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BINDING OF 2-p-TOLUIDINO—NAPHTHALENE-G-SULFONATE TO 3T3 and SV3T3 CELLS

JOSEPH B. GUTTENPLAN*Yand JAMES C. BARTHOLOMEW

Laboratory of Chemical Biodynamics, Lawrence Berkeley Laborétory,
i

Unfvérsity»Qf_Caljfornia, Berkeley, California 94720 (U.S.A.)

¢

SUMMARY

-2-p¥T01uidino-naphtha1ene-6-su1fonate.(TNS), a-fidorescent probe, bound to
4 suspensions of 3T3 and ‘SV3T3 ce]]s. Thesemission spectra, excitatiqn'spectfa,
emission po]arizatﬁon and protein to TNS energy transfér were similar for'both
| cellltypes,'regardless of cell density; TNS is probably bound to the plasma
membrane'pf the cells. The uncharged probe, TNS sulfonamide, showed‘properties
- similar to those of TNS when bound to 3T3 cells.

. The binding was time dependent. The f]uorescenée pfoperties of bound.TNS .
‘chaqged~slight1y'With time. Ca]cuiations.are given which indicate that~randomvv
distribution of TNS throughout the plasma membrane cou]dvaccount for the
observed*protein'to TNS enérgy transfer. The similar emission poiarizations .
of TNS bound to 3T3 and SV3T3 cells indicate similar plasma membraﬁe fluidities
for these cells. However, this f]ﬁidity represents an aVerage of values which

may vary within the membrane.

*Present address: Brookdale Dental Center of New York University
: College of Dentistry
Department of Biochemistry
- 342 E. 26th St.
" New York, N. Y. -10010



INTRUDUCT ION

TNS (2-p¥t01Uidino-naphtha]ene-G-Su]fonate)-is a‘f]uorescent probe that
has been widely usedvto study molecular movement‘of‘proteins and membrane
components [158]; TNS_f]uoresces‘wéakly inAwater, with.a maximum intensity
near 500 nm. In a noh-po]ar environhent, the intenéffy of fﬁuorescence of
TNS genera}]y.ihcreases two to three'orders of mégnitude and the emission |
maximum shifts'td,]ower wavelengths [8]. Increasing'viscosity of the medium
produces similaf effects [8]. When TNS or reTatéd probes bind to proteins of
membranous'partigies a strong blue shift.in the emissiOn maximum occurs con-
comitant with Iarge increases in the emission intenSity_[1—4,8]. These results
~suggest tﬁat the bound TNS is in a relatively rigid-non—polar environmeﬁt.: |
Presumab]y, bdth hydrophobic and electrostatic forces cbntribute to the
binding [2-4,8]. o |

We have béen-interested fn using this fluorescent probe to investigate
biological systems. There have been several reports on the use of such probes
in the study of mammalian‘ceTis [9-12];'bUt very little has been done with
cells grown in‘cﬁ]ture. The'importance of understanding the properties of
membranes of mammalian ce]]é grown in Cu]ture is becbming increasingly apparent.
Forﬁexample, there is evidence that membfane changes;do occur upon viral trans-
. formation of mammalian cells [13,14]. It has been suggested that membranes
of transformed cells are less rigid than their normal parent cell membranes [15],
and that the mobility of membrane components of normal cé]]s vary as a funétion
of growth []6]..‘fv |

The 3T3 mouse fibroblast Ce]]s when seeded in a dish at a fow.density
will actively grow unti1'they reach thefr saturation?deﬁsity. At this saturation

density the majority of the population becomes quiesCent [17,18]. The SV40



virus transformed 3T3(SV3T3), on the other hand, continues to grow even at
high cell density [19]. In the experiments reported here we used TNS to
compare the fluidity of the membranes of growing and quiescent 373 cells

with that of SV3T3 membranes from cells growing at Tow and high cell density.

MATERIALS AND METHODS

Reagents
TNS was obtained from Sigma and twice recrystaliized from aquéous»ethano].

It was kept as a 2.5 x 10f3 M stock solution in Watér. TNS Su]fonamide-was-
prepared as_preVious]y described [20] and was stored as a 2}5‘x‘10'3kM stock
’solution in ethaﬁo]. Although inﬁdlub]e_in water, it was reédi]y dispefsed
and adsorbed by'thé cells. Measurements with TNS sulfonamide were reproducible

and‘f]uoreséence enhancement in the presence of the cells was greater than 10X.

The cells used in this study wefe carried in 100 mm plastic dishes (Falcon)
~and incubated in a C0, incubator at 37°. They were maintained in Vogt and .
DQ]beCco's modification'of Eagles' medium [21], contéihing 10% calf serum
(GIBCO).V Both cell lines were transferred twice weekly by removal from‘the
~ dishes with 0.05% trypsin (Difco, 1:250) in 25 mM Tris bﬁffer, pH 7.4, containing
140 mM NaCl, 5 mM KC1, and 0.7 mM NazHPO4 (tsotonic Tris buffer). The seeding
density was 1/10 of the saturation density. The 3T3‘c1‘4A cef]s”were‘obtained
'from Robert Holley, Salk Institute, and cloned prior to use. SV3T3 ¢l 56 was
obtained from Renato Dulbecco, Salk Institute. Both cell Tines were shown tb

be free of mycop]asma by 3H-thymidine incorporation followed by autoradiography.
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To harveatqthe cells the medium was removed and:S ml of isotonic Tris
buffer was added.to each dish; The dish was:gently cwjr]ed, the buffer re-
moved and another portion added. = The cells were thenzscraped from the dish
with a rubber‘policeman and then transferred bykpipet'to.a centrifuge tube.
They were passed fhrough the pipet tip §evera1‘time$_tovassure dispersion and
were centrifugedifor 10 min at 720 x G in a IEC mode]_ﬂN-S centrifuge.‘ The
buffer:was aspirated and the procedure repeated. Theace11s were taken up in
isotonic3Tris ouffer.for counting and final dilution;, The proteinvcontent of
the cells was determined by the method of Lowry QE_él; [22]? using bovine

“serum albumin as ‘a standard.

Measurements

Measurementsfnere performed immediate]y after harvesting' In order to |
,avo1d reabsorpt1on errors and to conserve cells, cuvettes w1th alx 3 mm cross
sect1on were used for f]uorescence measurements, and 3 x 3 mm cross sect1on for
~absorption measurements. Background measurements of the ce]]s were f1rst
taken, then TNS.from the stock solution was added to yield the desired concen-
tration of TNS. The cells were passed through a pipet tip several times to
assure mixing and dispersion. - An aliquot was taken for neasurements.‘ Precision
in the f]uorescence intensity of different a1iquots from the same cell suspension

~was 10%. A1l measurements were taken at 37°.

' Instrumental

F]uorescence measurements were carried out using:a Perkin E]mer_MPF-ZA
Hitachi spectrofioorimeter with a thermostated:ceIT no]der. Excitation light
was filtered through a CorningL7-54 filter (u]traviolef tranaparent visibie
opaque) and em1tted 11ght was filtered through a 350 mM cutoff f11ter |

Excitation spectra are corrected for the filter absorpt1on The spectra are



otherwise dncorrected. The baekground'emission frem cells alone and from a TNS
blank were subtracted from the spectra of cells p]uﬁiTNS; The background was
not more than eeVeral percent of the intensity‘of eelis‘blus TNS. Absorption
measurements were performed on a Cary Mede1 118 spectrophotometer. Po]arizatidn
of f]uorescence,}P, was measured with a Perkin-E]mer polarization attachment

with Tinearly po}arized excitation light. P was ca]cu]ated from the expression [23]:

oo
vy I VH
p = HH
) Iy
I + — 1
vV HH VH

where I is the observed fluorescence and the subscr1pts V.and H indicate the

or1entat1on, vert1ca1 or horizontal, of the exc1tat1on and ana]yzer po]ar1zers,

-respect1ve1y.

- 'RESULTS AND DISCUSSION

when TNS was added to a suspension of 373 and SV3T3 harvested from 1ow.
density cultures the emission 1ntens1ty 1ncreased w1th t1me This effect has
been reported by other workers [7,12,24]. The major portion of this 1ncrease
chUrred.within 15 min of mtxing but some further increase could be detected
for at least an hour after mixing. We waited unti1 2 h after mixing befqre
taking final measurements. It was not possible to take the initial measurements
| at exactly the same time after mixing, due toldifterences in miking efficiencies
and thermé] convecthns which led to erratic signals until the samp]e equili-
.brated The 1n1t1a] measurements, then, were taken roughly 2 min after mixing.
Tab]e I Jists a number of fluorescence parameters which were mon1tored for TNS
bound to 3T3 and SV3T3 cells. The values jn this table were taken directly

after mixing TNS with cells and 2 h after mixing;- The intensities of emission
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were similar for 3T3 and SV3T3, suggest1ng that equal amounts of f]uorescent
probe were taken up by cells harvested from d1fferent growth conditions.

The 1n1t1a1-va1ue of the emission maximum was also identical for all the
samples tested. This 429 nm max1mum 1nd1cates that the probe is bound in a
non—po]af and/or rigid env1ronment [8]. 'As this value changed with time, some
attempt was made_to determine how great this change was. By syr1ng1ng TNS -and
cells simultaneousiy'into thebcuvette,'a spectrum of the emission maximﬁm could
be scannéd forwards and backwards within a minute of mixing. Scaﬁning in both
directions Qas neéessary, to assure that the value obtéinedtfor the emission
maximum yas'not_influenced'by the'kising'signal_intenéity. A va]ue of 430 nm
was obtained,vvéry_similar td initial values routine]y'fOUnd. Afteer h the
Wavelength-décréaséd 3-4 nm (see-Fig;']). This decreasé was associated with
the binding of about 30% more TNS.(see_later discussion), indfcating that.the
fluorescence assocfated with this later bound TNS was at sighificant]y'shbftér
wavelength than that of the early bound TNS. It is not possible to say whether
this latter: f]uorescence emanates from later bound TNS or ear]1er bound TNS
wh1ch has s]ow]y m1grated to a. d1fferent site.

Studies by other workers have 1nd1cated that the'fe]ated'probe, ANS, binds

to the plasma membrane of intact cells and does not penetrate the cytoplasm [9,12].

As most of the TNS'binding occurs within minutes of mixing, it too is probably
~ membrane bound. Ih addition, we have examined cells with bound TNS, by fluores-
“cence microscdpy,~and have found no indication that'TNS'concentrates'in any of
the organelles. The entire ce11 appeared 1um1nous with enhanced 1ntens1ty at
the per1phery, cons1stent with TNS bound to the plasma membrane.
The excitationvspectrum of the cells plus TNS, measured at 430 nm, is shown
in Fig. 1. It shows a prominent peak near 280 nm which'isvabsent in the sbectrum

of unbound'TNS infnbn—bolar‘solveht. As tryptophan containing proteins usually



have an absorption maximum hear 280 nm, this peak fndigéteé that proteih to TNS
energy transfer occurs. The critical radius,bdefiﬁed as the donor-acceptor
distance where the probabi]ity‘of energy transfer is 50% for energy transfer
from protein trybtophan to TNS, is 28 R [20]. ThiS-éuggesté that proteins con-
taining tryptophan which have TNS bound to them will probab]y transfer most of
their excitation energy to TNS.

To compare the efficienciés of energy transfer in different samples, we
have used the rétio of the emission intensity at 285 nm»ekcitation, which 1is an
excitation minimum for unbound TNS to the 1ntensity atvthe excitatioh.maximum
of TNS, near 320ﬁnm.v Increases in this ratio, over that for unbound TNS thén,
represent increases in energy transfer resulting from pkoximity of TNS and |
protein, and ére useful in determining whether TNS binds to protein. These - )
‘values are reported in Table I for 3T3 and SV3T3'gr0wh ﬁhder different conditions,
..and suggest that equa] %réctions of protein to TNS enefgy*transfer is occurring_
in all samp]es'

Since in this study it is not possible to d1st1ngu1sh the nat1ve f]uores- |
-cence of membrane proteins from that of 1ntrace1]u]ar prote1ns, we could not
-ascertain what fract1on of plasma membrane prote1ns ‘transfer energy to TNS.

It is possible, however, to estimate the contribution of transferred excitation
‘to the f]uores;ence of TNS. Protein tryptophan does not absorb at 320 nm, and

so excitation at this wave]ength is direct excitation of TNS. Unbound TNS in
90%-dioxane g1ves a fluorescence spectrum s1m11ar to that of TNS when bound to-
~cells, and exhibits a ratio of emission 1ntens1ty on 285 nm exc1tat1on in com-
parison with 320 nm excitation of 0.2 (see Fig. 1). Assuming that the excitation
" spectrum of bound.TNS'and fNS'in 90% dioxahe ére.simi1ar,‘then any'inérease in
this ratio is due to energy transfer from tryptophéﬁ; This aséumption is

pkobably.Valid sincé the absorption spectrum of TNS is not very sensitive to
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environmenf [8].1FWhen,TNS is bound to intact cells, this ratio is 0.5, ihdicating
that the ratib'df tfansferred excitation to direct excitatioﬁ at 285 nm is 1.5,

Protein.to TNS energy transfer 6ccurs; qs_has'Séen-reported for the related’
probe ANS, when‘bbund to other membranes. Ah obvious question arises: is TNS
protein bound or.simp1y distributed throughout the membrane so that its average
distance from a protein tryptophan is close enough £d permit protein to TNS
’energy transfér; or'sbme cohbination of the twb? Iﬁ the 1imiting case, where
all of the TNS'is.protein bodnd and él] of the protein éxcitation is transferred
‘ to TNS,'fhe ratio of transferred exéitation to direct e*citafion,at 285 nm will
reflect the'cdffééponding absorbances at 285 nm. By proteiﬁ bound we mean here
that the aroméffc portion of TNS is in such close proximity to the protein that
no 6ther mo]equles; i;g., solvent of phospho]ipid, interrupt their common'intér:
face. This definftibn distingyiéheS'between electrostatic binding between a
protein positive'charge‘and'thé TNS sulfonate group WhiCh could allow gfeater
tryptophah-TNS‘Separation. ;For one near-limiting case, fhe binding qf'TNS to
Tobacco Mosaic Virus Protein, this ratio‘is ca. 3 [20]. Tobacco Mosaic Virus
Protein does not have an unusually high number of tryptbphans_tzs] (nor therefore
an unusually high tryptophan abéorbance); If the plasma membrane proteins of
3T3 and SV3T3 cé]]S do not have unusually low numbers of tryptophans per hrotein,
‘then ohe might expect a ratio of at least 3 forAtransferred to direct 285 nm
excitation, if.TNS were so]ely-protéin Bound. A substantial portion and perhaps
nearly all of,fhe TNS is not prdtein bound in the 3T3-and SV3T3 cell membranes,
as this 285/320 ekqitation ratio is on]y'1.5. Polarization measurements (see
' supsequent discussion) are in'agreemént with this'concluSion, as are studies of
other membranous systems [26-28]. ‘v |

It is possib]e that random binding of TNS in the phospholipid;portions_of_
the membrane might éccount for the enérgy'transfer whi?h does occur. This Con-_f

_clusion is based on the fb]loWing calculations. If theice]ls are taken to be



of proteln per 100

spheres'with a radius of 10 u, and the plasma membranés*taken to be 85 R thick,

then the vo]ume occupled by one plasma membrane is 1 ] X ]0]3 53

7

The amount
cells was measured as 1 5 mg, and‘the ce]] membrane was

taken to conta1n 5.5% of the tota] cell protein. [29] ‘ If'the average protein .

| has a mo]ecu]ar we1ght of 40,000 [30], the number of protein molecules per cell

- membrane‘is 1;1'X']08. If‘these'are”random1y'distributed‘throughout_the membrane,
~an average center%to-center interprotein distance of 47-& is obtained. Asithere
. are probably’severa1'tryptophans.per'protein, and the'prbtein‘size is appreciable

~in'COmparison to:the interprotein distance, then there is a substantial possibi]ity

that a TNS mo]ecu]e randomly situated in the phospho]1p1d of the membrane will

_vhave at Ieast one tryptophan per protein w1th1n its critical rad1us ‘While this

calculation w1th 1ts many approx1mat1ons does not prove that TNS is randomly -

‘d1str1buted throughout the phospho]1p1d membrane, it 1nd1cates that substantial

prote1n to TNS energy transfer may be occurr1ng in the absence of prote1n -TNS.

‘b1nd1ng Further ev1dence will be presented later in th1s paper.

There was_a s]1ght_1ncrease in the 285/320 ratio after 2 h. As will be

discussed later, this increase may result from some protein-TNS binding. The

fraction of tranSferred energy was similar for 3T3 and SV3T3 cells, both below '

and at'confluency, regardless df when measured.

The polarization of TNS emission, with 320 nm excitation, was also similar

~ for 373 and»SV3T3 cells be]ow and at confluency. When the v1sc051ty of a so]ut1on

of a. TNS 1ncreases, 1ts polarization va]ue increases to a Timiting va]ue of 0 4 [8].

© TNS, when prote1n bound in an aqueous so]ut1on, has a polarization near 0 25 [20]
:-When the solvent v1scos1ty is increased, the polarization of prote1n bound probes.
v:a]so inereases. As membrane viscosity is much greater than that of water [15],
. we would expect;that TNS bound " to proteinhin the membrane would have an emission
._po]arization approaching the limiting value of 0.4. 'The;observed polarization of

0.25 would be cdnsistent with that of TNS'in~a,viscous medium, but not with that
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of TNS bound to protein in a viscous medium. The excitation spectral data also
indicated that_TNS was not extensively protein bound. - The possibility of TNS
to TNS energy transfer in the membrane, which wouid lead to-eepo]arization, will
be considered Tater. |

-The po]arization 2'h after mixing was s]ightly.htgher than immediately
.after.mixing. Thjs increase in po]arization was on1yv0.02,'but it did parallel
the increased*energy transfer observed 2 h after mixing. Both resu]ts'are con-
sistent with a'somewhat'greater'fractiOn of proteinibound TNS in.the 1ater binding
sites. In fact, stnce-about-30% more TNS is bound 2 h after mixing‘(see subsequent
discuSsion), and the limiting bo]arization of TNS is.0.4, about 1/3 of the later
bound TNS wou]d*have'to be protein bound to produce'an tncrease in 0.02 in the
: po]arization However, some of th1s 1ncrease m1ght result from b1nd1ng to more
vv1scous port1ons of the membrane, not b1nd1ng to prote1n

The em1ss1on po1ar1zat1on of TNS bound to 373 and SV3T3 cells is mueh Tower
using 285 nm excitation.instead of 320 nm excitation. "The polarization on 285 nm
" excitation of 0.08 is 70% less than with 320 nm excitation. In the absence of
any protein’ to fNS energy transfer, pb]arization of TNS using 285 nm excitation
is ca. 25% less than that‘obtained with 320 nm excitation [8]. This'suggests
that the remaining‘45% of the decrease is'ascribable'tO»protein to TNS energy
' transfer. If 1t is. correct that each energy transfer leads to comp]ete depo]ar1-
zation, then the ratlo of transferred to direct exc1tat1on equals the decrease
in polarization due,to energy transfer (45%) divided by the actual polarization
at 285 nm as a:percentage of the~320 nm polarization (30%). The value obtained
is 1.5. The same va]ue was obtained using the data from the excitation spectra
as calculated above. | |

In seVera] expertments a sample ot cells plus TNS was centrifuged immediately
after mixing and another sample was centr1fuged 2 h after mixing. The amount of

TNS taken up by the cells was calcu]ated by the decrease in the absorbance of TNS
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at 318 nm A'b]ank with-no'TNS wasvalso run,?to.assureithat no cellular material
contributed to the absorbance at 318 nm. 'Of.the inftial’Z 5 x IO'S'M TNS, 6'+ 1%
was 1mmed1ate]y taken up by the ce]]s and another 2 + 1% was taken up after 2 h.
No differences between 3T3 and SV3T3 cells could be observed, although these
could have been masked by the largé‘experimentaT error‘in observing such small
changes in abSOrbance. As the concentration of TNS in 3T3 and SV3T3 cells was
similar and the fluorescence fntensity of bound TNS'was also similar, the
quantum yield of TNS bound to 3T3 and SV3T3 ce]ls was s1m11ar

Using the tota] va]ue of 8% of the NS absorbed to the cells, a value of
t 2.4 x'JO; molecules of TNS per cell was obta1ned. vTh1s value is 40 times less
than that obtainedvfor binding of the related probe_ANS, to rabbjt'pulmonary
-umaorophages7[12];'when’both'measurements are normalizedfto.the»same.probe concen-
‘tration. It is unlikely that this'difference results from the different probes;
-as we have carried?outrpre]iminary.expértments using ANS with 3T3 and SV3T3 cells.
ANS . appeared to bind no more efficiently than fNS and may even have bound less v
efficiently."The difference in‘probe binding effioiencies between 3T3 or SV3T3
oells and rabbit pulmonary maCrophages may result from plasma membrane differences
‘ between them, However, different methods of determ1n1ng the fract1on of bound
.probe were- used in this study and the other Our method may be of 11m1ted
accuracy due to the low-absorbance d1fference measured, whereas'that'employed
for the macrophage study depended on an extrapolated va]ue | o

A poss1b1e comp11cat1on in 1nterpret1ng the po]ar1zat1on data may now be
"’cons1dered us1ng-the»above data. If TNS to TNS energy transfer ‘occurred within
vthe pTasma membrane; this would lower the emissionnpolarization,'and‘thistdeorease
“would be'unrelated”to'the membrane uiscosity; Calculations based on the membrane
volume (see above)fand'the?fraction'of NS absorbed'by”the cells, after initial

uptake, y1e1d a-concentration of TNS in the p]asma membrane of ca. 3 x 10 2

8

"Us1ng the 1n1t1a] value of 1.8 x 10 molecu]es of TNS bound per ce]], and a
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membrane volume of 1.1 x 1013 33, an average center-to-center TNS distance of
39 R was calculated. To estimate the efficiency of TNS to TNS energy transfer,

the critical radius, Ro’ was required. It was calculated from the following

6 _
e x 1073 g
R = LS 'Z-,
) 2  — -2 ~

n X v

expression’[31,32]:

0
where T 1s~the_détay time of the donor fluorescencé; vathé meanrof.thé peak
positions in Qéve-numbers of the donok‘emission and 1owest'energy'absorptioh'v
bands, J, the overlap integra], and n the refractivé;ihdgx. An orientation. .
factor of two-thirdé is éssumed. J, was obtained gfdphical]y from the emiésion
spectrum of initia]]y bound TNS, and from the absorption spectrum of TNS ih 90%
-dioxéne, a §o1vent‘ih which the emission spectrum of TNS is similar to that of

" TNS bound to thé,ce11S; Using this calculation, J; = 2.3 x 10° emd - mM'Z, An
average va]ue of 7 ns was taken for [33], as = js probably a composite‘of
lifetimes. . The vafue for n was taken as 1.4, which fs,the refréctivé ihdex of
the viscous hydrotarboh dodecanév[34],'and 36 = 2.73 x 104. Some leeway in the
accuracy of r:ana n‘can-bé toleréted; as theyvapﬁear in a sfxth'root term; Ro
was calculated fb:be 16 K.: The eﬁergy tféhsfer efficienty, E, for a TNS-TNS
separation of 39 A may then be ca]tﬁ]ated'frbm‘the fdiiowing éxpressibn [31,32]:

E = .___......':-_6.__
-6 -6
_ r  + R0 '

Where r_= 39 R, E.isv<1%. ’Thé acfuél efficiency could be somewhat higher if TNS
pa;ked so that.it had, on thé average, one'ﬁearest heighbor at a distance of less
 than 39 A. Howevéf, the fraction of bound TNS undergoihg depo]éfization_due'toi
energy transfer fsbprobablyvstill small. In addition, the further binding of
ca. 30% more TNS,‘éfter 2 h, led to an increase in eijsion‘po1akizatioh, which

is opposite td what:would be expected'if the depolarization due to energy transfer
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was occurring. Preliminary studies at differehtvcohCentrations-of~TNS-and cells
afso gaye simfiar values of'po]arizatioh;-a result consistent with a lack of
TNS to TNS energyvtransfer. | |

One experiment was carrﬁed out'with,an'Unchafgedlprobe, the sulfonamide of
TNS, TNSA. This probe bound immediately'to 3T3.ce11sland showed fluorescence
phoperties simi]ar to those'of TNS wheh bound to 3T3vcells ~Energy transfer
from membrane prote1n to TNSA as 1nd1cated by the rat1o of emission 1ntens1t1es
on 285 nm and 320 nm exc1tat1on, and the emission po]ar1zat1on us1ng 285 nm ex-
citation, is s1m11ar for,TNSAaand TNS when membrane bound. TNSA, having no
charged groups, phobabiy'binds to'the most hydrophobic:portiOns of the membrane,
the phospholipid portion;-'There is no apparent reason for the uncharged TNSA to
bind'to'membranevproteinsal As_TNS'shOWS an efficiency;aé an energy acceptor from
protein.simi]ar.to=that of TNSA, this is further evidence that TNS is lipid bound.

| It -would have .been preferab]e'to have performed measurements on plated cells,

as the disruptive forces in removing the cells may have overwhelmed small dif-
- ferences between the normal and trahsformed cells. It is unlikely, however,
that simply’removing the ceils from the plates w0u1d.affect their phospholipid
or proteih contents. However,~if'the membrane is stressed due to adhesive forces
with the dish, remova1 might aftect membrane,fluidity;- |

We haVe carried out pré]iminary experiments with plated cells. The plastic
~-of the dlshes and also that of p]ast1c microscope s]1des fluoresced strongly,
mask1ng the TNS f]uorescence We:therefore_grew the ce]]s on quartz cuvettes or
glass slides, carefu]]y w1thdrew the'medium and washed the cells with isotonicb
Tris buffer. The cel]s grew and exhibited normal morphology on glass or quartz
'Pretreatment of the g]ass or quartz w1th acid or base seemed to facilitate growth
FTuorescence was measured us1ng.front face illumination. The binding of TNS to
blated-gé115 Was'much s]oweh_than to suspended cells, but the fluorescence spectra

obtained were similar to those of cells in suspension. However, within the time
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réquired to perform the yéasurements (about an hdqf for plated ce]]s),.thé.cells
“rounded up", andﬂwe cannot be certain that thesé méaéuremehts represented
cultured cells in their usuél morpho]ogy. | :

This study has shown that under the conditions;described,vusing the fluores-
cence probe TNS, the plasma membranes of a normal and transtrmed cell are
similar iﬁ their probe binding efficiencies, kinetics;utheir ability to transfer

energy to TNS éﬁd, most significanf]y, their phosphb]ipid fluidities. It‘shou1d
be noted, however, that the f]uoréscence'properties of.TNS reported here are
“average propertieé and there are probably areas withfn_ﬁhe plaéma membréne where
the f]uorescencéibf TNS differs from the average. This‘is indicated by the
change 1in fidores&ente when additional TNS is taken up by the cells; i.e., 2 h
after mixfng. With different probeslit might be poS$ib]¢ to probe specific.

~ portions of the mehbranes where differences between normé] and transforméd -

cells could exist.
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TABLE 1 | | | o |

FLUORESCENCE OF TNS BOUND T0 373 AND SV3T3 CELLS THO MINUTES AND THO HOURS AFTER
MIXING o e IR _' B | |

The concentrati¢n §f cells was 5 x 105 /ml, and that of TNS was 2.5 x 105 M,

313 373 SV3T3 SV3T3

subconfluent -confluent subconfluent confluent
Emission maximun® +1 nm 2 min 429 429 429 428
2h 427 426 - 425 425
_Maximum emission  2min 37 83 42 49
Cintensity®® 1102 2h 69 56 62 63
‘Ratio of emission inten¥ 2 min  0.48 0.45 . 0.49 ~0.47

sities?P +0.02 ~2h 0.50 . 0.50 . 0.55  0.48

. 285 excitation
320 excitation'

Emission polarization ~ 2min  0.24 0.26  0.26 - 0.27
40.02 | R 2h 027 0.27 ~  0.28 0.29

320 excitation

Emission polarization = 2 min  0.07 0.08 = 0.08 " 0.07
#0.000 2k 0.07 008 008  0.07

285 excitation

a320'nm excitation

bAkbitrary.Units’
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FIGURE CAPTION -

Fig. 1. Emisé{on and excitation spectra of TNS bound to SV3T3 cells.
SeveraT'mihutes'after mixing, ——— ; 2 h after mixing, ———sm—e—,
Also shown is the excitation spectrum of TNS in 90% dioxane, —- =~ ==,
Thé intensities of the excitation spectra haVe been norma]izéd'at -
their méxima, near 320 nm. The concentration of TNS was 2.5 x 10’5 M
and the-cbncéhtratiOn of.cells was 5 x 106”per.m1. Emission spectra
wére thained’using.320‘nm excitation and excitation spectra were

méésured at 430 nm.
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United States Government. Neither the United States nor the United
States Energy Research and Development Administratipn, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness

.or usefulness of any Information, apparatus, product or process

disclosed, or represents that its use would not infringe privately
owned rights.
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