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SUMMARY

It has been reported that chemoattractant
N-formyl-methionyl-leucyl-phenylalanine (fMet-
Leu-Phe) binds with human polymorphenuclear
leukocytes (PMN), but its binding with human
lymphocytes is about one-tenth of that with
PMN. In the present study it was, however,
demonstrated that when the concentration of
fMet-Leu-Phe and cuiture time were increased,
its binding with human lymphocytes and adherent
mononuclear cells was enhanced 100 and 400
times over that with PMN, respectively, The
peptide bound with T lymphocytes and non-T
lymphocytes. The number of receptors for
fMet-Leu-Phe on lymphocytes as determined by
Scatchard analysis was 5 X10° sites per cell and
was 50 times greater than that of PMN.

INTRODUCTION

N-formyl-methionyl -leucyl-[3H] phenylalanine
(fMet-Leu-[®H]Phe), a chemotactic peptide,
binds with human PMN.! fMet-Leu-Phe chemo-
tactically attracts PMNY? and the binding of this
peptide with PMN accelerates the liberation of
lysosomal enzymes such as lysozyme and
p-glucronidase.»*  On the other hand, the
binding of fMet-Leu-[>H]Phe with purified
human lymphocytes is low,' and this peptide
hardly binds with lymphocytes obtained from
the guinea big spleen.’ Recently the peptide
has been reported to enhance locomotion of
human lymphocytes.t It has been reported that
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fMet-Leu-Phe binds with PMN as well as with
human monoeyte-ike cell strain U937.” When
this monocytelike cell is pretreated with
lymphokines, it binds with fMet-Leu-[? H]Phe to
accelerate the liberation of lysozyme and f-
glucronidase.”  fMet-Leu-[*H)Phe binds with
activated macrophages in the abdominal cavity
of guinea pigs treated with oyster glycogen and
chemotactically attracts these macrophages.5
However, it has not yet been demonstrated that
fMet-Leu-[*H]Phe can bind with macrophages
or monocytes of the human peripheral blood.

The present study was undertaken to determine
whether binding of fMet-Leu-[*H]Phe with
lymphocytes and adherent mononuclear cells in
the human peripheral blood could be detected
by increasing the concentration of fMet-Leu-
[3H] Phe and by extending the incubation time.

MATERIALS AND METHODS

fMet-Leu-[* H] Phe (46.4 Ci/mmole, New England
Nuclear Co., Boston, Massachusetis) and unlabeled
fMet-Len-Phe (Peptide Institute Protein Research
Foundation, Osaka, Japan) were purchased.
Lymphoprep (Nyegaard Co., Oslo, Norway), a
mixture of sodium metrizoate and Ficoll, was
used to isolate mononuclear cells and PMN.
Dextran T-500 (Pharmacia, Uppsala, Sweden)
and RPMI-1640 medium and fetal bovine serum
(FBS) (GIBCO Laboratories, New York) were
purchased.

Lymphocyties, adherent mononuclear cells, and
PMN were prepared from heparinized peripheral
blood (20 units/ml blocd, 10-20ml) from healthy
human volunteers. Blood was centrifuged on
Lymphoprep density gradient using the method
of Boyum.S Pellets, containing erythrocytes and
PMN, were diluted with 1.5% (w/v) dextran in
Hank’s balanced salt solution (HBSS), using a
volume equal to the original biood volume. The
erythrocytes were allowed to settle at an angle of
60" for 45-60 minutes at 4°C. The mononuclear
cell fraction obtained from the Lymphoprep
gradient and the supematant containing PMN in
dextran were each washed three times with
HBSS having a volume three times the original
blood volume by centrifugation at 450 X g for
10 minutes at 20°C. The mononuclear cells and
PMN were each resuspended in HBSS. To
separate the lymphocytes from the adherent
mononuclear cells, the mononuclear cells were
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resuspended in RPMI-1640 medium containing
20% heat-inactivated FBS at a concentration of
approximately 5 X10° cells/ml and cultured in a

plastic dish (3 cm in diameter, Falcon #3001)in

5% CO, at 37°C for two hours, after which the
lymphocytes were collected by a transfer pipet.
The dish was washed twice with 0.6 ml of the
37°C RPMI-1640 medium. The cells obtained by
the wash were combined with the initial collection
of lymphocytes. The adherent mononuclear cells
‘were recovered after incubation at 37°C for
30 minutes in 2mM EDTA in Dulbecco’s
phosphate-buffered saline. The lymphocytes and
adherent mononuclear cells were washed twice
with 6 ml of HBSS by centrifugation at 350X g
for 10 minutes at 4°C. Each was resuspended in
HBSS. Contamination of monocytes into
lymphocytes was less than 1%.

Lymphocyte fraction at concentration of
approximately 5 X10¢/ml was mixed with equat
volume of 0.1% sheep red blood cells (SRBC)
suspended in FBS at 4°C. After centrifuged at
50x% g for five minutes, the mixture was incubated
in an ice bath for one hour to make rosette
formation. The cell suspension was diluted with
HBSS, using a volume equal to the initial
suspension. Rosetting cells (T lymphocytes)
were separated from nonrosetting cells (non-T
lymphocytes) by Lymphoprep gradient. SRBC
were eliminated from T lymphocyte fraction
by exposure to distilled water (2 ml) for 20 sec.
T lymphocytes and non-T lymphocytes were
washed three times by 6 ml of HBSS.

For binding assay fMet-Leu-[>*H]Phe (34 nM)
and cells were incubated in 2201 of HBSS for
17 hours (unless specified otherwise) at. 37°C.
- Unlabeled fMet-Leu-Phe (50 pM) was added to
the mixture to detect nonspecific binding. The
incubation was terminated by vacuum filtration
of the mixture through a glass fiber filter. The

filters were rapidly washed for 30 sec, twice with

0.9% saline, dried, and placed into scintillation
vials, Soluene-350 0.15ml, was added to the
vials. After one hour, 5ml of scintillation
cocktail containing 0.4% 2,5-diphenyloxazole
and 0.01% 1,4-bis[ 2-(5-phenyloxazolyl)] -benzene
in toluene was added and the vials were counted.
Specific binding was defined as the total amount
of fMet-Leu-[*H]Phe bound minus the non-
specific binding. Values of binding in all figures
and tables refer to specific binding. Each sample
was assayed in triplicate.
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TABLE 1 Met-Leni-[’-‘m Phe BINDING WITH LEUKOCYTES
221 fMet-Leu- (*H)Phe 0O MER * &S

Number of Number of Cells Binding Activity (fmol)
Cell . Samples x 10 Mean £ SE

Lymphocytes 17 2 61.0+ 7.2
Adherent Mononuclear 10 2 255.0+33.0
Mononuclear* 18 2 9240 7.6
PMN 17 2 0.6+ 0.4
15 4 3.8+t 1.2

4 8 107 5.9

10 20 177% 5.9

*Lymphocytes + Adherent Mononuclear Cells

RESULTS

An appropriate number of celis were cultured
with fMet-Leu-[>H]Phe to determine whether
fMet-Leu-[> H] Phe would bind with lymphocytes
and adherent mononuclear cells in human
peripheral blood. The binding of fMet-Leu-
[*H]Phe with both lymphycytes and adherent
mononuclear cells was observed (Table 1).
Comparison ‘of the binding activity per 2 x10°
cells with lymphocytes and PMN shows that
binding was approximately 100 times higher
with lymphocytes than with PMN, Similarly,
binding with adherent mononuclear cells was
approximately 4 times higher than that with
lymphocytes, and 400 times higher than that
with PMN., At the peptide concentration of
34 nM, adherent mononuclear cells showed
greater binding per 2 X10° cells than lympho-
cytes, this being followed by PMN.

Since the greater binding of fMet-Leu-[>H]Phe
with lymphocytes and adherent mononuclear
cells than with PMN was assumed to be related
to culture time, lymphocytes and PMN were-
cultured for 1 hour and 17 hours, respectively,
and the binding for each time period was
examined. In the 17-hour culture, binding of
this peptide with lymphocytes was found to be
14.4 times higher than that in the 1-hour culture,
with adherent mononuclear cells being 19.9
times higher and with total mononuclear cells
21.3 times higher (Table 2). No clear difference
in the binding with 2 x10° PMN could be detected
between 17-hour and 1-hour cultures, but an
increment in binding with PMN was observed
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fMet-Leu-[3H] Phe Binding {(pmol/2 x 10° celis)

Figure 1. Scatchard analysis of Met-Leu-[3HjPhe binding with human lymphocytes. The equilibrium
dissociation constant {K;,) and number of receptor sites per cell were calculated from the slope and

x-intercept, respectively.
1

fMet-Leu- [ H)Phe @ b + Y ¥ 285k & O & O Scatchard 7o v k. i E B (Kp)l3f &

Ho, MBLEALSEYIOY 7y —HRBXIYF»r5ZHFAHFL L.

TABLE 2 {Met-Leu- [SH] Phe BINDING WITH LEUKOCYTES OVER INCUBATION TIME *

# 2 fiMet-Leu- [ 3H ]} Phe ORISR L 2 MERE D&ES
Binding Activity (fmol}
Celi Number of Number %f Cells Mean£SE
Samples X 10
1 hour 17 hours
Lymphocytes 6 2 4114 59.0t11.4 -
Adherent Mononuclear 5 2 11.0+2.2 219.0%£40.0
Mononuclear & 2 47%1.2 100.0+19.1
PMN 6 2 Not detectable
6 4 3.6t0.8 2.2% 1.3
4 20 6.6%3.1

23.2%146

by increasing the number of cells and by
extending the culture period (Table 2).

The number of receptors per lymphocyte and
dissociation constant (Kp) were calculated by
Scatchard analysis (Figure 1).° The number of
receptors on lymphocytes in the peripheral blood
was 5 x10° per cell and the value of Kp was
9x107"M.

t

EHNT ANk~ THESOBMARENE
(#2). '

YUY SRRIMEADOY TS — ML R
{Kp) i Scatchard 7w ;¥ 12 ERD A (F1).
Y > HSA D DY € S5 — (5 X108
T, KpflZ9OXW T MTh-oi.
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TABLE 3 fMet-Leu- [*H] Phe BINDING WITH T AND NON-T LYMPHOCYTES
#3 fMet-Leu-(3H)Phe @ T VY ¥ NERBUIHETY ¥ REOES

Cell »  Number of Number of Cells Binding Activity (fmol)
Samples x10% Mean *SE

T Lymphocytes 4 2 8.6 48

Non-T Lymphocytes 4 2 101.1+£40.1

TABLE 4 fMet-Leu- [*H] Phe BINDING AT LOW CONCENTRATIONS WITH
LYMPHOCYTES AND MONONUCLEAR CELLS
24 fMet-Leu- [3H]Phe OEREICH TS
Yy SRR UBBERE OES

Cell Number of Number of Cells Concentration  Binding Activity (fmol)
Samples x 10° (nM) Average
Lymphocytes 2 2 4.3 12
8.5 27
Mononuclear 2 2 4.3 10
8.5 22

On the other hand, binding of fMet-Leu-[>H]Phe
with human T lymphocytes and non-T lympho-
cytes was examined. The peptide bound
approximately 10 times higher with non-T
lymphocytes than with T lymphocytes (Table 3).

DISCUSSION

It was observed in this study that fMet-Leu-
(*H]Phe bound with lymphocytes and adherent
mononuclear cells in the human peripheral blood.
These binding activities were higher than that of
PMN. According to Williams et al' the binding

of mononuclear cells was 29%.that of PMN °
(per mg of protein) and the binding of purified.

lymphocytes was reduced to 11% that of PMN.
However, from Table 4, it was estimated that

the binding of “Tymphocytés with 'fMet-Leu- ™

{*H]Phe is 10-20 fmol/2 X10° cells at the con-
centration of about 6 nM which Williams et al
used. From Tables 2 and 4, the activity can be
calculated to be 1 fmol/f2 x10° lymphocytes in
1-hour culture and this value is consistent with
that reported by Williams et al.! These results
indicate that fMet-Leu-[*H]Phe can bind with
lymphocytes and adherent mononuclear cells
by increasing the fMet-Leu-[>H]}Phe concen-
tration and by extending the culture time. We,

—%, fMet-Lev-[(*H)Phe k& F TV ¥ /i8R E3E
TY ¥ NHRAQESLANE. ZORTFFOFET
Yy NERAOEESIR, TY ¥R A0 &5V
HEEL - (F3).

£ B

HFHEE I HVT, Met-Leu- [2H] Phe #' & b S

Doy > R EUCREEREERCIESGT LN

HErshh cORSFEHEPMNOESREELD

LEmVEARUA. Williams 51 18, MR

PMN029% L » (8¢ 3 (mg BELL D), AN

Yu SR PMNOUNSLARBE LA oL L HE

L%z, L#L, #4445, Met-Leu- (*H]Phe 03,
imAES Williams &5 OFLAH60M 2L 2BE, V8
ROESII10~20fmol/ 2 X103 Y » ke HEFEE h

. R2REUAASS, 1EERERCOESELER

1fmol/ 2 X105 Y »osEfl &b, Z o¥HMAER Williams
5l ogsr—Fta. chsnERid, Met-Leu-

(3H) Phe oBEL IS¢, R EBMELE N

5, V) rSERB RN MERIC Met-Leu- [ *H )Phe
AESLEBEIZLETLTVE. LEF-T,



therefore, assume that the differsnce between
the conclusion reported by Williams et al and
those of the present study is attributable to the
increase in fMet-Leu-[*>H]Phe concentration and
culture time.

fMet-Leu-[? ] Phe bound with both T lymphocytes
and non-T lymphocytes (Table 3). These results
strongly suggest a close relationship to the
recent observation that fMet-Leu-Phe enhances
the locomotion of human ly'mphc:cytes.6 From
the foregoing relationship between lymphocytes
and fMet-Leu-Phe, it can be readily assumed
that this peptide acts as a chemotactic peptide
to lymphocytes as well.

Binding of fMet-Leu-[>H]Phe with PMN increased
with increasing number of cells in both l-hour
and 17-hour cultures. The binding with 20 x10°
PMN in 17-hour culture was several times higher
than that in 1-hour culture. These results suggest
that this increment of the binding activity with
culture time is due to fMet-Leu-[> H] Phe incorpo-
ration into the cells. Abita and Morgat!® have
reported that when fMet-Leu-Phe is bound with
PMN and washed in a medium at 37°C, the
remaining amount of fMet-Leu-Phe is slightly
greater than the nonspecific binding, suggesting
a certain amount of the peptide is incorporated
into the cells.

The number of binding sites for fMet-Leu-
[*H]Phe on PMN was approximately 1 x10°
per cell in 17-hour culture. This value is
within the range of 2,000-250,000 reported by
Snyderman and Pike.!'! The number of binding
sites on lymphocytes was 5 %x10°% as shown in
Figure 1, indicating that affinity of lymphocytes
for fMet-Leu-[*H]Phe was less than that of
PMN, This is in agreement with the findings of
Williams et al' that binding activity in the
purified lymphocytes preparation was too low
to characterize and could be due to low affinity
binding.

Stiyderman and Fudman® have demonstrated
the binding activity of fMet-Léu-[*H]Phe using
inflammatory macrophages of guinea pigs. fMet-
Leu-[*H]Phe is also known to bind with cell
strain U937 activated with lymphokines.’
However, binding of macrophages with fMet-
Leu-[*H]Phe in the peripheral blood has not
been reported. The present study demonsirated
that fMet-Leu-[*H]Phe bound with adherent
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Williams 508&G L AR L EFEOERIPELS
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fMet-Leu-Phe AR FIEBEMES IV LET
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17EE RIS 3 o 5k ey~ v @ PMN & fMet-
Leu- [ H ) Phe M4ES8M iz 1 X105 ETH D,
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200,0000ED 3 BIZABZ. )y LTy ¥
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@ fMet-Leu- [ 3H ) Phe 23+ 38 % PMN &k B
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Snyderman & Fudman® I €Ty FO#KEM- 7 @
75—V EBWT Met-Leu- [ 3H ) Phe ¢ # & 154
B ki, U937 Mfgtks ) Yok 4 ¥ TiHE
£+ 3 & fMet-Leu- (3H) Phe #* AT 2 2 & &
mehTwa T LALads, Kifidoesu
7 — 3V fMet-Leu- (3H ) Phe & O¥ESIcon T
Gk EhTWEY, FHFERICHWTIE, [Met-Len-
(3H])Phe Ak PRI ¥ NHRETTEL,
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mononuclear cells (probably activated "macro- G REER (RS CERKL TS LEDRS
phages) as well as with lymphocytes in the

human peripheral blood. v U7y =) LARATBILAFBE L B L.
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