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THE. USE OF FLUORESCAMINE AS A PROBE’ FOR LABELING
THE OUTER SURFACE OF THE PLASMA MEMBRANE |
Susan P. Hawkes, Thomas D. Meehan and Mina J. Bissell

Laboratory of Chemical Biodynamics, Lawrence Berkeley Laboratory
University of California, Berkeley, California 94720

SUMMARY

A rapid method was deve]oped to label the outer surface of chick embryo
fibroblasts with fluorescamine without disruption of the cell monolayer.
Polyacrylamide gel electrophoresis resolved two distinct areas of fluorescencer
a group of high molecular weight polypeptides and several rapidly migrating
species. The latter were demonstrated by tlc to be phospholipids.

Fluorescamine did not label internal components of the cell as evidenced by
two intracellular proteins which were found to be non-fluorescent. Intact
normal cells were labeled 3-fold more than transformed cells, indicating a
possible loss of exposed sites at the surface, while disrupted cells,
subsequently labeled, yielded similar amounts of fluorescence.

- INTRODUCTION

'.Se1ective71abe1ing of plasma membrane components of whole cells should be

»fap*d physio]ogica] and minimize proteolysis and structural rearrangement.

Furthermore, 1nterna1 components should not be ]abe]ed These conditions were

met by usé of a fluorescent probe to 1abe1 proteins exposed specifically at

~ the cell surface and a subsequent method of analysis of sufficient resolution

to eliminate the necessity of fractionating cells and purifying their membranes .
F1uqrescam1ne is an attractive candidate for use'as a membrane 1abe1 for

many reasons. It reacts with pr1mary amines to form a f]uorescent product at

~an optimum pH 9 and wWith a half-time of a fraction of a second." Excess reagent

is hydrolyzed to a non-fluorescent form with a half- twme of several seconds.
Theoretically, then; f]uorescam1ne should react with a]l access1b1e pr1mary
amines on the ce1] surface for examp]e with N-terminal ‘amino acids of |
prote1ns, eps1lon amino groups of 1y51ne residues and free- am1no groups. of
1ipids. Eqrthermore, any fluorescamine passing'through'the membrane would in
all Tikelihood be hydro]jzed to an unreactive form. Tnus, all f]uorescent

products should be‘]bcated-en-the outer part of the cell membrane.



MATERIALS AND METHODS

Growth of cell cultures and labeling procedure: Cu]tures of chick embryo
fibroblasts were prepared and transformed with the Schmidt-Ruppin strain of
Rous sarcoma virus, subgroup A, as described (1).

Normal and transformed ch1ck embryo fibroblasts were labeled 48 hours
after secondary seceding.. After removal of the med1u$ from the monolayer, the
cells were washed with warm Hanks and borate buffer. A solution of
fluorescamine in acetone was added to buffer to a final concentration of 0.5%
acetone and immediately applied to the1ce11s. After thirty seconds, the cells
were washed and solubilized in 2% SDS. :

Gel electrophoresis: Samples of total protein from chick embryo fibroblasts
“were subjected to electrophoresis on polyacrylamide ‘using the dissociating
system of Laemli (2). A method (Hawkes, S. P., Reinhardt, J., unpublished)
was developed for the separation of polypeptides on a linear gradient of 10-20%
acrylamide. -Gels were examined for fluorescence with a uv hand lamp and then
fixed in acetic ac'd/isopropanol, stained with Coomassie Blue and destained
sequentially (3). <

Cell sonicates were analyzed by starch gel e]ectrophores1s using the
discontinuous tris-citrate buffer system and staining procedures described by

Selander et al. (4).

Lipid analysis: Lipids were extracted from fluorescamine labeled cells by

the method descriised by Radin (5), and analyzed by tlc on pre-coated silica

gel plates (adsorbisol-5, Applied Sciences). Samples were applied in chloroform
and the plates developed in a solvent system of chloroform : methanol : glacial
acetic acid : water (25:15:2:1 or 80:20:4:2). Spots were visualized with

jodine vapor, phosphate was detected with mo]ybdate spray (6) and fluorescence
located with a uv hand 1amp

Analytical procedures Em1ss1on of . fluorescent compounds was monitored at-
470 nm with the exc1t1ng wavelength set at 390 nm and relative fluorescence
was determined by comparison with a standard solution of quinine sulfate in
IN HZSO4.‘ Protein concentrations were determined by the method of Lowry (7).

RESULTS AND DISCUSSION
The stability of the fluorophor and hence the suitability of fluorescamine
as a potential membrane probe was examined by the use of a standard protein, |

ovalbumin. Solutions of ovalbumin were reacted with fluorescamine adsorbed

to celite in order to eliminate interference by acetone in subsequent procedures.

Under these conditions, ovalbumin could easily be detected in the picomole
range. The addition of 2% SDS and 5% 2-mercaptoethand] had minimal effect on
fluorescence yield. Furthermore, the binding of fluorescamine to ovalbumin

did not interfere'with.protein determination by the Lowry pfocedure. Solutions

1 Abbreviétions; buffer - 0.2 M H3BO4F(pH'9.0), SDS - sodium dodecy] sulfate.
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of labeled ovalbumin were'méihtained in the dqu at 4705, -20°, 4° and 22°

for 24 hours. Fluorescence was Stabie_6vén\this’péribd bf time. Similar’
stabijity was observed with thé fluorescent derivatives of celiular components,
despite the report by Bohlen g},_l;_(Bj that sdme broteins were re]afiveiy
unstable under the conditions of their assay.

‘It was desirable to'maintaih ¢e11s'in as close a'physiologica] environ=-
ment as possible durihghtreafment‘with fluorescamine. 'Labeling occurs at
physiofbgical toniéity and témpéfature. The integrity pf thé‘hembrahe at 
pH 9.0 was examined by the trypan blue exe]usiohntest and the degree of
leakage of'radioaétiVeiyliabeled proteins from the cells. In both tests no
difference was observed between cells at pH_7:4‘and pH 9.0 for at least 10
minutes, for both normal and transformed cells. Therefore, under the conditions

described in the 1abé1ing procedUre, theamehbrahe'apbeared to be intact.
'Finélly, acetdné-waé'shown to have'litt1e'efféct on the labeling of:ce11s‘
_sihce the extent of 1ébeling and the profile of separaﬁedvpo1ypeptides‘was

no dffferent when acetone was omitted»by the use of'f1uorescamine adsorbed

to celite parti¢1é§.

" The time reqUireﬂ to label chick embryo fibroblasts was approximately

one minute. The cells and all solutions were maintained at 37° until the
removal of f]uoreséamihe af.which time all subsequent operations were carried

out at 4°. Mono]ayers examined by f]uorescente microscopy were uniformly

labeled, with the exception of mitotic cells which fluoresced more intensely.

~In order to eliminate cell fractionation and ‘membrane purification
procedures, a method of grédiénf po1yaéry]amide gel e1ectrophbresis, which

gave good resolution in separations of complex mixtures of proteins from

- 2000 to 200,000 dalﬁohs, was'deve]dped; _Figufé 1 shows a typfcé] separation

as visualized by Coomassie blue staining. 1In a similar separation of proteins
from cells prelabeled with f]uorescamine; two major areas. of fluorescence

were observed (Fig; 1):-fa group of bahds,,éround 200,000 daltons, and a



4 | -4-
second group of rapidly‘migrating species.. Thesé wefe‘shown by tlcbto_be |
phpspho]ipids With Rf's corresponding to f]uorescamineétreated phosphatidyl-
:ethanolaminevandvphosphatidy1serihe, which are constituents of membranes.
There wefe oné”bf-two bahds in the intermediate regioh whiéh were difficult
to locate precisely with the instrumentation ayailablé;

In_order to’determine}whether fluorescamine penetrated the ée]]s in a |
reactive form, two intracellular proteins were éXamihed to determine whether
they'were labeied under the'cohditions described prevfous1y;. Total protein
from f1uorescamine-1abé]ed cells wa§ subjected to‘starch ge1 electrophoresis.
The.ge1 was s1j¢ed hofizonta]]y into three réplicates, two of which were |
stained for lactate dehydrogenase--an abuhdant;enzymé in chick embryo 
fibroblasts (9),.and phosphoglucose ﬁsomerase. The third was examined for
fluorescence. In no casefwere'the fluorescent bands coincident with the
stained proteins; thus supporting the contention that intracellular proteiné
were not 1abe1ed.  | | |

A compariéon of the fluorescence of intact normal and transformed cells
is preSentedjih“Figure 2. Transformed cells saturated around 250 ug | |
-~ fluorescamine/m1 buffer whereas normal cells were not séturated at 500‘ug/m1.
At.this point the extent of labeling was 3-fold gféatér than the f]uorestence
of trarsformed cells. Thét this is a surfacé phenoméﬁoﬁ is demonstrated in ”
Figure 3. Cells disrupted by éonication and then reactédiwith fluorescamine
were labeled to almbst the same extent at all ratio§ of f]UOrescamine/perein
examined. Indeed, transfbrmed cell sonicates may.have'been labeled more.

Why the difference? Firstly, it cbu]d reflect a difference in the
quantity of sites on the surface. For example, many workers (10,11) have
observed the disapbearance of the so ca]]ed 250K prqtein_from the plasma
membranes of cells after transformatioh, as can be seen by the absence of one
(or MOre) bands of 6o1ecu1ar'weight > 200,000 daltons in Fig. 1. Whether

this could account for.suth a difference is questionab]é. Secondly, it cou]d
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reflect differences in the identity of the reactive'sites and their local
env1ronments which would affect fluorescence y1e1d Final]y, it could be a
quest1on of access1b111ty of the f]uorescam1ne, as norma] and transformed
cells undoubtedly have d1fferent-geometr1es. The answer probab]y lies in a
combination of several or all of thése. : |
The advantaées of the technique of f]uorescamine’]abe}ing and subSequent
éna]ysiS'by high’reso1uti§n po]yacry]qmide gel e]ectrophdrests'can be
summarized: . | | o
1. The'1abe1ingrprocedure_fS“rapid«and minimizes thé pbssibt]ity of the cell
responding to exper1menta1 man1pu1at1ons |
2. In compar1son to other methods, the reaction cond1t1ons are m1]d
3? Proteins can be detected at least to the pncomo]e,range.
4. The method does not rely on the occurrence of spétific amino acid residues
and shou]d.therefore be a genera1i1abe1 for all broteins and some lipids.
>. ' It appears to label only those components exposed on the outer surface of
the cell. |
5. The separationtbf a.compléx.mtxture of proteins withsgood resolution allows
cells to‘be'1abe1éd,}solubinzedtand analyzed withbut complicating the
result by the use 6f proteases, chelating agents, and long purification

procedures.

Finally, the method should have wide application in the study of outer
surféces, not only of cells, but also of subcellular organelles suth as nuclei

and mitochondria.
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Figure 1. Samples of total protein from unlabeled chick embryo fibroblasts
were electrophoresed under dissociating conditions on a
polyacrylamide gradient gel. Polypeptide bands are visualized
by Coomassie Blue staining. Numerical values represent the
molecular weight (in daltons) of standard proteins. Areas of
fluorescent bands observed in a similar separation of protein
from fluorescamine labeled cells are indicated.
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FLUORESCAMINE LABELING OF INTACT CELLS
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Figure 2. Monolayers of chick embryo fibroblasts were labeled with -

fluorescamine for 30 seconds and solubilized in SDS. |
Fluorescence yields were compared on the basis on protein |
content and with reference to a quinine sulfate standard.

Percentage relative fluorescence values were calculated by

“placing the f]uorescence yield for normal cells at 100%.
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Figure 3. Monolayers of chick embryo fibroblasts were removed from culture

dishes by scraping with a rubber policeman. The cells were
suspended in borate buffer, transferred to a test tube and
disrupted by sonication. The sonicates were labeled by the

. addition and rapid mixing of a solution of fluorescamine in

acetone (final concentration, 0.5% acetone). Fluorescence
yields were determined with reference to a quinine sulfate .
standard. - : ' S
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