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The effect of zdrenochrome semicarbazide on the conformation of erythrocyte ghost membranes has been studied by 
ANS fluorescence, lipid and sulfhydryl spin labels and circular dichroism. No large conformational alterations in the mem- 
br;tne were detected by these techniques. Noncompetitive quenching of ANS fluorescence by ADCS suggests ADCS to in- 
temct with the membrane at sites close to the ANS binding domain. 

1. introduction 

Certain musculoskeletal traumatic injuries have 
been observed to lead to a hemolytic process known 

as chronic anemia of trauma. Although the precise 
mechanism of hemolysis is at present unknown it has 
been suggested that adrenochrome, and perhaps addi- 
tional serum factors, may be involved [l] . If adreno- 
chrome is indeed the causative agent, then it seems 
reasonable to postulate that the interaction of this 
metabolite with the erythrocyte membrane may ulti- 
mately lead to disruption of the membrane continuum 
and lysis of the ceU. The fluorescent probe l-anilino- 
8-naphthalene sulfonic acid has been successfully used 
to study environmental effects on the erythrocyte 

* From the B-u of Medicine and Surgery, Navy Depart- 
ment Reswch Subtask MFSlS24.014.9025. The opinions 
and statements contained herein =e the private ones of the 
authors and are not to be cot&rued as official or &ecting 
the views of the Navy Department or the nayal service at 
hw. 

ghost membrane [2-5]_ We have therefore used this 
label to investigate the influence of adrenochrome on 
erythrocyte membranes. Spin labels have also been 
used to study the effects of various perturbing agents, 
such as drugs [6], benzyl alcohol 171, and azoester [Sl, 
on both natural and synthetic membrane systems. 
Spin-labeled analogs of N-ethylrr%mide (I), iodo- 
acetamide (iI), and stearic acid (III) were therefore 
also used to probe the effect of adrenochrome on 
ghost membranes. Finally, since circular dichroisrn 
measurements of membranes can provide information 
on the conformation of membrane protein 191, this 
technique was also used to study the interaction of 
adrenochrome with ghost membranes. 
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2. Materids and methods 

Etythrocyte ghosts weie prepared from outdated 
blood bank blood by the method of Dodge et ai. [IO]. 
Ghost preparations were repeatedly washed and di- 
alysed [I] until hemoglobin was spectrophotometricai- 
ly undetectabie. Such preparations were routinely 
stored frozen in O.OI M sodium phosphate buffer 
@H ?.I) at 3 protein concentration of approximately 
20 mg/ml. Membrane protein was measured by the 
method of Lees am! Paxman [I I] _ Prior to use, ghosts 
were thawed, diluted to 4 mg/mI with 0.01 M sodium 
phosphate @H 7.1) and sonicated using the sonifier 
apparatus and precautions described previously [I 2]_ 
Sonication was mmed out in ap. ice bath for two thir- 
ty second periods with a tie minute rest between 
sonic&ions at an intensity setting of 65. Ghosts were 
disrupted in this manner to reduce light scattering 
anomalies hi subsequent optical measurements. 
Preparations were kept at 4°C and used within two 
days of sonication since increasing turbidity after this 
period indicated aggregation. ADCS, purchased from 
C&do&em, was used Instead of adrenochrome 
because of its greater stabiEty*. 

Fluorescence titrations were performed at 25°C in 
a themostatted Aminco-Bowman uncompensated 
fluorometer having a 15 nanometer bandpass. Polariza- 
tion of auorescence was measured in another Aminco- 
Bowman fluorometer equipped with polacoat polarlz- 
ing fiIters. The exciting light was pofarized and polariza- 
tion, P, was EalcuIated from the equation 

where 1 anci 2 represent the exciting and emitting 
polarizers, V and H represent vertical and horizontal 
polarization orientations respectively. G is a correction 

*Abbreviations: ADCS. adrenochrome semicarbazida; ANS, 
I-anilino-&naphthdene sdfonic dcici. 

factor for polarization anomalies introduced by the 
gratings and is defined as: 

G was determined for each polarization experiment_ 
In calculating P, the verticaIIy and horizontally polar- 
ized light intensities of a sohtion of sonicated ghosts 
and ANS (2X recrystallized) were corrected for par- 
ticle scattering of the incident light by subtracting the 
appropriate intensities measured on a son&ted ghost 

solution without ANS. In several experiments with 
different preparations the correction ranged from 
8 percent to 20 percent of the fluorescence of a mem- 
bran&ANS mixture. The calculated poIarizations, 
however, agreed within a mean error of four percent. 
P,,, the polarization vaIue when no macromolecule 
rotation occurs during the Ufetime of the excited state 
of the dye, was obtained from a plot of 1 /P versus T/I, 
(T is absoIute temperature, TJ is viscosity). The values 
of Tjq were obtained by varying solution temperature. 
The wavelengths chosen for excitation and emission 
(320 and 500 nm respectively) were selected to ap- 
proximate the peak transmission of the fiters used in 
estimating the fluorescent lifetime of ANS. r, the ex-’ 
cited state lifetime of ANS, was measured either on a 
TRW Model 31A nanosecond spectral source and 
Model 32A decay time computer or in an ORTEC 
9200 system. We have assumed a single lifetime for 
ANS bound to sonicated ghost membranes. The very 
large number of ANS binding sites probably means 
the values we observe are averages_ Such a possibility 
does not affect the conclusions of this paper. Corning 
No. 9863 and 339 1 filters were empIoyed to isolate 
the excitation and emission bands respectively. Addi- 
tion of dye and of adrenochrome semicarbazide to 
10 mm2 quartz cuvettes was made with Hamilton 
microsyringes fitted with constant delivery adaptors. 
Mixing was accomplished by means of a magnetic stir- 
ring bar placed in the cuvette. Temperature was 
monitored by means of a calibrated Yellow Springs 
Instrument probe. All fluorescence titrations were cor- 
rected for dilution and light scattering. Au fluores- 
cence intensities were -measured as the ratio of the ex- 
perimental emission to the emission of a sealed cuvette 
containing ANS in 50% aIcoho1. In experiments in 
which ADCS was present, the decrease in excitation 
beam intensity due to ADCS absorption and conse- 
quent ANS emission decrease was corrected for by 
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the method of Parker and Barnes [13] as follows: 

F. = F X 2303L?(~~--x~)/(lO-~~~ - 10-Dr”) , (3) 

where F is fluorescence observed in the presence of 
&KS absorbance, D, and xl and x2 are the x-axis 
dimensions OF the rectangIe viewed by the phototube, 
and Dx, and Dx, are the absorbances at these points. 
No correction is necessary for ADCS absorption at 
485 nm since ADCS displays no absorbance at this 
wavelength. The correction factors obtained by this 
equation were experimentally verified by placing a 
cuvette containing ADCS flush against the entrance 
slit. The correction factor (j) was calculated from the 
following equation: 

f=O.S(t-1)+ 1 , 

where r is the ratio of the emission intensity in the 
presence and absence of ADCS. A plot of calculated 
versus observed correction factor had a correlation co- 
efficient of 0999. This experiment showed the cor- 
rection factor to be valid to at least 32 X 10e5 M 
ADCS (Ax5 = 1.096)_ This ADCS concentration is 
twice that attained in the ANS titrations. 

The fluorescence data from ANS titrations of soni- 
cated ghosts were analyzed using 

(4) 

where L L is the total ligand (ANS) concentration, Kt * d 
is the apparent figandcomplex dissociation constzrtt. 
F max is the fluorescence observed when all Egand sites 
are occupied. Using the identical assumption employed 
in deriving eq. (4), the relations expressed in eqs. (5) 
and (6) are obtained describing the cases in which an- 
other ligand (t2) either competes directly at the 
primary ligand site (competitive quenching) or binds 
at another spatially distant site which by some means 
changes the luminescent behavior of the primary 
ligand. Such changes could occur by energy transfer 
or binding site conformational transitions which place 
the primary ligand in an environment which alters 
fluorescence. 

Competitive quenching: 

6) 

in which K2,d is the dissociation constant of L2 from 
the complex. 

Binding at a spatially distant site (non-competitive 
quenching): 

(6) 

Plots of L/F observed versus l/ligand have the follow- 
ing characteristics: 

(a) Only L t present: 

Kid slope =I , 
1 

F 
intercept = - _ 

max F max 

@) L2 acting as a competitive quencher: 

slope=[lf($)]k, intercept=&. 
. 

(c) L2 acting at a spatially distant site: 

slope+ +(g-)]$ 
v 

intercept=[l f(s)](&). 

Measurements of the association constant of the com- 
plex in the excited state configuration were made using 
the approach of Weber et al. [14J. In this method the 
rate of quenching collisions (k:) is given by the ex- 
pression 

kt’ = o/~‘+~/r”YcQl , (7) 

where ~1 and fl are the observed fluorescence life- 
times in the presence and absence of quencher <Q) 
respectively. The fraction of dissociated complex, Q. is 
given by: 

cy = (7’/]& +kfP)] , (~1 

q1 and q” being the fluorescent emission in the pres- 
ence and absence oFquencher. Since 

where Cr = concentration of ligand, Qt = concentra- 
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tion of free quencher, QC = concentration of complex, 
it follows that 

wo 

EIectron spin resonarlce (ESR) spectra were 
recorded at 25°C with a Varian E4 spectrometer 
operating at 6.5 GHz. SampIes were placed in the 
cavity in quartz aqueous sample cells (Varian E-248). 

Circular dichroism measurements (200-500 nm) 
were made at 27°C with a Cary 6001 attachment to 
the Gary 60 spectropoiarimeter. Quartz sample cells 
(OpticelI) with 10 mm pathlengths were employed_ 
Final concentrations were eryffirocyte ghosts, 0.05 mg 
protein/ml and sodium phosphate buffer (pEf 7.4), 
0.01 M. 

Erythrocyte ghost membranes (2 mg/ml) or soni- 
cated erytiocyte ghost membranes were reacted 
with spin labels I or II (IO -4 M) at 4Y! overnight. Un- 

reacted spin label was removed by centrifugation 
(IO 000 g) and resuspension in buffer. Washing was 
repeated four times. This was followed by overnight 

dialysis at 4°C. Erythrocyte ghost membranes were 
iabeIed with steak acid probe III by the addition of 
a methanok solution (2 X IO-3 M) to the membranes. 
The final concentration of IX1 was 1 X 10es M. Molar 
ellipticity, [Qlh, was calculated from the following 
equation 

Wlh = 100 MY$/CZ , 

where&Z = molecular weight, 9, = specific eIIipticity, 
C = concentration &m/liter) and 1= pathlength (cm)_ 
A mean residue molecular weight of I 14 was assumed 
for the erythrocyte ghost protein [9 J. 

Ultracentrifugation studies employing SchIieren 
optics were performed at 20% in the Beckman- 
Spinco Model E analytical ultracentrifuge. A partial 
specific volume of 0.75 ml/g was assumed For the 
sonicated ghost preparations. Absorbtion scans were 
made on a Gary Model 14M spectrophotometer. All 
chemicals were the highest purity available. UnIess 
otherwise indicated, all experiments employed 0.01 M 

sodium phosphate buffer (PH 7.1) at 25%. Proteins 
and lipases were purchased from Sigma. 

3. Results 

3. I. Quenching of ANSghost membrane figment 
flicorescence by ADCS 

ANS and ghost membrane fragments (0.4 mg/ml) 
showed a strong symmetrical fluorescent emission 
band with an apparent maximum at 485 run when 
activated at either 265 MI or 380 nm. This is similar 
to previously published results with sonicated and in- 
tact ghosts [2--S] _ Scatchard plot analysis [4] showed 
about 200 to 300 nmoles of ANS bound/gram of 
membrane fragment. This is about 10 fold higher than 
that for nonsonicated ghosts [4] _ However, the plots 
indicated either complex binding or cooperativity. 
Similar resutts have been described by Fortes and 
Hoffman [4] for intact ghosts. Sequential addition of 
ADCS to such solutions resulted in strong quenching 
of ANS fluorescence. The reIative quenching efficiency 
of ADCS was found to be, mole for moIe, 4 X lo3 
times greater than KI. The ghost-AN!&ADCS quench- 

ing obeyed t‘hz linearity requirements of the Stem- 
Volhner relationship up to the highest concentration 
of ADCS employed (16 X 10m5 M). 

F”/F=kq~*Cf 1 , (1 W 

FqF=KCt 1. (1 lb) 

In eqs. (1 la) and (1 lb), F” is fluorescence in the ab- 
sence of quencher and F, the fluorescence in the pres- 
ence of quencher, kq is the over&l rate constant for 
quenching, fi is the fluorescent lifetime in the ab- 
sence of quencher, and Cis the concentration of 
quencher. Eq. (1 lb), an alternative form of the Stern- 
Vollmer relationship, is derived on the basis of a mass 
action equilibrium approach which describes the for- 
mation of a “dark” complex, i.e., a complex which is 
formed between chromophore and quencher prior to 
attainment of the excited state and does not fluoresce. 
In (1 lb),K is the association constant for such a reac- 
tion. Both (1 la) and (1 lb) require !inearity if quench- 
ing is simpIe. Assuming only collisional and complex 
formation pathways, information can be obtahred as 
to the relative contriiution of the two pathways by 
measuring the lifetime of the fluorescent dye, ANS, in 
the presence and absence of the quencher, ADCS. 
Pure collisional quenching will strongly decrease the 



In eq. (22), P is polarizarian, PO is the maximal polar~ 
izatian oktained in the absence af macromolecular 
rotation, R is the gas constant, T is the absolute tem- 
perature, Y is the mobxnlar v&me and +I is viscosity. 
E& was found to be 0X26. For unspeci~ed sunfcatfon 
periods, Freedman and Radda report aPof0.24 EM]., 
If it is assmed that the piirtial specific volume of tke 
membrane protein is CL’25 and that the biidin~ macro- 
mofecuh is equivalent: to a sphere, and that z- does not 
vary greatly with temperature, the molecular weight 
of tke k~s~~~ic~y ~~~~~ b~~d~g nnlt wz 
be cafculated ta be a~praximately --IOU00 daltons. 
Tkis value confd be artificiaUy few iF tke bind&g site 
were assaciated with a freely rotating polypeptide seg 
ment. 
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l/F 5 

F& 2, l/F versus l/ANS plots in the presence of vary@ or)a- 

centrations of ADCS. Ghosts = 0.4 mg/mL T = WC. ANS 
concentration is in hflP. 

2 mglml. The molecular weight of the equivalent mono- 
disperse sphere is 30 000. It should be clear tizat in 
view of the polydispersity, these molecular weight 
estimations are order of magnitude values only. 

The titration on sonicated erythrocyte ghost prepa- 
rations with ANS in the presence and absence of ADC!S 
is shown in fg. 2. The results of fig_ 2 fit the criteria 
tb3t ADCS acts as a noncompetitive quencher to ANS 
bound to erythrocyte membrane fragments. The ap- 
parent vaIue of K, d (the membrane fragment-AN 
complex) ~~~~on constant is 2.0 X W-5 M f 0.1 
X fW5 (SD.). For six other p~p~tiffRs studied at 
this concentration,Kt,~ has ranged from S X loss 111 
to approximately 1.0 X IOW5 M. These values are in 
good agreement with previous work an sonicated and 
unsonicated ghosts [21c]. The average apparent value 
of the dissociation constant of the membrane fi-ag- 

merit-AN5 complex (Kz,a) was 2.3 X iOA M + 0.5 
X lO-‘$ (SD.). Using the crude estimates of the 
molecular weight of ffie ANS binding site made Mm 
the polarization data and the biding data we can cal- 
culate that the requirements for the safe use of eq. (IO) 
on the excitation data have been easiIy met; &g., at an 
ADCS level of 4 X LO”, and assuming a I. : 1 
ANS:ADCS competition, the ratio of Qr to binding 
sites is 1 .S X 1Oa3. The dissociation constants derived 
from the excited state analysis averaged at 2 X 10dg 4 
0.5 X 10-Y. Such a major shift in apparent Ka can be 
rationalized with a model wherein the major solvent 
environment changes occur on or about the excited 
chromophore affecting the interaction with ADCS, 

it is appropriate to point out that plots of 1 {Jr 
versus l&and may be misfeading. If it is assumed that 
only collisional quenching (es. (1 E a)) occurs between 
2 quencher and a l&and whose binding is governed by 
cq. (+), it is possible to compute data which obey the 
Stern-Voilmer criteria and appear, in plots OF 1 IF 
versus I/tigand, to be compatible with non-competitive 
quenching. Under such circumstances it may become 
necessary to make both lifetime measurements and in- 
dependent binding studies in order to be able to defme 
the situation. However, using eqs. (4) and (1 lb), we 
have not been abie to calculate theoretical data which 
fits the competitive quenching madel- These Cal&a- 
tions bnd support to the idea that the quenching of 

AN3 fluorescence by ADCS occurs mainly by col- 
iisionai interaction at or near the ANS binding site. 

3.3. Composition of the A.WS--ADCS interaction site 

To investigate the possibility that erytbrocyte mem- 
brane protein was important in the quenching phenom- 
ena, sonicated ghosts were incubated with the follow- 
ing proteases: trypsin, chymotrypsin, pepsin and 
pronase. Pepsin is not markedly effective, cbymotrypsin 
and trypsin reduced the binding by about 50-55% 
while pronase treatment virtually eliminates ANS bind- 
ing (table I). The protease treated preparations seem 
to be more sensitive to ADCS quenching than the con- 
trol. Table 1 also presents the effect of phosphohpases 
A. C, and D on the binding site_ phospholipase C 
seems to exert a measurable effect white phospbolipase 
D is somewhat less effective. These resubts suaest that 
protein-Iipid interactions are important in maintain- 
ing the ghost membrane fragment ANS-ADCS inter- 



Tabk P 
Effect afprateasesa) and lipascsh) on the ability Of sonicat@d erytbracyte bind ANS and ADCS 

Protease 

cona 100 4S.7 
Trypsill 45.1 33.6 
a\ymOtrypSh 50.5 24.9 
pep* 94.0 3s.z 
E%Oi%?SC 4.0 too ICW to measure 

phaspfiaa[ipase 
Control 100 72.0 
A 100 7&s 
c 19.8 66.4 
a 92.L 73.9 

a) 2 ml of Q A m&n1 s~nicaied ghosts plus 0.0s mgmi of protease were incobated tg bauts at 2S”C in 0.01 hf Nn phosphate bufk, 
PE% 7.1. ANS = S X LO” M, AUCS = 4.8 X 10”. 

bj 2 ml of0.4 mgjinl sonkated ghosts plus O.BS m&ml of lipasewere incubated 3s above in 0.01 M tris, Cl.01 hi Na phosphste. 
t-ii% X 1o-3 n-L C&22, PH 7.8. Al-#? = 2.71 X IO+, AD‘3 = 2.38 X VI@_ 

membrane sulfhydryl groups that were ia the interior 
membrane have bezorne exposed. No change in the 
ESR spectrum ofsonicated ghost membranes IakAcd 
wirh I was observed on the addition of ADCS (1W4 M) 

The uttravi4tet circular dichroic spectrum OF the 
sonicated ghosts *as characteristic of an a-helical 
protein. The moIar ellipticity, [a], of the membranes 
was -305 deg cm2 decimoWR at 208 nm from 
which it was possible to calculate [iSI that approxi- 
mat&y 90% OF rhe membrane protein was in an CY- 
heka\ cow&nation. While this value is higher than 
that previously reported by Lenard and Singer for un- 
sankated ghost membranes [‘?I, it is in agreement 
with the ESR measurements which indicate that soni- 
cation causes a change in the confo~ation of 
erythrucyte membrane pratein. The addition of ADCS 
up to a final concentration of 8 X CWs M did not 
alter the circular dichroic spectrum of the ghost mern- 
braRes. 

When the spin-fabebd iodoacetamide analog (B) 
reacted ~ov~ent~y with the erythrocyte ghost mem- 
btranes, most of the bound labels exhibited ahigh 
degree of mobility (Gg. 4). There was,ho~euer, eti- 
dence for R small population of hi&Ly imm&iied 
labels. Holmes and Fiette have shown [6] that IL te- 
acts preferentially with protein ~u.lfhyd&~ on the SUM. 
i&e of the erythrocyte &ost membranes. Treatment 
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Fig. 3. The ESR spectrum of human erythrocyte ghost membranes (- ) and sonicated erytbrocyte ghost membrzner (- - - -) 
labeled with I. 

Fig. 4. The ESR spectrum of human erythrocyk ghost membranes ( -1 aud saniated erythmcyte ghost membranes (- - - -) 
labeled with II. 
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of these spin labeled membranes with ADCS (I@ M) 
did not alter the ESR spectrum of the membranes. 
Sonic&ion of the human erythrocyte ghost membranes 
almost completely abolished the highly immobilized 
population of bound spin label II (fig. 4). The ESR 
spectrum of the sonicated membranes did not change 
on the addition of ADCS (low4 M)_ The CD observa- 
tions and ESR observations are in harmony and sug- 
gest that ADCS does not change any gross change in 
the protein conformation of either intact or sonicated 
ghost membranes. 

The effect of ADCS on the organization of the lipid 
in the human erythrocyte ghost membrane was probed 
with the aid of the stearic acid label (III). En the pres- 
ence of the ghost membranes, the ESR spectrum of 
IL1 was that of a highly immobilized nitroxide group 
with a maximum hyperfme splitting of 65.7 G [17]. 
Treatment of the membranes with ADCS (lOA M) 
did not alter the ESR spectrum of III bound to the 
ghost membranes. Thus it would appear that ADCS 
does not affect lipid organization in human erythrocyte 
ghost membranes_ 

Evidence that there might be a highly localized but 
small effect of ADCS on the membrane fragment was 
sought by analysing the data of fig. 2 for the Hill co- 
efficient. The plots of log (FIF,,--F) versus 
log (ANS) from which the Hill coefficients were de- 
rived were in all cases linear with correlation coeffi- 
cients of 0.9 or better. The Hill coefficients progres- 
sively changed from 0.7 (0 ADCS) to 0.4 (16 X 
10m5 ADCS). These results suggest an interaction 
phenomenon incorporating negative cooperativity. 
This point is consistent with the .%&hard plots for 
ANS binding seen previously [4] and with those pre- 
sented earlier in this report. However, simpIe non- 
competitive or competitive binding should show an in- 
variant Hill coefficient of 1. The change seen here may 
signal slight cooperative effects in the binding effects 
too slight to be detected in the unsophisticated analysis 
used to obtain the data of fig. 2. 

4. Cortc!usion and discussion 

The significant results of this investigation are that 
in the presence of ADCS no detectable alterations oc- 
curred in either the protein ar-helical structure of the 
membrane fragments or the membrane mternal viscosi- 

ty; that ADCS is not tightly bound; that the AN% 
ADCS binding site depends upon the integrity of both 
peptide and lipid bonds; and finally that there may be 
weak and highly localized eff&s of ADCS in the ANS 
binding site. Furthermore, since ADCS efficiently 
quenches the bound ANS fluorescence by a collisional 
interaction, the ANS, which is presumably located in 
a surface “pocket” or moderately penetrating into the 
lipid bilayer, must still have considerable solvent ac- 
cessibility. This model is supported by the fact that 
ADCS is 83% as efficient in quenching AM-ghost 
emission as it is in quenching ANS in alcohol. As ANS 
is only minimally fluorescent in water, the membrane 
fragment binding site must possess some speciaf en- 
vironment features which permit fluorescence to occur. 
This point has been considered before for intact ghosts 
but no convergent viewpoint has emerged [2,3,9] _ 
One possible explanation for the present results is that 
binding of ANS results in partial immobilization of the 
ANS and alteration of its rotational, vibrational and 
configurational freedom so that the quenching solvent 
conformation present in bulk solvent cannot be at- 
tained. 

The inability of ADCS to cause a major change in 
the molecular organization of human erythrocyte 
ghosts suzests that the hemolytic action of adreno- 
chrome is not simply the direct result of membrane 
binding but may involve either additional serum born 
factors and/or a time dependent series of changes in 
the conformation of the membrane. 

Acknowledgement 

The authors are grateful to T. Kdlinson for expert 
technical assistance and to Drs. R.L. MacKenzie and 
RF. Steiner for their critical comments. 

References 

[l] CR. Valet-i, MD. Altschub and L.E. Pivacek, J. Med. 3 
(1972) 20-40. 

(21 B. Rubalcava. D. Marthez de Mun5z and C. Gitler. Bio- 
&em. 8 (1969) 2742-2747. 

(31 D.F.H. WaUach. E_ Ferber, D. SeIin, E. Weide&mm and 
H. Fischer. Biocbim. Biophys. Acta 203 (1970) 67-76. 

[4] PAC. Fortes and JE. Hoffman, J. Membrane BioL 5 
(1971) 154-168. 



306 D.B. Mih!ar, C. F. Ch&nelijANS-ADCS interaction sire in eryfhrocyte ghorr membrane 

[St G. Wietirold. D. HeUenbrecbt, B. Hemmer and D. Palm, 
Biochem. Phammot 22 (1973) 1437-1449. 

[61 D.E. Holmes and L.H. Piette. J. Pbammml. Exp. Ikr. 
173 (1970) 78-84. 

171 W.L. Hubbell, J-C. MetcaKe. SM. MeteaLfe and H.M. 
McConnell, Biocbim. B&bye Acta 219 (1970) 415-427. 

IS] CF. Cb&neU and D-K. Starkwath~r. Life Sci. 14 (19744) 
641-652. 

[9j J. Lenard and SJ. Singer, Proc. Nat. Acad. Sci USA 56 
(1966) lJ328-1835. 

[lOi LT. Dodge, C. Mitchell and D.J. Hanahan. Arch Bio- 
them. 100 (1963) 119-130. 

[ 111 $_ z; and S. Paxman, AoaL Biocbem. 47 (1972) 
- ~ 

[12J M. MacKenzie and D.B. M&r, Anal. Biochem. 4S (1972) 
225.-232. 

[I3 J CA. Parker and W-1. Barnes. Analyst 82 (1957) 66)6-609. 
(141 G. Weber. F. Tanaka, B-Y. Okamoto and H.G. Drickamer, 

Proc. Nat. AQd. Sci. USA 71 (1974) 1264-1266. 
[IS] G. Webcr, Trans. Faraday Sac. 44 (1948) 185-188. 
[ 161 R.B. F&an and G-K. Radda, Febs Letters 3 (1969) 

150-152. 
117) F.R. Landsberger, J. Paxton and I. Lenard. Biocbii. 

Biophys. Acta 266 (1972) l-6. 
[ISI N. Greenfield and G.D. Pasrnan, Biochem. 8 (1969) 

4108-4116. 


