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Sheep red cells (SRBC) adhere specifi- 
cally to human T lymphocytes (T-L) to form 
rosettes (1 , 2). Since the cellular interaction 
is weak, marked variance in the number of 
rosette forming cells (RFC) in normal hu- 
man peripheral blood has been reported by 
different investigators (3-5). Recently we 
described an improved rosetting technique 
using SRBC treated with the thiol S72-ami- 
noethylisothiouronium bromide (AET) (6). 
Interaction of AET-treated SRBC (SRBC- 
A) with T-L results in prompt formation of 
large rosettes resistant to mechanical disrup- 
tion so that higher, reproducible percent- 
ages of RFC are detected in isolated periph- 
eral blood lymphocytes (PBL). Since a num- 
ber of mechanisms could account for this 
enhanced cellular interaction , studies were 
undertaken to determine the effects of AET 
and other compounds on SRBC mem- 
branes. 

Materials and methods. Chemical modifi- 
cation of S R B C .  Sterile sheep blood anti- 
coagulated in Alsever's solution was pur- 
chased from Grand Island Biological Co. or 
obtained from a sheep housed at the Minne- 
apolis Veterans Administration Hospital; 
blood was used within 2 weeks of bleeding 
unless otherwise specified. AET and 1,l 
dimet hylguanidine hydrochloride (DMG) 
were purchased from Aldrich Biochemicals. 
Bis( 2-guanidinoethyl) disulfide (GED) was 
synthesized by air oxidation of a slightly 
alkaline , aqueous AET solution. The melt- 
ing point (1 98- 199") and infrared spectrum 
of the product were identical to values re- 
ported for GED (7). Dithiothreitol (DTT) 
was obtained from Calbiochem, 2-mercap- 
toethanol (2-ME) from Eastman Biochemi- 
cals, and iodoacetamide (IA), N-ethylmal- 
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eimide (NEM), and dithiodinicotinic acid 
(DTDNA) from Sigma Chemical Co. All 
reagent solutions were freshly prepared just 
before use. AET and GED solutions 2 0.15 
M were prepared in 0.01 M ,  pH 9.0 Tris- 
HCl buffer (Tris); lesser concentrations of 
these compounds and all DTT, 2-ME7 and 
DMG solutions were made up in Tris- 
buffered saline (TBS). IA, NEM, and 
DTDNA were dissolved in phosphate- 
buffered (0.01 M ,  pH 7.4) saline (PBS). 
One volume of packed, washed SRBC was 
incubated (30 min, 37") with 4 vol of AET, 
DMG, GED, DTT, or 2-ME at concentra- 
tions ranging from 1.5 x lop5 to 3.0 x 10-' 
M and washed thoroughly in RPMI 1640 
(RPMI). Aliquots of packed SRBC and 
SRBC-A were incubated (1 hr, 37") with 
equal volumes of IA, NEM, or DTDNA at 
concentrations of 1.5 x to 1.5 x lop2 
M and thrice washed in RPMI. Trypsiniza- 
tion of SRBC and SRBC-A was performed 
by incubating (37", 1 hr) a 2 mg/ml solution 
of recrystallized trypsin (Worthington Bio- 
chemicals) with equal volumes of 5% SRBC 
or SRBC-A suspensions in RPMI. Soybean 
trypsin inhibitor (Sigma Chemical Co .) was 
added and the cells were washed repeatedly 
in saline and once in RPMI. If trypsinized 
SRBC were to be treated with AET, they 
were washed only once before addition of 
AET. 

Isolation and rosetting of normal PBL. 
Human PBL were isolated and rosetted with 
native and chemically modified SRBC as 
previously described (6). Rosetting en- 
hancement was calculated as the percentage 
of PBL rosetting with modified SRBC mi- 
nus the percentage of rosetting with control 
SRBC (SRBC incubated in buffer). 

Solubilization and electrophoresis of 
S R B C  and SRBC-A  stroma. Hemoglobin- 
depleted SRBC and SRBC-A membranes 
were prepared by the method of Dodge et 
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al. (8), solubilized in 1 % sodium dodecyl 
sulfate (SDS), and electrophoresed in 5.6% 
polyacrylamide gels containing SDS (SDS- 
PAGE) (9). Gels were stained with Coo- 
massie blue or PAS and scanned at 530 and 
560 nm, respectively. 

Analyses of stromal components. Solubi- 
lized membrane protein was measured by a 
modified Lowry method (10). Membrane 
sialic acid was measured as described by 
Warren (1 1). Phospholipid phosphorus was 
determined after chloroform: methanol ex- 
traction of SRBC and SRBC-A membranes 
(1 2 )  and ashing of the solubilized lipids (1 3, 
14). Reactive (free) and totally solubilized 
membrane sulfhydryls (SH) were measured 
with 5,5'-dithiobis-( 2-nitrobenzoic) acid 
(Sigma Chemical Co.) (15, 16). All SH 
measurements were performed within 2 
days of membrane preparation. 

Electron spin resonance (ESR) measure- 
ments. These studies were performed in col- 
laboration with Dr. Ronald Mason. All la- 
beling reagents were purchased from Syva 
Corp. SRBC and SRBC-A were labeled 
with 5-nitroxide stearic acid (5NSA) by add- 
ing 1 pl of 0.1 M 5NSA in ethanol to 0.5 ml 
of a 50% washed erythrocyte suspension. 
SH-labeled cells were prepared by incubat- 
ing washed red cells with 5 x lop4 M N-(1- 
oxyl-2,2,6,6-tetramethyl-4-piperidinyl) io- 
doacetamide (ISL) or with N-(  l-oxyl- 
2,2,6,6-tetramethyl-4-piperidinyl) maleim- 
ide (MSL) in PBS. ESR spectra were mea- 
sured at room temperature. 

Results. Effects of various reagents on 
SRBC. Treatment of SRBC with 0.143 M 
AET, pH 9.0, did not alter the protein con- 
tent nor the sialic acid:protein or phospho- 
1ipid:protein ratios of SRBC-A compared 
with SRBC (TAble I), but markedly en- 
hanced the rosetting activity of these cells 
(Fig. 1). As reported by others (17), the 
sialic acid content of SRBC (and of SRBC- 
A) diminished with storage of blood at 4" 
(Table I) .  Compared with SRBC, SRBC-A 
exhibited modest (- lo%) ,  but statistically 
significant, decrements in both total ( P  < 
0.01) and reactive ( P  < 0.001) membrane 
SH groups. 

Since rosetting enhancement by AET 
could be due to neutralization of the nega- 
tive surface charge of SRBC membranes by 
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strongly cationic guanidino groups of AET, 
SRBC were exposed to GED and DMG, 
positively charged, guanidino-con taining 
compounds that lack an active SH group 
present in AET at pH 9.0. SRBC were also 
treated with 2-ME and DTT, uncharged 
thiols, to observe their effects on rosetting. 
The results (Fig. 1) show that GED and 
DMG were inactive, but appropriate con- 
centrations of DTT and 2-ME clearly facili- 
tated rosetting. This suggested that SRBC 
membrane SH groups were required for ro- 
setting. However, treatment of SRBC and 
SRBC-A with the SH-alkylating agents IA, 
NEM, and DTDNA at high concentrations 
(1.5 x lo-* M ) ,  before or after thiol treat- 
ment, did not impair rosetting; in contrast, 
trypsinization of native or thiol-treated 
SRBC totally inhibited rosetting (Table 11). 

Page-SDS and ESR studies. No discerni- 
ble differences between SRBC and SRBC- 
A membranes were detectable by SDS- 
PAGE or by ESR. 

Discussion. The physicochemical forces 
responsible for adherence of SRBC to T-L 
have not been elucidated. It has been pro- 
posed that coulombic forces or hydrogen 
bonding between lymphocyte membrane 
NH2 groups and negative sites on SRBC are 
involved (1 8). Others have suggested that 
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FIG. 1 .  Dose-response relationship between 
SRBC treated with various thiols and their analogs to 
enhancement of rosetting. The mean and absolute vari- 
ations observed are plotted for each concentration of 
each compound. Rosetting enhancement is calculated 
as the percentage of rosetted lymphocytes after expo- 
sure to treated SRBC - the percentage of rosetted 
lymphocytes after incubation with SRBC exposed to 
buffer alone. 

TABLE 11. EFFECTS OF SULFHYDRYL INHIBITORS 
A N D  TRYPSIN ON SRBC A N D  SRBC-A ROSEITING 

Treatment of SRBC 
Percent age of rose t- 

Initial Final ted lymphocytes 

PBS 
PBS 
1A 
IA 
AET 
A E T  
NEM 
NEM 
D T D N A  
DTDNA 
Trypsin 
Trypsin 
AET 

PBS 
TBS 
TBS 
A E T  
PBS 
IA 
TBS 
A E T  
TBS 
A E T  
TBS 
A E T  
Trypsin 

45.8 ? 5.8" 
38.0 ? 1.0 
40.6 ? 1.0 
75.5 ? 4.5 
70.0 ? 4.0 
70.8 k 4.0 
37.3 k 4.0 
68.5 2 1.5 
32.7 ? 4.1 
71.5 k 4.0 

0 
0 
0 

One standard deviation from the mean of four to 
five individual observations. 

T-L rosetting is mediated by SRBC surface 
glycopeptides having the oligosaccharide se- 
quence sialic acid + galactose -+ N-acetyl- 
glucosamine linked to a mannose:N-acetyl- 
glucosamine core (1 9). Since trypsinization 
removes much of the surface glycoprotein 
from red cells (17) and abolishes rosetting 
of SRBC with T-L (1, 2), this supports the 
concept that SRBC surface glycoprotein 
serves as the T-L receptor; however, these 
observations shed no light on the mecha- 
nism of thiol-enhanced facilitation of roset- 
ting . 

At pH 9.0, AET is converted to 2-mer- 
captoethylguanidine (20), which contains 
one free SH group. This thiol readily forms 
mixed disulfides (S-S) with free SH groups 
of SRBC membranes. Although many activ- 
ities of intact erythrocytes cease after they 
are exposed to SH-active agents, Godin and 
Schrier (21) have shown that the effects of 
these compounds may not result simply 
from membrane SH modification, but 
rather from structural changes induced in 
red cell membranes (e .g . , solubilization of 
membrane components or disruption of 
membrane S-S bridges), 

The data (Tables I and 11) indicate that 
free membrane SH groups are not directly 
involved in rosetting and that thiol-en- 
hanced rosetting is not mediated by mecha- 
nisms involving solubilization or removal of 
SRBC membrane components such as sialic 
acid, as previously described by Weiner and 
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associates (22). It appears likely that a ma- 
jor effect of AET and other thiols on SRBC 
is to disrupt S-S bridges, resulting in impor- 
tant conformational changes in the SRBC 
membrane. Thiol treatment is known to in- 
duce striking immunologic alterations in 
normal human red cells similar to those ob- 
served in paroxysmal nocturnal hemoglobi- 
nuria (PNH) erythrocytes (23-25). Several 
investigators have speculated that cleavage 
of red cell membrane S-S bonds induces the 
PNH-like lesion (24, 26-28). We propose 
that analogous changes in thiol-treated 
SRBC membranes are responsible for their 
increased adherence to T-L. However, nei- 
ther naturally occurring PNH red cells nor 
normal human red cells treated with AET 
rosette with T-L (unpublished observa- 
tions); consequently, thiol treatment of red 
cells does not appear to create membrane 
sites that interact nonspecifically with T-L. 

If changes in membrane configuration are 
responsible for thiol-enhanced rosetting, 
three possibilities must be considered: 
Thiols may (1) not change the number of 
reactive sites on SRBC but may stabilize the 
interaction of exposed sites with T-L; (2) 
uncover cryptic additional sites identical to 
those readily accessible on SRBC; and (3) 
create different, possibly charge-dependent , 
sites on SRBC membranes. Number 3 is 
unlikely since various thiols having different 
charge characteristics are effective in facili- 
tating rosetting of SRBC but not of human 
red cells; moreover, trypsinization destroys 
the reactive moiety of thiol-treated, as well 
as of unmodified, SRBC. Number 2 is im- 
probable since trypsinization destroys all T- 
L receptor sites on intact SRBC despite sub- 
sequent thiol treatment. If buried, poten- 
tially reactive sites identical to those accessi- 
ble on unaltered SRBC membranes exist 
and are exposed by thiol treatment, it is 
unlikely that a large molecule such as tryp- 
sin (mol wt - 20,000) (29) would have 
access to and destroy such moieties in intact 
SRBC. The most plausible explanation for 
thiol-enhanced rosetting is an alteration in 
SRBC membrane configuration that stabi- 
lizes the interaction of surface-reactive 
groups (probably glycoproteins) with T-L. 
Unfortunately, electrophoretic and ESR 
studies did not detect the postulated config- 

urational changes. Possibly other tech- 
niques, such as fluorescence polarization, 
may reveal such alterations and, thereby, 
provide valuable insights into red cell mem- 
brane structure and its modification by 
thiols. 

Summary. The mechanism of enhanced 
interaction of T-L with SRBC-A has been 
explored and the following results obtained: 
(1) Compared with SRBC, SRBC-A con- 
tain identical quantities of protein, phos- 
pholipid, and sialic acid, but have slightly 
reduced SH content; (2) treatment of SRBC 
with thiols having charge properties differ- 
ent from AET also facilitates rosetting; (3) 
exposure of SRBC to various SH-alkylating 
reagents, either before or after thiol treat- 
ment, does not diminish thiol-enhanced ro- 
setting; (4) trypsinization of SRBC and of 
SRBC-A completely abolishes the ability of 
these cells to rosette; and (5) no differences 
could be detected between intact SRBC and 
SRBC-A, or in their solubilized membrane 
components, by SDS-PAGE and by ESR. 
These results indicate that free SH groups of 
SRBC membranes are not directly involved 
in the rosetting process. Thiol-enhanced ro- 
setting probably results from cleavage of 
membrane S-S bridges resulting in configu- 
rational changes within the SRBC mem- 
brane. The interaction of an SRBC mem- 
brane receptor, probably glycoprotein in na- 
ture, with T-L is thereby facilitated. 
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