorescence 
depolarization measurements of [Trpt°]-hGRF(1 - 
29)NH2, in which the Tyr I° residue of hGRF(1- 
29)NH~ is replaced with a Trp residue as a fluorescent 
probe, in tl:e presence and the absence of DMPG 
liposome as well as in aqueous TFE solution, in order 
to investigate the fluctuation and the rotation of the 
peptide in each environment. 

Materials and Methods 

Chemicals 
TFE was obtained from Wako Pure Chemicals and 

the other chemicals were of the best available commer- 
cial grade. Ultra-pure water provided by MiI1-Q (Mill- 
pore) was used. 

Peptide 
[Trpt°]-hGRF(1-29)NH~ (Fig. 1)was synthesized by 

the solid-phase method using an Applied Biosystems 
430A peptide synthesizer. The deprotection and the 
purification were the same as described previously [12]. 
The purified peptide showed a single peak in isocratic 
reverse-phase HPLC and was identified by amino acid 
analysis after acid hydrolysis [13]. The concentration of 
the peptide was determined by the absorption spectra 
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Fig. 1. Helical net diagram of [Trpt°]-hGRF(I-29)NH~. Incorpo- 
rated Trp residue is located in hydrophobic area. 

in water based on the molar absorption coefficients of 
N-aeetyltyrosine eth:>l ester and N-acetyltryptophan 
ethyl ester [14]. 

Lipid 
Semi-synthetic DMPG was purchased from Nippon 

Oil & Fats. In order to avoid light-scattering effect and 
absorption-flattening effect of lipid assembly [15], size- 
ordered liposome was prepared using an Extruder (The 
Liposome Company) after the treatment of freeze-thaw 
cycles [16]. The small umlamellar vesicle was confirmed 
by differential scanning calorimetry [17] and its diame- 
ter was found to be below 50 nm by a dynamic light- 
scattering measurement. The concentration of lipid 
was determined by colorimetry of molybdenum blue at 
660 nm, which was obtained by reducing the mixture of 
ammonium molybdate and the lipid hydrolyzate [18]. 

Circular dichroism 
Circular dichroism (CD) spectra were recorded from 

200 to 250 nm on a Jasco J-6O0 spectropolarimeter 
equipped with a thermostated cell holder. The instru- 
ment was calibrated with ammonium d-lO-camphor- 
sulfonate [19], The detailed conditions of the measure- 
ment were described previously [9]. The CD data were 
expressed as the mean residue molar elliVi¢ity [O], 

Time-resolved fluorescence 
Time-resolved fluorescence depolarization measure- 

ments were performed on Horiba NAES-1100 time-re- 
solved spectrofluorometer by time-correlated photon 
counting technique. The light source was self-excited 
discharge lamp filled with 0.6-1.0 MPa H2 and emit- 
ted stable pulses (1.8 ns half-width and 7 kHz fre- 
quency). Light at 280 nm was selected by a rnonochro- 
mater in order to excite the Trp I° residue, polarized 
vertically with a Glan-Taylor prism, and focused on the 
sample in a thermostated cell holder. Both vertically 
and horizontally polarized components, iLl(t ) and I a. (t), 
of fluorescence emission were detected by a Polaroid 
HNP'B film set in vertical position and in horizontal 
position, respectively, followed by the filtration with a 
Hoya UV-32 filter, which effectively blocked off the 
excitation light and the Roman scattering light from 
solvent. The fluerescencg intensity of the solution with- 
out peptide was also measured separately as a blank 
fluorescence and subtracted from the. data of the corre- 
sponding peptide-containing sample, The absorbance 
of the samples at 280 rim was usually kept below 0,06 
to avoid inner filter effect. The apparatus response 
function of exciting light, g(t), was measured simulta- 
neously by splitting exciting light. The instrumental 
time-lags bebveen l(t) and g(t) were adjusted with 
colloidal silica suspension as a light scatter before 
every set of the measurements. 
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Evaluation of fluorescence data 
From the blank-subtracted fluorescence intensities, 

Ill(t) and Ix(t), the pseudo-total fluorescence inten- 
sity, l~(t), and the pseudo-difference intensity, l*(t) ,  
are defined as 

l ~ , ( t )  = l l l ( t ) + 2 S O i  ~ (~, ) (1) 

l ~ ( t  ) = ( '~t~(~ ) - S O l  ~ ( t ) ) / D  (2) 

where S is the ratio of the sensitivity of the detection 
system for vertically polarized light to horizontal one,. 
G is the ratio of the integrated g(t) as the measure- 
ment for Ill(t) so far for l±((t). D is the correction 
factor due to scattering effect of a turbid sample. In 
this study, S was determined to be 1.083 by the mea- 
surement of colloidal silica suspension and D was 
taken as 1.0 because of the negligible scattering effect 
of the prepared size-order liposotae. The value of G 
ranged between 1.03 and 1.36. 

The total fluorescence intensity, IT(t), and the dif- 
ference intensity, Iv(t), ar~ calculated by the deconvo- 
lution of following equations 

t~ ( t )  = J0t~ ( f ' )  I r ( t  - t ' )  dr' (3) 

~ t  " " " - -  . . . .  ' " 
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Fig, 2. Comparison of the CD spectTa of [Trpi°I.hGRP(I-29)NH2 
(s~lid lines) with that of hGRF(1-29)NH2 (broken lines) at 30 ° C. (a) 
in 5 mM potassium phosphate buffer with 50 mM KCI (pH 7.0), 
[peptide]~ 5.5 and 5.3 /~M. (b) In the atmv¢ aqu, eous solution 
containing DMPG vesicles, [peptide] = 9.I and 2.7 ;tM, [DMPG] - 
149 and 72 p.M. (e) In the '..bore a,]ucous ~[;~'~[~n contuilling TFE, 

[ p e p l i d e ]  ~- 2.7 and 2.7 ~tM, [TFE] = .~0 and 50 vo|%. 

conformation of the whole molecule in the aqueous 
solution, in DMPG bilaycr, and in 50 vol% TFE. 

l ~ ( f )  = ~0'8 ( t ' ) lo ( t  - t ' )  dr' (4) 

where iT(t) and ID(t) are regarded as the multiple 
exponential approximation, such as 

The fluorescence anisotropy, r(t), is analyzed by 
fitting r(t)IT(t) to ID(t) by the least-squares method, 
where r(t)  is assumed as the following models [20,21]" 

(8) 

where r o and ,r e denote the intrinsic depolarization 
factor and the rotatory correlation time, respectively. 

Results and Discussion 

CD measurements 
The CD spectra of [Trp*°]-hGRF(I-29)NH2 and 

hGRF(1-29)NH 2 in Fig. 2 indicate that the ~eplace- 
ment of Tyr residue by Trp residue does not affect the 

Time.resolved fluorescence meaxurements 
The fluorescence decays of [Trpt°]-hGRF(1-29)NH~ 

in the aqueous solution, in the DMPG solution, and in 
50 vol% TFE were measured at 30 ° C. (Tc for DMPG 
bilayer is 23°C [22].) The amount of DMPG was con- 
sidered to make almost all of the peptide bind in the 
lipid bilayer based on the above results in CD mea- 
surements and our previous investigation [9-11]. Oh. 
served l.~(t) and i~(t)were deconvn!,~ted into multi- 
ple expoltential approximation by Eqns, 3 and 4, Then, 
the fluorescence life times, ~'T, and the time constants 
of difference intensity, ~'o, ~h~z determined as a func- 
tion of the number of exponential components, i and j, 
by Eqns, 5 and 6, respectively. The results are listed in 
Tables I and I1 with other related parameters. 

The average fluorescence lifetime, ~T, in the DMPG 
solution is longer than that in the aqueous solution at 
all values of i (Table 1), demonstrating that the Trp 
residue is protected by the DMPG bilayer a~ainst the 
contact with water. However, the values of :r T in the 
TFE solution were surprising at first glance, because 
the wavelength at maximum fluorescence of the pep- 
tide in 50 vol% TFE (343 nm) is shorter than that in 
the aqueous solution (352 nm) and is longer than that 
in the DMPG solution (328 nm) as reported previously 
[11], Although the question is still open~ it is most 
likely that the Trp residue is quenched by some ap- 
proaching carbonyl groups [23,24] and/or  basic groups 
[23,25] with the formation of helix structure in the TFE 
solution. 
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TABLE ! 

Fhtor,,scence lifetimes and related parameters of [TrpW/-hGRF(! - 
291NH2 tit 30 ° C 

Medium i I"T,i(nS) a~ ~ T  d (ns )  X 2 

Aqueous" I 2.43 t,1) 2.43 
2 1.82 0,844 2.49 

4.11 0.156 
3 0.672 0.311 2.58 1.66 

2,44 0.678 
8.98 0.01 ! 

6.23 
1.84 

DMPG t, 1 2,88 1.0 2,88 
2 2,05 0.882 3.18 

6.04 0, 118 
3 1,68 0,672 3.23 4.54 

3.68 0,308 
9.63 0.020 

293 
4,89 

TFE c 1 1.70 1.3 1.70 
2 1.42 0.952 1,87 

4.62 0.048 
3 1.05 0,044 l,t;9 1,27 

2.25 0.353 
10.8 0,0tl3 

11,2 
2,11 

a 10.I # M  peptide in 5 mM potassium phosphate buffer containing 
50 mM KCI. 

b 10.2 p.M peptide and 170 ~M DMPG in the above buffer, 
e 9.7 ~M peptid~ and 50 vol% TFE in the above buffer. 

= I E . , m  

The reliability showed by X 2 in Table 1 improves 
obviously with increasing the number of i from 1 to 2. 
On the other hand, the improvements at 'aqueous' and 
'TFE' in Table II do not occur like those in Table 1 in 
spite of the increase of number j. In general, increas- 
ing the number of parameters in regression analysis 
increases apparent reliability; however, too many pa- 
rameters bring confusion to the analysis. To simplify 

TABLE II 

Time constams of difference intensify aml relating parameters of 
[Trp tO].hGRF(1- 291NH.. at 30 ° C 

Medium j r t),j(ns) /~j ~r~ U(ns) X 2 

Aqueous I 0,394 !.0 0.394 0,46 
2 0,393 0,328 0.39a 0,52 

0.3q4 0.672 
3 0.386 0.263 0.394 0.59 

0.396 0,266 
0.397 0.471 

DMPG 1 2,95 1.0 2.95 5.25 
2 1.24 0565 3,26 3. I I 

4.92 0.235 
3 0.749 0.525 3,29 3,06 

2.36 0,345 
5.67 0.130 

TFE l 0,977 !.0 0,977 0,87 
2 0.977 0,609 0.977 0.89 

0.977 0.391 
3 0.974 0,258 0,977 0,91 

0.977 0.408 
0.97g 0.334 

J J 

further calculation, therefore, double exponential ap- 
proximation ( i = 2 )  was adopted for r T in every 
medium, wherea,,~ single one ( j =  11 for r D in the 
aqueous solution and in the aqueous TFE, and double 
one (j = 2) for TD in the DMPG solution were chosen. 
Their original data and fitted curves are shown in Fig. 
3 as normalized intensities. 

The fluorescence anisotropy parameters were calcu- 
lated by Eqn. 7 (k - 1,21 and Eqn. 8 (k -- 1) as shown 
in Table Ill. Judging from the values of variance, o "z, 
in the fitting, the single exponential model is suitable 
for the fluctuating mode of the peptide in the aqueous 
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Io Fig. 3. Fluorescence decays of [T rp  ] - h G R F ( I - 2 9 ) N H  2 at 30 ° C. l-~(t) and I~)(t) denote the pseudo total intensity and the pseud:~ dif f ,-rence 
intensity (dots; experimental data, solid lines; fitted curves). Broken lines show the apparatus response function. (a) in the aqueous solution, 
[pept ide]-  10.1 pM,  i = 2, j = 1. (b) In the DMPG solution, [peptide] = 10.2 pM, [DMPG]--- 170 pM, i = 2, j = 2, (c) In the TFE solution, 

[pcptide] = 9,7 #M, [TFE] = 50 vol%, i = 2. j = I. 
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Fluorescence m)isolropy parameters of  [Trp I°]-hGRF( l -  291NH2 at 30 ° C 
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Medium i j k ¢c.k(ns) 7k 7= r .  ,T2 Remark  

Aqueous  2 l 1 0.488 1.0 - 0.0623 0.22' I(i - " ~' 
2 0,43S 0.496 - 0.0623 1,5 • ! 0 -  '~ a 

0.547 0.504 
I 0.485 0.996 O.(hq4 0.0623 3.2 ' I0 ~ t, 

D M P G  2 2 l 12.7 I l l  - 0.0996 5.5 ' 10- ~' 
2 0.892 0.253 - 0.107 l . l  • 10 -~ a 

97.2 0.747 
l 0,994 0.285 t)3 [ 5 0.107 0.89" 10- ~' I, 

T F E  2 I I 2.79 1.0 - 0.0670 1.2 • lO-  s a 
2 2.65 0.852 - 0.0670 1.4 ' 10" s ~ 

3.79 O. 148 
! 2.73 0.979 0.021 0.0672 1.9 . 10- s ~, 

a Calculated by Eqn. 7. 
~' Calculated b~, Ecln. 8. 

solution and in the aqueous TFE, while both double 
exponential and single exponential with plateau models 
are adequate for that in the DMPG solution. 

The values of the intrinsic depolarization factors, r 0, 
listed in Table ili  are approximately constant. How- 
ever, these values are apparently smaller than those in 
the literature [20], where the fluctuations of several 
Trp-containing artificial peptides in lipid were re- 
ported. These differences seem mainly due to the 
resolution of the instrument at initial short time. 

The apparent volume of the Brownian motion unit, 
fi'e, in each medium was estimated from the corre- 
sponding rotatory correlation time, .re (Table IV). 

In the aqueous solution, f i 'e  was estimated by the 
Stokes-Einstein law as 

fi,~ = ~ck T / v~ (9) 

where v.. and f denote the effective volume and the 
shape factor, respectively, k is the Boltzmann constant, 

T A B L E  IV 

,4pparelrt relume of  the rotatoly Bruwniaa motion trait o f  [Trpm~ - 
h G R F ( I -  291NH, at 30 ° C 

Medium i j k ~.m( × 10 l ~ f[l[~ (rim 31 Remark  
N s / m  - -' ) 

Aqueous 2 I I 0 .797"  2,56 d 

D M P G  2 2 2 30 I, 0,124, 13.6 '~ 
! 30 h 0.139 

T F E  2 l I 1.75 ~ 5.67 d 

~' The  value corresponds to that o f  pure water  at 30 ~ C. 
The value is ci ted from the literature [21]. 
The value is determined by the authors  using an Ubbelohde  meter  
corrected with pure water.  
Calculated by Eqns. 7 and 9, 
Calculated by Eqns, 8 and 9, 

T the temperature, the r / the  viscosity of the medium 
[21]. When the shape of the moving body is approxi- 
mated to a sphere, f = l, and in other cases, jr> I. The 
value of j:v e in the aqueous solution (2.56 nm "~) corre- 
sponds to about 10-times volume of a hydrate amino 
acid [26], indicating that several segments in [Trpm] - 
hGRF(I-29)NH 2 fluctuate individually as a unit of 
Brownian motion in the aqueous solution. The result 
agrees with the presence of flexible random coil con- 
formation of hGRF( 1-29)NH 2 in the aqueous solution 
analyzed by CD spectra [9]. 

in the DMPO solution, both the double ex.0onential 
model and the single exponential with plateau model 
are suitable as mentioned above. Both the volumes of 
fc c (0.124 and 0.139 nm ~) calculated from ¢~.!(0.892 ns) 
in the former model and ¢¢3(0,994 ns) in the latter 
model are no. more than one amino acid-volume, indi- 
cating the local fluctuation of the Trp residue alone, 
On the other hand, both the large values of ~,2 (97.2 
ns) in the former model and of ~,.~ (0.7151 in the latter 
model prove that the mobility of the whole peptide is 
reduced by the interaction with DMPG bilayer. For 
membrane proteins, the relaxation time for the rota- 
tion around an axis normal to the membrane plane, 4'1t 
is given by [27] 

4,~1 = kT  /4~ra~-h,l (10) 

where a and !: a'.,e the radius of membrane proteins 
and the length immersed in membrane, respectively, If 
the peptide rotates individually as a monomer in the 

. . . . .  % membrane (i.e., ~,;J~-associatioJ does t~ot occ~,,, 
roughly calculated ~btl has the order of 102 ns. The 
order is comparable with the value of %.2, hinting the 
individual monomerie rotation of the pepttde in mem- 
brane. However, the fluorescence lifetime of the Trp 
residue is too short to deseri|:~ the rotation of the 



86 

whole peptide in the membrane minutely. Therefore, it 
is necessary to observe its rotation using longer range 
method such as phosphorescence or EPR for further 
discussion. 

In the TFE solution, fv~ is 6.67 nm 3. Since whole of 
hGRF(1-29)NH2 folds into a complete helix in 50 
vol% TFE [9], it is reasonable to approximate the 
shape of [TrpI°]-hGRF(I-29)NH 3 to the ellipsoid hav- 
ing 0.6-nm equatorial radius and 2.l-nm longitudinal 
radius. (These values were determined from the aver- 
age radius and pitch of a-helix [28,29].) Although the 
theoretical fluorescence anisotropy of a ellipsoid is 
represented with three exponential forms [30], it is 
possible to describe the anisotropy with a single expo- 
nential form and parameter f for an experimental 
procedure [31]. In the case of such the ellipsoid in 
homogeneous medium, the value of the shape factor f 
is led to the range from 1.8 to 2.8 under the condition 
of the axial ratio, p = 2.1/0.6 = 3.5, and the angle 
between the longitudinal axis of the ellipsoid and the 
emission moments of the fluorophore, 0- -0- ,  45 de- 
gree [31], (pf in this paper corresponds to 1/1,3 in 
Ref. 31). Thus, the observed apparent volume (6.67) 
belongs within the theoretical range (5.7 ,.- 8.9), which 
was calculated from f and the volume of the above 
ellipsoid as follows: 5.7 ~ 8.9 = (1.8 ,-- 2.8). ((4/3). rr' 
0.63. 3.5). These results indicate that the helical pep- 
tide exists as a monomer and rotates as one rigid body 
in the TFE solution. 

In conclusion, the time-resolved fluorescence depo- 
larization study has revealed that the mode of the 
fluctuation and the rotation of [TrpI°]-hGRF(I - 
29)NH2 depends on the surrounding medium as fol- 
lows; (i) several segments of the peptide fluctuate 
individually in the aqueous solution, (ii) the local fluc- 
tuation of the Trp residue alone and the rotation of the 
wh~ie peptide exist in the DMPG bilayer above its To, 
and (iii) the whole peptide rotates as a rigid ellipsoid in 
the aqueous TFE solution. 

References 

I Blundell, T. and Wood, S. (1986) Annu. Rev. Biochem. 51, 
123-154, 

2 Higashijima, T. and Miyazawa, T. (1984) Protein, Nucleic Acid 
and Enzyme 29, 29-41. 

3 Sargent, D.F. and Schwyzer, R, (I986) Proc. Natl. Acad. Sci. 
USA 83, 5774.-5778. 

4 Guittemin, R., Brazeau, P., Bohlen, P., Esch, F., Ling, N. and 
Wehrenberg, W.B. (1982) Science 218, 585-587. 

5 Bohlen, P., Brazeau, P., Bloeh, B., Ling, N., Galliard, R. and 
Guillemin, R. (1983) Biochem. Biophys. Rcs. Commun. 114, 
930-936. 

6 Ling, N., Zeylin, F., Bohlen, P., Esch, F., Bra7eau, P., Wehren- 
berg, W.B., Baird, A. and Guillemin, R. (1985) Annu. Roy. 
Biochem. 54, 403-423. 

7 Gremlich, H.-U, Fringcli, U,-P, and Schwyzor, R. (1933) Bio- 
chemistry 22, 4257-426,4. 

80hashi,  S., Shiraki, M., Sawano, S., Ozaki, S., Akimoto, K., 
Takaoka, T., Hirose, S. and Kurihara, T. (1986) Pel3tide Chem- 
istry 1985, 45-50. 

9 Honda, S., Ohashi, S., Morii, H. and Ucdaira, H. (1991) Biopoiy. 
mers 31,869-876. 

l0 Honda, S., Shiraki, M., Ohashi, S. and Uedaira, H. (1991) Chore, 
Len., 73-76. 

11 Honda, S., Morii, H., Ohashi, S. and Uedaira, H. (1991) Peptide 
Chemistry 1990, 379-384. 

12 Ohashi, S., Shiraki, M., Sawano, S., Seki, M. and Ozaki, S. (1988) 
Peplide Chemistry I98% 521-524. 

13 Ohashl, S., Kokubu, T., Sawano, S. and Masuda, H. (1989) 
Peplid¢ Chemistry 1988, 79-84. 

14 Solli, N.J. and Herskovits, T.T. (1973) Anal Biochem. 54, 370- 
378. 

15 Jap, B.K., Maestro, M.F. and Hayward, S.B. (1983) Biophys. J. 43, 
81-89, 

16 Mayer, L.D., Hope, MJ., Cullis, P.R. and Janoff, A,S, (1985) 
Bioehim. Biophys. Acta 817, 19~.-196. 

17 Mabrey, S. and Sturtevant, J.M. (1978) Methods Membr. Biol. 9, 
237-274. 

18 Nishihara, Y. (1975) Jpn, Kokai Tokyo Koho 75, 31837. 
19 Takakuwa, T., Konno, T. and Meguro, H. (1985) Anal. Sci. I, 

215-218. 
20 Vogel, H., Nilsson, L., Rigter, R., Voges, K.-P, and Jung, G. 

(1988) Proe. Natl. Acad. Sci. USA 85, 5067-5071. 
21 Kinoshita, K., Jr., KataoKa, R., Kimura, Y., Gotoh, O. and 

lkegami, A, (1981) Biochemistry 20, 4270-4277, 
22 Boggs, J.M. (1980) Can. J. Biochem. 5~;, 755-770. 
23 Cowgill, R,W, (1967) Biochim. Biophys. Acta 133, 6-18, 
24 Cowgill, R.W. (1970) Biochim. Biophys. Actn 200, 18-25. 
25 Sninitzky, M, and Goldman, R. (1967) Eur. J. Biochem, 3, 139- 

144. 
26 Jolicoeur, C., Ricdl, B., Desrochers, D., Lemelin, L.L., Zamojska, 

R. and Enea, O. (1986) J. Solut, Chem, 15, 109-128. 
27 Cherry, RJ. (1979) Biochim. Biophys. Acta 559, 287-327. 
28 Richmond, TJ. and Richards, F.M. (1978) J. Mol, Biol, 119, 

537-555. 
29 Schulz, G.E. and Schirmer, R.H. (1979) in Principles of Protein 

Structure, pp. 66-107, Springcr-Verlag, New York. 
30 Tao, T. (1969) Biopolymers 8, 602-632. 
31 Morii, H., Ichimura, K, and Uedaira, H. (1991) Proteins, in press, 


