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SUMMARY Various small fragments of Py; (sequence 1-[Cys-6])-27, 123-[Cys-
| ¢

127)-129), which is one of the immunodominant groups of hen egg-white
lysozyme (HL), were tested for macrophage migration inhibition (MMI) of peri-
toneal exudate cells (PEC) from guinea pigs immunized with HL. P,; was split in
the middle with cyanogen bromide. The terminal portion of Pi, Pz (sequence
1~[Cys‘-6]—Homoser..12, 123—[Cys-§127]-129) showed positive MMI, whereas the

non-terminal half of Py, Py (sequence 13-27) only showed very weak MMI ac-
tivity. A fragment derived from the middle portion of Pz, Pyrn (sequence 11-22),
was inactive. When Pj; were reduced and alkylated, one of the resultant peptides,
Py (sequence 1-[CM-Cys-6]-27) still has MMI activity with PEC taken from
guinea pigs immunized with HL, although no antibody reacting with it was detected,
but Py, (sequence 123-[CM.-Cys-127]-129) was inactive.

The peptides Py; and Pz were both immunogenic in guinea pigs in respect to the
delayed hypersensitivity response. Again Py, and Py were immunodominant
groups, but the reactivity of Py7; in MMI assay of this group of animals was greater
than that in guinea pigs immunized with HL. The reactivities of HL with PEC
taken from guinea pigs immunized with Py7 or Pyry were generally weaker than those
of the antigens used for immunization.

1 On leave from the Department of Microbiology,
Medical School, Kyun Hee University, Hae Kee
Dong, Don Dae Mun Gu, Seoul, Korea.
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Skin reactions in guinea pigs immunized with HL, P;, or Py, were also tested.
It was found that the results of the delayed skin reaction and that of MMI were

approximately parallel.

INTRODUCTION

A high degree of specificity in delayed hyper-
sensitivity is generally noted in the hapten-car-
rier system (Gell and Benacerraf, 1961; Gell
and Silverstein, 1962; Bloom, 1971; Fleisch-
man and Eisen, 1975). For manifestation of
delayed hypersensitivity the haptenic group
alone does not seem to be enough, and general-
ly the contribution of a certain structure of car-
rier protein is essential. But an exceptionally
high degree of contribution of the haptenic
group in delayed hypersensitivity was reported
by Leskowitz (1963 and 1971) using p-azoben-
zene arsonate as a hapten. It was reported
that a molecule as small as p-azobenzene-arso-
nate-L-tyrosine can induce delayed hypersensi-
tivity as immunogen and also as a test antigen
in guinea pigs.

Although protein seems to be very important
in delayed hypersensitivity as antigen itself and
also as a carrier for hapten systems, relatively
little information is available on the antigenic
determinants in proteins responsible for de-
layed hypersensitivity. Parish (1971) and
Ichiki and Parish (1971) reported that chemi-
cally modified flagellin or enzymatically
degraded flagellin induced cell-mediated im-
munity as well as, or even better than unmodi-
fied antigens. Later Thompson et al. (1972)
reported that there is no discrimination in de-
layed hypersensitivity between native lysozyme
and reduced-alkylated lysozyme. These re-
ports are somewhat contradictory to results
obtained with the hapten-carrier system de-
scribed above.

Therefore, further studies on the nature of
antigenic determinant involved in delayed
hypersensitivity seem necessary. Previously
we reported (Miyagawa et al., 1975) that three
or four kinds of peptides obtained from HL
showed MMI activities when tested with PEC
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from guinea pigs immunized with HL. One
of these, called P,,, which is composed of the
N- and C-terminal portions of HL was studied
further, because it was also shown to have anti-
body binding activity when tested with anti-
bodies made to HL in rabbits (Fujio et al.,
1968) and guinea pigs (Ha et al., 1975). This
paper reports detailed studies on the localiza-
tion of the specificity of delayed hypersensi-
tivity in HL in comparison with that of cir-
culating antibody.

MATERIALS AND METHODS

1. Hen egg-white lysozyme (HL)

Six times recrystallized HL preparation (Seikagaku
Kogyo Co. Ltd.) was used without further purifica-
tion for preparing the active peptide. For prepara-~
tion of immunizing antigen, crystalline HL was
further purified on SE-Sephadex C-25 in 0.2M
sodium phosphate buffer, pH 7.16 and then passed
through QAE-Sephadex C-25 in 0.005M sodium
phosphate buffer, pH 8.0.

2. Preparation of derivative peptides of Py,
P, (sequence 1-[Cys-6], 123-[Cys-127]-129) was
| |

prepared by limited digestion of HL, by pepsin and
purified by CM-cellulose chromatography, as de-
scribed previously (Fujio et al., 1968 and Ha et al.,
1975). The homogeneity of P,; used in the present
work was estimated to be about 93% by amino acid
analysis.

P.;, (sequence 1—[Cys;6]—Homoser-12, 123-[Cys:

127]-129) and Py;; (sequence 13-27) were prepared
by splitting the methionyl bond in Py, with cyanogen
bromide. Two peptides were separated by chroma-
tography on SE-Sephadex C-25 as described before
(Haetal.,1975). These peptides were further puri-
fied by rechromatography. Amino acid analyses
showed that both peptides were at least 95%, homo-
genous.



TaBLE 1. Amino acid sequences and minimal molecular weights of the peptide derivatives of HL

tested for MMI and skin reactions

Peptide Amino acid sequence Molecular weight®
Ps Gln57——CIys“—Cys7°—-C£fss°——Leua‘ 5,456
Ser®—Cys¥—Ala'??

Py, Lys!—Cyst—Asn?¥ 3,927
Trpms—Cysm——Leumg

Pt Lys'—Cys—Homoser!? 2,203
Trpl?.a__cyslTI__LeuIZQ

Py Lys'®—Asn? 1,760

Piax Lys!—CM-Cys*—Asn® 3,086

Pirc Trp'®—CM- Cys#—Leu!?

Piim Alall—Gly* 1,418

@ The minimum molecular weight of each peptide was calculated from the results of amino acid analysis.

P,.~ (sequence 1-[CM-Cys:6]-27) and Py;c (se-
quence 123-[CM-Cys-127]-129) were prepared by
reduction and alkylation of the single disulphide
bond in P,;. The resultant two peptides were
separated by gel filtration on serial columns of
a Sephadex G-15 (3 x 140 cm) and of a Bio-Gel P-10
(3%150 cm) in 25% (v/v) acetic acid as described
previously (Ha et al., 1975). Amino acid analyses
showed that one peptide was an N-terminal peptide
(Pyx) of Py; and the other was a C-terminal peptide
(P1sc) of P,;. On amino acid analysis of P,y using
0.3 um of peptide no isoleucine was detected and
contamination of P,;x with intact Py; or Py was
estimated as less than 1%.

Pi7m (sequence 11-22) was prepared directly from
the peptic digest of HL.. The details of the purifica-
tion procedure and the results of amino acid analysis
were reported previously (Ha et al., 1975).

Pg (sequence 57-[Cys-64]-[Cys+76]-[Cys+801-83,
| i

84-[Cys 394]-1 07) was also prepared by limited diges-
tion of HL with pepsin as described before (Shinka
et al., 1967; Fujio et al., 1974 and Miyagawa et al.,
1975). The homogeneity of the peptide was also
tested by amino acid analysis (Shinka et al., 1967)
and disc electrophoresis in acid medium in the pre-~
sence of 6 M urea (Fujio et al., 1974). Anino acid
analysis indicate that the Pg preparation was more
than 95% homogeneous and only a single band was
observed on disc electrophoresis of 20 ug of peptide
on a 20% polyacrylamide gel column (5 x 80 mm).

Contamination of each peptide with intact HL. was
especially carefully checked by measuring the lytic
activity of 5 mg/ml of each peptide with M. [yso-
deikticus as substrate (Shinka et al., 1967). None of
the peptides showed lytic activity under the present
conditions. Therefore, contamination of each of
the peptides with HL was less than 0.01%. In the
case of P,, the peptide was subjected to gel filtration
on Bio-Gel P-10 (2150 cm) in 10% (v/v) acetic
acid and the fraction corresponding to intact HL was
concentrated and its lytic activity was measured.
Again it was estimated that the degree of contamina-
tion of P, by intact HL was less than 0.01%.

The amino acid sequences and minimal molecular
weights of the various peptides of HL used in the
present experiments are listed in Table 1.

3. Immunization

Non inbred guinea pigs, weighing 300 to 500 g,
were used for immunization. One hundred ug of
chromatographically puridied HL in complete
Freund’s adjuvant were injected into all four foot
pads. Highly purified Py; or Pypy (100 ug each) in
complete Freund’s adjuvant was injected into guinea
pigs by the same route. 'The animals were kept un-
der similar conditions to those described in the pre-
ceeding paper (Miyagawa et al., 1975).

4.  Passive hemagglutination

HL was coupled to sheep erythrocytes by glutaral-
dehyde. The preparation of HL coupled erythro-

Mivacawa, N. et al. Lysozyme in delayed hypersensitivity. 11 231



cytes, HL-erythrocytes, was described in detail by
Komatsu et al. (1975). The titer was given as the
log, of the end dilution of serum giving definitive
positive agglutination. Using the present method
of hemagglutination approximately 50 ng of preci-
pitable antibody could be detected per ml of hyper-
immune guinea pig anti-HL antiserum.

5. Macrophage migration inhibition

The method used was essentially the same as that
reported by David et al. (1964). Guinea pigs im-
munized with each antigen were injected intraperi-
toneally with 30 ml of sterilized liquid paraffin 4 to
5 days before sacrifice. On the day of sacrifice,
guinea pigs were exsanguinated by cardiac puncture
and peritoneal exudate cells (PEC) were collected as
described previously (Miyagawa et al., 1975). The
sera were titrated by passive hemagglutination to
detect circulating antibody to HL.

Triplicate capillaries containing known concentra-
tions of particular antigen were prepared using PEC.
The mean migration area under each condition was
calculated from results in at least 3 capillaries under
identical conditions. The migration index (%), that

is
the mean migration area in the
presence of antigen

the mean migration area in the
absence of antigen

% 100,

was used in some cases and the weights of cut paper
were used in some cases as described in the preced-
ing paper (Miyagawa et al., 1975).

Dunnett’s multiple comparison tests (1964) were
performed using the weights of cut paper for statisti-
cal comparison of the values under each condition.

6. Antigen-agarose plate

To test the specificity of lymphocytes, a kind of
immunoadsorbent was prepared using agarose and
cyanogen bromide (Axen et al., 1967).

One hundred ml of 1%, agarose solution in deioniz-
ed water were poured into a glass petri dish of 21 cm
diameter. One hundred ml of cyanogen bromide
solution (50 mg per ml) were layered on the top of
the agarose plate. The pH was maintained at 11 2
0.5 for 8 min by addition of 1 8 NaOH while the
agarose plate was shaken by hand. The agarose
plate was thoroughly washed 3 times with 300 ml

TABLE 2. MMI of PEC from guinea pigs immunized

Mean migration indices (%) at the indicated

Animal

number HL ng/ml Py; ng/ml
10 102 108 104 10 107 103 104 10°
50 80.8 50.0 36.5 38.5 82.7 60.8 55.8 50.0
@D (I1D) (IIT) (I1D) 08 (11D (11D
52 78.9 71.0 65.8 44.7 85.8 65.8 50.0
11y (I1D) (I1D) (11D (08} (I1D) (11D
54 79.2 70.8 68.8 95.0 72.1 66.7 43.8
(ID) (I1D) (II1) m 11Dy (11D (1ID)
55 65.0 63.0 52.8 4.7 91.9 83.7 69.1 52.8
(11D (I1D) (I11) (I11D) [¢9)] (08} (I1D) (IID)
58 77.8 63.0 44 .4 33.3 88.9 66.7 53.7 48.1
[¢9)] (11D (I1D) (I1I) €] (I1I) (11D (I11)
60 70.4 61.1 57.4 63.0 85.2 77.8 66.7 55.6
(I1D) (I1D) (I11) (11D) [¢9)] (ID) (I1T) (I1D)
65 82.1 64.1 33.3 23.1 82.1 50.0 38.5
(48} (1) (I11) (I11) [¢)) (I1D) (I11)
66 90.0 67.5 45.0 35.0 85.0 51.5 41.3 37.5
[¢8)] (I1I) (I1I1) (I1D) [¢9)] (111) (I11) (I11)

@ The concentration of antigen is given as ng of antigen per ml of culture medium for MMI.
® Dunnett’s multiple comparison test (1955 and 1964) was performed using the migration areas in arbitrary
different from that of the control. The symbols used are as follows; I: P>0.05, II: 0.05>P>0.01, III:
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volumes of chilled 0.1 M NaHCO, solution. One
hundred ml of HL solution or pancreatic ribonuc-
lease (RNase) solution containing 10 mg per ml of
of 0.1 m NaHCO, were added in a cold room. The
plates were shaken gently overnight in a cold room
and then thoroughly washed with 0.1 M NaHCO,
and 1 ~ acetic acid. 'The plates were then washed
five times with 300 m] volumes of distilled water and
finally with Hanks’ solution until the pH of the wash-
ing fluid was neutral. On this way approximately
200 mg of HL or ribonuclease were coupled to one
agarose plate.

The PEC taken from 2 guinea pigs immunized
with HL were pooled and first incubated at 37 C in
a glass petri dish in medium 199 containing 209,
foetal calf serum: to adsorb macrophages. The
macrophages were roughly removed by adhesion to
glass and half the lymphocyte rich fraction of PEC
was poured into the HL-agarose plate at 4 C. The
immunoplate was incubated at 4 C for 1 hr with
occasional shaking by hand. The unbound fraction
of lymphocytes were recovered by decantation
and washing the plate several times with Hanks’
solution and the cells were collected by centrifuga-

with HL by Py; and its derivative peptides

tion.

To elute bound cells, 100 ml of HL solution (1 mg/
ml) in Hanks’ solution were poured into the agarose
plate at 4 C and the plate was shaken gently at 4 C
for 1 hr. The eluted lymphocytes were collected
by centrifugation and washed 3 times with Hanks’
As a control, the other half of the lym-
phocyte rich fraction of PEC was treated on an ribo-
nuclease-agarose plate in exactly the same way as
that of the HL-agarose plate.

Cell fractions obtained from immuno-plates were
mixed with an equal packed volume of normal PEC
and their MMI was measured.

solution.

7. Skin reaction

Albino guinea pigs were shaved and injected intra-
dermally into the flank with 0.05ml of antigen in
saline solution. Skin reactions were read at 4 hr
for immediate-type reactions and at 24 hr for de-
layed-type hypersensitivity reactions.

The diameters of the reaction areas were measured
along the long and short axes and the mean of the
two values was used as a measure of the skin reac-
tion.

concentrations® of various antigens

P,7; ng/ml Py;; ng/ml Py ng/ml

102 103 10* 10° 10? 10° 104 108 10? 108 10¢ 108
88.5 69.2 53.8 78.8 76.2 62.7 65.4 80.0 80.0 92.3 88.5

O (I1T) (111) €9] (1D aun - I €9] €9] €9] 9]
84.2 76.3 50.0 92.1 78.9 73.7 100 86.8 92.1

@ Iy - (I O ammy - (11 oy (D (D
91.7 78.3 66.7 47.9 106 108 93.8 83.3 87.5 87.5 95.8

€] an ammy - (I @ @ @ @ o (N Y]
89.4 85.4 69.1 69.1 93.5 93.5 93.5 85.4 89.4 83.7 89.4 93.5
) @ amm - {11 @ @ @ O Y] o @ @O
85.2 63.0 44 4 85.2 77.8 77.8 85.2 81.5 92.6
] an - 3dIm @ an n @ @ 0]
81.5 53.7 59.3 85.2 70.4 77.8 77.8 88.9 81.5 92.6 81.5

] am - dm @ (11D) 1D n @ o o @
82.1 66.7 55.4 92.3 94.9 84.6 92.3 76.9 94.9

) an (11 o o M @ oy O
100 87.5 67.5 60.0 105 103 97.5 103 110 100 100 90.0

() @ an  JIIm @ ] o O I @ oy )]

units and the symbols in parentheses are the probabilities that the migration areas with antigens are not

P<0.01
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RESULTS

1. MMI assays on P,, and its derivative pep-
tides with PEC from guinea pigs immunized with
HL

Only a few PEC can be obtained from a single
animal, so the MMI activities of various de-
rivatives of P;, were tested in two groups of
guinea pigs which had both been immunized
with HL. The first group of animals were
tested with HL, P,; Pis, Pi7; and Piyy by
measuring MMI at various concentrations of
antigens. Representative results of these ex-
periments are listed in Table 2.

The second group of animals were tested
with HL, P;; and the N-terminal peptide of
Py; (Pizx). The results are shown in Table 3.

The ranges of the molar ratios of HL. and
derivative peptides of P, to that of P;, induc-
ing 309 MMI were calculated from the data
in Tables 2 and 3 and are listed in Tables 4

and 5, respectively.

Tables 2 and 3 show that the sensitivities of
individual guinea pigs to various antigens dif-
fered. Nevertheless, P;;y and Py always
showed significant of MMI activities and the
molar ratios of the two peptides to that of Py,
inducing 309% MMI were very similar. The
MMI activities of Pyy; and Py, were far weak-
er than those of Pyy and Pz, Py in par-
ticular being almost completely inactive, and
showing no MMI activity, even at a concen-
tration of 100 gg per ml. Only one animal
(#50) of the 8 animals tested showed definite
MMI activity against Py, although the reac-
tivities to Py7; in the other animals shown in
Table 2 tended to reach a statistically signi-
ficant level. Although the MMI activity of
P, was definitely weaker than those of Piyy,
Py7; and Py, but Pyy; still can be a second anti-
genic determinant of Py, in a certain individual
guinea pigs.

TasLE 3. MMI by Pi; and Py of PEC from guinea pigs tmmunized with HL

Mean migration indices (%) at the indicated concentrations® of various antigens

Animal

Aumber HL ng/ml P;; ng/ml Pix ng/ml

10 102 10° 10* 10 108 104 10 102 108 104

82 83.3 75.0 79.2 66.7 104 83.3 83.3 66.7 87.5 75.0 70.8 62.5
GO LN () @ 1D @ IO an @ @ an  dm

86 83.9 64.5 59.0 51.6 96.8 90.3 87.0 67.7 96.8 90.3 80.6 59.0
I dn Jdm  Jdm @ O ] @ O an

87 76.1 52.2 43.5 37.0 84.8 80.4 63.0 109 73.9  65.2
aIy Jdmmy Jdm  Jm (08 (I11D) m an  Jmn

88 76.5 55.9 36.8 38.2 91.2 94.1 67.6 50.0 100 94.1 64.7 58.8
¢)) am JIm (I D amy (¢)) m IImy  J1n

89 72.2  64.2 56.1 42.8 74.9  56.1 56.1 48.1 72.2 58.8 56.1 46.8
am  Jn  Jdm o Jm amm Jmm  Jdimm o Jan ny  Jdnm  J@n o ((J1Im

93 100 93.5 73.9 63.0 115 76.1 58.7 104 84.8 71.7 67.4
ey @ o (I11) @ IO J@m @ 4] am  an

95 78.6 60.7 60.7 57.1 89.3 100 64.3  60.7 85.7 71.4 68.3 60.3
m Iy @n  Jm (€8} n - Jdm m (ID) an  Jm

96 75.9 69.3 59.4 52.8 89.0 82.5 49.5 52.8 89.1 79.2 59.4 56.1
In my  JIm  JIm €8] am (1 @ (ID I

@ The concentration of antigen is given as ng of antigen per ml of culture medium for MMI.

® Dunnett’s multiple comparison test (1955 and 1964) was performed using the migration areas in arbitrary
units and the symbols in parentheses are the probabilities that the migration areas with antigens are not
different from that of the control. The symbols used are as follows; I: P>0.05, 1I: 0.05 <P<0.01, III:

P<0.01
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TaBLe 4. Molar ratios of HL and derivative peptides of Pi; to Py inducing 30% MMI in

PEC guinea pigs immunized with HL

Animal Range of molar ratios inducing 30% MMI®

number HL/Py, ) PunfPyr Prom/Pir
50 0.028 -2.8 1.9 -190 2.3-230 >2,800°
52 0.0028-0.28 1.9 -190 > 23 > 28
54 0.028 -2.8 0.19-19 > 23 > 28
55 <0.00028 0.19-19 > 23 > 28
58 0.028 -2.8 1.9 -190 >2,300 >2,800
60 0.028 -0.28 1.9 -190 >2,300 >2,800
65 0.0028-0.28 0.19-19 > 230 > 280
66 0.0028-0.28 1.9 -190 > 230 > 280

@ Molar ratios were calculated from the results in Table 2.
® Where the symbol > or < is used more than 309% MMI could not be attained within the antigen con-

centration range used,

Since Piq  (1-[Cys-6]-Homoser-12, 123-

Cys-127]-129) constitutes the terminal half
. i

of Py, the results indicate that the terminal
half of P,; may be a dominant antigenic deter-
minant in P,, with respect to delayed hyper-
sensitivity. On the basis of this result, the
specificity of P;; in delayed hypersensitivity
cannot be differentiated from that of circulat-
ing antibody (Ha et al, 1975).

TaBLE 5. Molar ratios of HL and Py to
Py, inducing 30% MMI in PEC of guinea
pigs immunized with HL

Range of molar ratios inducing

Animal 309% MMI*
number
HL/P, Puin/Pi
82 0.028 -2.8 0.13-13
86 0.00028-0.028 0.13-13
87 0.00028-0.028 0.13-13
88 0.0028 -0.28 0.13-13
89 0.028 -2.8 0.13-13
93 0.028 -2.8 0.13-13
95 0.0028 -0.28 0.13-13
96 0.0028 -0.28 0.13-13

@ Molar ratios were calculated from the results in
Table 3.

On the other hand, P75, which originated
from the N-terminal portion of P,;, had com-
parable MMI activity to that of P;;. This
strongly suggests that the single disulphide
bond in P;; was not important for its MMI
activity. It was reported previously (Ha et
al., 1975) that when the single disulphide bond
in Py, was reduced and alkylated, the binding
activity of P, to guinea pig circulating anti-
body was completely abolished. Therefore,
these results suggest that the determinant
responsible for antibody specificity contained
the disulphide bond or that splitting of the
disulphide bond induced a conformational
change necessary for the antibody binding
activity. On the other hand the determinant
responsible for delayed hypersensitivity must
be located in another portion from that of cir-
culating antibody or the structure of the deter-
minant must be very insensitive to the con-
formational change induced by reduction of
the disulphide bond in Py;.

The MMI of Pyqc, derived from the C-ter-
minal portion of Py, was also tested using 103
to 108 ng per ml of Py, with PEC from 4
guinea pigs immunized with HL 3 weeks pre-
viously. Results were negative in all the
animals and hence the data are omitted from
Tables 2 and 3.

Mivacawa, N. et al. Lysozyme in delayed hypersensitivity. 11 235



As a control the MMI activities of the vari-
ous antigen tested were also measured using
PEC from normal guinea pigs and various con-
centrations of the antigens. The results are
shown in Table 6. None of the antigens
showed any significant MMI activity.

2. Test of the specicity of Py,-reactive cell
populations using HL-immunoadsorbent

It has been postulated that the cell popula-
tions responsible for delayed hypersensitivity
may be sensitized to degradation products of

the antigen (Parish, 1971; Parish and Ichiki,
1971). 'Therefore, experiments were made to
see whether any cell population responding to
the MMI activity of P,, remained after treat-
ment with the immunoadsorbent of unde-
grated antigen.

The PEC from 2 guinea pigs immunized with
HL were pooled and treated on an HL-agarose
plate. The experimental procedure used is
summarized in Fig. 1.

Three populations of cells were mixed with
PEC from normal guinea pigs and their suscep-

TaABLE 6. MMI of PEC from normal guinea pigs by HL and derivative peptide of Py,

Antigen con-

Numbers of animals showing more than 309% MMI at the indicated

centration® concentrations of various antigens®
ng/ml HL Py Pix Pyt P Piim
10 0/11 0/ 8 0/4 0/ 7 0/ 4 0/ 3
102 0/17 121 0/8 1/18 0/13 0/11
108 0/23 0/22 0/8 0/22 0/15 1/15
104 0/23 0/23 0/8 0/23 0/14 1/15
10% 0/21 0/23 0/8 0/23 0/15 0/15

¢ Antigen concentration in culture medium for MMI.

b Triplicate capillaries were prepared for each concentration of each antigen and the migration index was
calculated from the mean migration areas with and without antigen.

PEC from guinea pig immunized with HL

incubated at 37 C for 2 hr in glass
petri dish to remove macrophages

——cells divided in to two portions

Treated on an HL-
agarose plate at 4 C

washed

|
Bound cells Unbound cells

Eluted with
HL (1 mg/ml)
solution at 4 C

|

i
washed

+Normal PEC

for MMI test for MMI test

+Normal PEC

Treated on an RNase-
agarose plate at 4 C

washed

|
Bound cells Unbound cells

Treated with

HL (1 mg/ml)

solutioq at 4 C
I

1‘
!
%

+Normal PEC
for MMI test

i
No cells were
eluted

FiGUuRe 1. Specific adsorption of PEC having macrophage migration inhibition activity.
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tibilities to MMI activity were measured. As
shown in Table 7, after treatment of PEC from
guinea pigs immunized with HL on the HL-
agarose plate, no cell population remained
which responded to HL or P;,. When the
cells were eluted with HL from the HL-agarose
plate, they were sensitive to the MMI activities
of HL or P, at various concentrations. On the
other hand, when cells were treated on an
RNase-agarose plate, no cells which were sus-
ceptible to HL or P, were adsorbed on the
plate but the unbound cells manifested strong
susceptibility to the MMI activities of HL and
P;;. These results indicate that all the cell
population which is susceptible to P, also
seems to have the ability to bind to HL.

3. MMI studies with PEC from guinea pigs
immunized with P,

To test the immunogenicity of P,;, guinea
pigs were immunized with 100 xg of Py, in
complete Freund’s adjuvant and then MMI
was tested with HL and the peptide derivatives
of Py,.

Preliminary experiments were performed to
" see the suitable times for testing MMI activi-
ties by various peptide derivative of Py;. The
results indicated that at least 4 weeks were
necessary to attain a certain level of sensitiza-

tion to Py, for delayed hypersensitivity. Table
8 shows results on the MMI activities of HL,
Py; and its derivative peptides with PEC from
guinea pigs immunized with P, 4 weeks pre-
viously.

The ranges of the molar ratios of HL and
Py, derivative peptides to Py, inducing 30%,
MMI were calculated from the results in Table
8 and are listed in Table 9. Tables 8 and 9,
show that the MMI responses of individual
animals are more divergent than those of PEC
taken from guinea pigs immunized with HL.
The MMI of Py, at concentrations of 103 to
10% ng per ml of cultured medium, was tested
on PEC from 9 guinea pigs, but none of the
samples showed more than 309, migration in-
hibition. On the other hand, the suscepti-
bilities of these cells in the MMI tests to P,
and Py were much higher than that to Py
and Py7,. In this respect, the MMI reac-
tivities of PEC from guinea pigs immunized
with P, were similar to those of PEC from
guinea pigs immunized with HL.

Pi¢, which was derived from the C-terminal
portion of P,,, was also tested at concentrations
of 108 to 105 ng per ml of culture medium with
PEC from 7 guinea pigs immunized in the
same way as in the previous experiment. None
of the samples showed more than 309, MMI

TABLE 7. MMI activities of cell populations treated with various immunoadsorbents

Mean migration indices (%) at the indicted concentrations® of two antigens

Species, of HL (ng/mi) P, (ng/ml)

10 10? 103 104 10° 10 102 108 104 10°

HL-bound 75.0 70.3 57.8 53.1 54.7 87.5 76.6 54.7 45.3 35.9
(IIne (11D (I1I) (11D (I11) [€))] (11D (I1I) (11D (1I1T)

HL-unbound 111 107 88.9 96.3 100 111 107 85.2 94.4 77.8
o o O OH o GO T ¢ N R U ¢

RNase unbound 95.2 95.2 57.1 38.1 38.1 85.7 71.4 38.1 38.1 28.6
10 (M an I (I 1§)) M am  Qm (I

@ The concentration of antigen is given as ng of antigen per ml of culture medium for MML

® See text for details of the cell preparations.

¢ Dunnett’s multiple comparison test (1955 and 1964) was performed using the migration areas in arbitrary
units and the symbols in parentheses are the probabilities that the migration areas with antigens are not
different from that of the control. The symbols used were as follows; I: P>0.05, II: 0.05>P>0.01, III:

P<0.01
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TABLE 8. MMI of PEC from guinea pigs

Mean migration indices (%) at the indicated

r‘;\;;rgilr HL ng/ml Py; ng/ml Pix
102 104 108 10 10% 102 104 10° 10 102
201 90.7 81.5 51.9 77.8 48.1 51.9 74.1
IDH? 0)) am an (II1) 1Ty (IID)
203 75.0 50.0 50.0 93.8 68.8 62.5 37.5 81.3 50.0
¢y (@88 111y ¢)) (ID) (I11) (II1) I (I11)
204 86.7 73.3 53.3 86.7 63.3 56.7
¢)) an (III) @ n [€80))]
205 107 85.2 66.7 104 100 96.3 66.7 48.1 98.5
ey D (1D €y, ey o) (In (I1I) oy
207 77.8 77.8 63.0 96.3 77.8 50.0 40.7 33.9
o (111) (II1) ¢)) (11I) (11D) (I11) @O
208 838.1 85.7 83.3 110 98.1 31.0 73.8 61.9 114 110
@ @ @ @ @ @ D (11D ey, (I
209 70.6 55.9 50.0 79.4 73.5 61.8 47.1 61.8 85.3 73.5
iy (D) (1D an D I Jm o I m (111)
210 91.2 100 82.4 94.1 82.4 70.6 52.9 64.7 106 32.4
@ 0y €y @ @ (I1) I - A @ @

@ The concentration of antigen is given as ng of antigen per ml of culture medium for MMI.

b Dunnett’s multiple comparison test (1955 and 1964)
different from that of the control.

TABLE 9.
pigs immunized with Py, 4 weeks previously

was performed using the migration areas in arbitrary

The symbols used are as follows; I: P>0.05, II: 0.05>P>0.01, IIL:

Molar ratios of HL and Py; derivatives to Py; inducing 30% MMI 1n PEC of guinea

Range of molar ratios inducing 309% MMI*

Animal
number HL/P,, Pirx/Pir Pi7e/Pis Pyai/Py7
201 2.8 -280 0.13- 13 19 -1,900 >230
203 2.8 -280 0.13- 13 0.19 - 19 2.3-2,300
204 2.8 -280 1.3 130 1.9 - 190 >230
205 0.28- 28 1.3 -130 1.9 - 190 > 23
207 0.28- 28 0.13- 13 1.9 - 190 > 23
208 >0.28 >1.3 0.019- 1.9 > 2.3
209 0.28- 28 1.3 -130 0.19 - 19 2.3- 230
210 >2.8 0.13- 13 >19 > 23
@ Molar ratios were calculated from the results of Table 8.
at any concentration of Py tested, and hence Table 6). In addition, with the PEC of some

the data are omitted from Tables 8 and 9.
Although a high proportion of guinea pigs
immunized with P;, responded to HL, the
PEC of some guinea pigs completely lacked
susceptibility to the MMI activity to HL even
though they responded to P,; (e.g. #210 in
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guinea pigs the concentration of HL needed
to induce 309, MMI was higher than the cor-
responding concentration of P,.
Results using PEC from guinea pigs 6 weeks
after immunization were essentially similar.
Next experiments were performed to con-



immunized with Py; 4 weeks previously

concentrations® of various antigens

ng/ml Py7, ng/ml P,z ng/ml

102 104 10° 10 102 103 104 108 10° 10¢ 105
59.3 55.6 51.9 75.9 72.2 55.6 88.9 70.4 70.4
(I11) (11I) (III) (ID) (I1I) (I1I) I (I1I) (I11)
56.3 46.9 34 .4 81.3 62.5 62.5 50.0 37.5 106 68.8 50.0
(I11) (11I) (11I) 0 (I1I) (11I) (I1I) (I1I) I (ID) (11I)
93.3 63.3 66.7 80.0 66.7 60.0 86.7 86.7 83.8

@ am - 1 @ ) (1) @ @ @
110 77.8 66.7 104 88.9 81.5 64.8 111 107 92.6

@ @ an ey @ @ an o @ @
74.1 64.8 59.3 92.6 88.9 74.1 44 .4 92.6 77.8
(11I) (I1I) (11I) I €] (I1I) (1II) (€)) (I1I)
100 88.1 90.5 92.9 95.2 66.7 61.9 110 114 60.3
@ @ @ @ @ 1089) 1) o @ (111
70.6 52.9 45.6 75.3 66.5 61.8 35.3 70.6 66.5 67.6
(11I) (111) (11I1) (I1I) (1II) (1) (III) (I1I) [80))] (I1I)
88.2 64.7 64.7 79.4 85.3 76.5 76.5 100 91.2 76.5

9] ammy I @ D @ @ ey) o @

units and the symbols in parentheses are the probabilities that the migration areas with antigens are not

P<0.01

TasLe 10. Effect of contamination peptide preparations with intact HL in inducing MMI reac-

tions and circulating antibodies against HL

Antigens for im-

MMI by HL

Circulating antibody to HL

munization Mean MI+SE® No. of Mean No. of
(%) responder? titer = SE¢ responder?
HL (10 ng) 91.7x17.1 0/6 <2 0/6
HL (10% ng) 86.8+£12.2 0/6 <2 0/6
HIL (10° ng) 69.6+15.9 3/6 7.2+2.9 6/6
HL (10° ng)+P,; (10; ng) 71.3+10.7 4/6 8.8+0.8 6/6
HL (10® ng)+Py;x (10° ng) 69.5+15.6 1/2 8.0+1.4 22

B

errors of the mean migration indices for each animals under each condition were calculated.

o o

~

firm that the observed cross reactivity of the
peptides was not due to contamination of the
peptides preparations with undegraded antigen.

All the peptide preparations used were tested

Mivacawa, N. et al. Lysozyme in delayed hypersensitivity. IT

Number of animals of which PEC showed more than 309% MMIL
log, and standard error of the end dilution of serum which gave positive hemagglutination.

Number of animals in which sera showed positive hemagglutination at more than two fold dilution of
serum.

Triplicate capillaries in three separate chambers containing 10° ng per ml of HL were prepared from

each animal immunized 4 weeks previously with the various antigens. The mean values and standard

at high concentration (5 mg/ml) but no en-
zymic activity could be detected. Therefore,
the degree of contamination of the peptide pre-
parations with HL seemed to be less than
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0.01%,. Further tests were made to deter-
mine the lowest limits of HL required to sensi-
tize guinea pigs with respect of MMI activity
and to induce anti-HL antibody. Tests were
also made on the effect of peptide on the im-
munizing ability of a sub-optimal doses of HL.
The results are shown in Table 10.

‘When the amount of HL was less than 10%ng,
no appreciable susceptibility of PEC to MMI
nor any circulating antibody could be detected.
On the other hand, when 102 ng of HL were
used for immunization, some animals were
sensitized against HL with respect of MMI
activity and all animals showed a positive level
of circulating antibody. The co-existence of
peptides with intact HL did not seem to in-
fluence the appearance of susceptibility to the
MMI of HL or the production of anti~-HL anti-
body. Therefore, contamination of peptide
preparations with less than 0.19%, HL, was un-
likely to induce susceptibility to MMI activity
in PEC of guinea pigs immunized with 100 xg

peptide preparations with HL were 19, cir-
culating antibody should consistently be de-
tected by passive hemagglutination. However
in fact, when the sera from 8 guinea pigs 4 weeks
after immunization with 100 xg of Py, and the
sera from 11 guinea pigs 6 weeks after im-
munization with 100 g of Py, were titrated
by passive hemagglutination with HL-erythro-
cytes. Their hemagglutination titers (log,)
were all lessthan 2. Therefore, it is very much
unlikely that the reactivities of PEC taken from
guinea pigs 4 or 6 weeks after immunization
with Py, are due to contamination of the Py,
preparation with undegraded HL.

4. MMI studies using PEC from guinea pigs
immunized with Py

Piox shows significant MMI activity on
PEC from guinea pigs immunized with either
HL or P;,. Therefore, we next tested the im-
munogenicity of Pizx, which is derived from
the N-terminal portion of P;,. Guinea pigs

of peptide. If the level of contamination of were immunized with 100 g of Pi7y in com-
TaBLE 11. MMI of PEC from guinea pigs immunized with Py
Mean migration indices (%) at the indicated
ri\\?r;nl;zi HL ng/ml P;; ng/ml
102 108 10¢ 10° 10 107 103 104 108
213 92.3  79.2  83.1 90.8  80.8  48.1
e Imn M €Y (In (1
215 100 64.3  64.3  67.9 85.7 643 643 643  25.0
@ (I11) (I1D) (11D) e9) (11my (IID) 11D (11y)
216 75.7 73.0 78.4 86.5 83.8 56.8 59.5 59.5
6y In D ey ey (I1D) 0819) (11T)
221 104 109 80.1 100 97.3 102 74.3 38.5
€9 ¢)) D (D €9 D an (11D
222 73.8 66.7 57.1 78.6 64.3 59.5 59.5
(I1D) (I1I) 11 (n (III) (I1D) (11)
224 90.9 100 86.4 72.7 86.4 72.7 63.6 36.4
D @M (D D D ¢9) (In (11D
225 100 100 85.2 81.5 91.1 70.4 57.4 50.0
4y D ¢)) 4y D (1D (11D (11D
228 72.1 84.1 55.3 84.1 81.7 86.5 48.1 48.1
(11D ¢9) (1D ey D @M (11D (IID)

¢ The concentration of antigen is given as ng of antigen per ml of culture medium for MMI
® Dunnett’s multiple comparison test (1955 and 1964) was performed using the migration areas in arbitrary
different from that of the control. The symbols used are as follows; I: P>0.05, II: 0.05>P>0.01, III:
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plete Freund’s adjuvant and PEC was taken
6 weeks after immunization. The results are
shown in Tables 11 and 12.

The responses of individual guinea pigs to
Pix varied more than the responses to HL, but
in general the MMI responses to HL tended
to be weaker, whereas responses to Pyy; in-
creased.

Pi7m, derived from the middle portion of
P,,, was also tested at a concentration of 10% ng
per ml on 11 guinea pigs immunized with
Pizx 6 weeks previously. None of them
showed any reaction with Py;,, and hence the
data are omitted from Tables 11 and 12.

Pg constitutes a completely different portion
of the HL molecule and it is reported to be
another immunodominant group of HL in de-
layed hypersensitivity (Miyagawa et al., 1975).
Therefore, if there is any cell population of
PEC in animals immunized with P;y which is
sensitized by HL or if a single clone of lym-
phocytes responds exclusively to HL and its
immunodominant split peptides, these cells

should also respond to Pg in MMI test. How-
ever, these possibilities were disproved, by the
finding that the PEC of 8 guinea pigs did not
show more than 309, MMI with Pg, even at
a concentration of 100 zg per ml of antigen.
Therefore, these data are also not listed in
Tables 11 and 12.

Sera from 11 guinea pigs including the ani-
mals listed in Table 11 were also tested for
circulating antibody to HL by passive hemag-
glutination. Again none of them showed a
log, titer of more than 2. Therefore, the ob-
served cross reaction of PEC from guinea pigs
immunized with Py does not seem to be due
to slight contamination of Py;x with intact HL.

5. Comparisons of groups immunized with dif-
ferent antigens

The reactivities to various antigens in groups
of animals immunized with different antigens,
were compared by calculating the mean migra-
tion areas of the groups and results are listed
in Table 13. First, the reactivities to various

(6 weeks previously)y by HL and Py; dertvative peptides

concentrations® of various antigens

Pizx ng/ml Py ng/ml Py ng/ml
10 102 103 104 103 10? 108 104 108 10% 103 104 108
96.2 71.2 61.5 88.5 92.3 75.0 92.3 83.1 86.9
@ a1 I1I) 9] I an @ @ O
92.9 53.6 42.9 46.4 39.3 75.0 64.3 46.4 64.3 50.0 64.3
€] (Irn (I1I) (I1D) (I1I) (111) (I11) (I1I) (I11) (I1n (I11)
81.1 75.7 64.9 64.9 70.3 81.1 56.8 54.1 43.2 97.3 75.7 81.1
€] @ I - (11 I1) @ am  (dm  dm @ @ @
79.6 81.0 80.5 65.9 48.2 91.2 91.2 86.3 61.9 86.7 91.2 86.3
@ @ @ amm - (I 9] @ @ I1I) I @ )
73.8 73.8 52.4 59.5 78.6 71.4 57.1 61.9 95.2 71.4 78.6
(I1I) (I1I) (I1D) (I1I) Im (I1I) (I11) (I1I) I Im (I1)
81.8 63.6 45.5 36.4 95.5 100 81.8 72.7 90.9 90.9 100
o 11 (I11) (I11) )] ) @ @ I @ I
85.2 68.5 63.0 72.2 55.6 96.3 77.8 80.0 74.1 87.4 92.6 66.7
@ (I1m an  am 1) )] n @ 9] @ @ (IIT)
91.3 86.5 81.7 64.9 48.1 96.2 101 91.3 67.3 76.9 67.3 62.5
@ (D 9] (I  JIIm @ ey (D (I11) (IT) (In (I

units and the symbols in parentheses are the probabilities that the migration areas with antigens are not

P <0.01.
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test antigens within a group were compared.
In groups immunized with HL or P,, the MMI
activities of P;,, Pi7x and Py, were similar but
the MMI activity of Py;; was clearly weaker.
However, the MMI activity of Py;; was similar
to those of other peptides using PEC from
animals immunized with Pi;x. Second the
MMI activities of each peptide were com-
pared in groups of guinea pigs, which had been
immunized with HL, P,, and Pysy respectively.
The cells of animals immunized with P,, or
Px in general reacted more to P, itself or
its derivative peptides than to HL, in contrast
to cells of animals immunized with HL. In
the former the increase in reactivity to Py
was especially remarkable. 'These results show

that the immunogenicities of P,, and Pyzx are
clearly different from that of HL. On the
other hand, a fair degree of cross reaction of
PEC from guinea pigs immunized by P,, or
Py with HL was observed.

6. Skin reactions of guinea pigs immunized with
HL or its derivative peptides

First a series of experiments was carried out
on the skin reactions to P,, and its derivative
peptides in guinea pigs immunized wit 100 zg
of HL. Various antigens in 0.05 ml of saline
were injected into animals subcutaneously 3
weeks after immunization. The sites of in-
Jection were observed 4 and 24 hr after the sub-
cutaneous injection and the results are shown

TaBLE 12. Molar ratios of HL and Py, derivatives to Py inducing 30% MMI in PEC of
guinea pigs immunized with P,y 0 weeks previously

Range of molar ratios inducing 309% MMI®

Animal

number HL/P,, Pyox/Pyr Puni/Py; Puni/Pyy
213 50.28 0.13 -~13 >1.9 >2.3
215 0.28-28 0.13 -~13 19-1,900 2.3 =230
216 >28 0.13 -13 0.19- 19 >230
221 >0.28 0.013 -1.3 0.19- 19 >2.3
222 0.28~-28 1.3 -130 1.9 - 190 >230
224 >2.8 0.013 ~1.3 >19 > 23
225 >2.8 0.0013-0.13 >19 2.3 =230
228 0.28-28 0.13 -~13 1.9 - 190 0.23- 23

¢ Molar ratios were calculated from the results of Table 11.
® Where the symbol>is used more than 30% MMI could not be attained within the antigen concentration

used.
TaBLE 14. Skin reactions of guinea pigs 3 weeks
Mean diameters (mm) and standard errors of skin reactions®
Dose of
test HL Py, Pyx
antigen®
4 hr 24 hr 4 hr 24 hr 4 hr 24 hr
0.5 pug 1.8+2.3 6.5+1.4 0¢ 2.4%0.6 0 0
5.0 5.7+4.4 12.0%2.5 0 4.9+1.1 0 0.9+£1.3
50.0 9.84£3.2 22.5+3.9 0 8.7+1.3 0 5.8+1.6

¢ Mean diameters and standard errors were calculated from results on 10 guinea pigs.

® A given amount of antigen in 0.05 ml of saline was injected subacutaneously.
¢ A skin reaction of less than 2 mm diameter was recorded as 0.
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in Table 14.

As can be seen, only HL showed a positive,
immediate type reascion whereas the other pep-
tides did not cause any reaction within 4 hr,
On the other hand, not only HL but also P,
Pi7x and Pyy, gave positive delayed hypersensi-
tivity reactions.

The high reactivity of HL is understandable,
because it must contain more determinants than
the peptides. The reactivity of Pz was rather

similar to that of P,,, but the reactivity of Py
was less.

Six normal guinea pigs were tested with HL
and the derivative peptides of Py, in the same
way as animals immunized with HL, but the
diameters of the reaction sites after injections
of the various antigens were in all cases less
than 2 mm.

A second group of guinea pigs was immuniz-
ed with 100 zg of P,, in complete Freund’s

TaBLE 13. Difference between MMI activities of wvarious antigens within groups of animals im-

munized with HL, P; and Py

Immunized Mean migration areas#SE® in the presence of various antigens
ith

wit P, HL Pirx Pir Pin

HL 9.97+3.19 8.41+£3.56 11.4+£3.38 15.3+4.07
@ @ ant

HL 9.41+3.64 7.69+3.08 9.30+3.97
@ @

Py 6.28+1.98 (I1)*  8.38x2.69 (I)° 7.38+£2.28 (I)* 7.97+£2.51 (I)° 9.94£2.96 (II)°
@ @ o Iy

Pyx 6.43+2.16 (I[)*  8.23+2.77 (I)° 6.31+£2.41 (I)° 8.09+3.34 (I)° 8.17+£2.66 (I1I)¢
9% @ {@e @

The means and standard errors were calculated from the mean migration areas (weights of cut paper) of

8§ animals at antigen concentrations of 10* ng per ml. The values used for calculation were taken from

the results in Tables 2, 3, 8 and 11.

The multiple comparison test (Dunnett, 1955 and 1964) was performed taking the response by Py; as a

control, the symbols in parentheses are the probabilities that the migration areas with various antigens
are not different from that with P;;. The symbols used are as follows; I: P>0.05, II: 0.05>P>0.01,

IIT: P<0.01.

The multiple comparison test was performed taking the response of animals immunized with HL as a

control. The symbols in parentheses are the probabilities that the migration areas of PEC from animals
immunized with the various antigens are not different from that of animals immunized with HL. The

symbols used are the same as in b.

after immunization with 100 pg of HL

with various antigens at the indicated times after injections

| P Pirm
4 hr 24 hr 4 hr 24 hr 4 hr 24 hr
0 0 0 0 0 0
1.6+1.7 0 0 0 0
0 4.54+1.9 0 1.3+£1.0 0 0
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adjuvant and the results of skin reactions are
listed in Table 15.

Again, Py;, Piyy and Py, showed definitely
positive delayed hypersensitivity reactions.
The reactivity of Py;, was rather similar to that
of P, whereas the reactivity of Pyy is weaker.
In addition; HL showed a fair degree of cross
reaction,

Pg, which is derived from a different portion
of the HL. molecule from P,,, gave no reaction.
This fact is also evidence that the observed
skin reactions are not due to contamination of
the peptide preparations used for immuniza-
tion with intact HL, and that different clones
of lymphocytes respond to respective im-
munodominant groups. None of the antigens
injected except HL gave any skin reaction
within 4 hr after their subcutaneous injections.

A third group of guinea pigs was immunized
with 100 pg of Pi;x in complete Freund’s ad-
juvant and skin reactions were measured 6
weeks later. 'The results are shown in Table

16. The same peptides as in the previous
experiment gave a positive delayed hypersensi-
tivity reactions. The reactivity of Py was
similar to that of P,, whereas that of P,;, was
weaker. HL gave a positive delayed hyper-
sensitivity reaction, but the reactions of in-
dividual animals to HL varied greatly. Two
guinea pigs gave strong positive reactions to
P12y but scarcely any reaction to HL, whereas in
8 guinea pigs the reactivities to the two anti-
gens were similar. Again Py, Pi7y and P,
gave no reaction.

DISCUSSION

The antigenic determinants for circulating
antibody are often different from those for
cellular immunity or for delayed hypersensi-
tivity. An example of a natural antigen which
showed these characters is bovine glucagon as
reported by Senyk et al. (1971a, b).

In the present study, the terminal half of

TaBLE 15. Skin reactions of guinea pigs 4 weeks after immunization by 100 ug of Py,

Mean diameters (mm) and standard errors of skin reactions® by various

D(t):set of antigens at 24 hr after injection

ioen?
antigen HL Py Puox Pir Py Pim Py
0.5 ug 1.2+1.1 1.8+£1.7 0.3+0.7 0.3+0.7 0° 0 0
5.0 2.9+1.7 5.3+1.6 0.8+1.3 3.1£1.8 0 0 0
50.0 6.94+2.4 8.9+1.5 4.5+1.2 6.1£1.4 1.0x£1.2 0.6+0.9 0

% Seven guinea pigs were used.
» The amounts of antigen indicated in 0.05 ml of saline were injected intracutaneously.
¢ Skin reactions of less than 2mm diameter were recorded as 0.

TaBLE 16. Skin reactions of guinea pigs 6 weeks after immunization with 700 78 of Piay

Mean diameters (mm) and standard errors of skin® reactions by various

D?Z:t of antigens at 24 hr after injection

ioen®
antigen HL Py Pirx 1 Py Pim Py
0.5 pg 1.2£1.3 0.6+0.9 0.4+0.8 0.5+£1.0 0¢ 0 0
5.0 2.1+1.7 2.5+1.9 1.8£1.5 1.2+1.3 0.6+0.9 0 0
50.0 3.8+3.1 6.8+1.8 6.4+£2.0 3.6+2.1 1.1+1.3 0 0

% Ten guinea pigs were used.
¢ The indicated amounts of antigen in 0.05 ml of saline were injected intracutaneously.
¢ Skin reactions of less than 2 mm diameter were recorded as 0.
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P,, (Pin; sequence 1-[Cys.6]-Homoser-12,
123-[Cys-127]-129) was reactive with both

circulating antibody to HL and with cells
sensitized with HL in delayed hypersensitivity.
But when P,, was reduced and alkylated, the
resultant N-terminal peptide (Pi7y) had lost
its reactivity to circulating antibody to HL
(Ha et al., 1975) but still retained its ability to
induce delayed hypersensitivity in cells sensi-
tized with HL. These results indicate that
the sequence 1-[Cys—6]-12 of HL is the im-
munodominant group in delayed hypersensi-
tivity.

On the other hand, when the peptides were
used as immunogen, cells sensitized to these
peptides still retained a fair degree of cross reac-
tivity with undegraded antigen (HL). A prob-
lem in this kind of experiment is to ensure that
very slight contamination of the peptide pre-
paration with undegraded antigen did not in-
duce delayed hypersensitivity, because the re-
action has extraordinarly high sensitivity.
Therefore, contamination of the peptide pre-
parations with HL was especially carefully
checked, and this possibility was ruled out.
On the other hand, Komatsu et al. (1975) re-
ported that when rabbits are immunized with
P,, they produce antibody which reacts with
P,, but which shows almost no cross reactivity
with HL. In this respect, the specificity of
the delayed hypersensitivity seems to be dif-
ferent from that of the circulating antibody.

When peptides were used as immunogens to
induce delayed hypersensitivity the maximal
reactive state seemed to be reached at a dif-
ferent time from that using HL. Therefore,
the times of maximal reactivity with the dif-
ferent peptide antigens were determined in
preliminary experiments and delayed hyper-
sensitivity reactions were measured at the time
of maximal reactivity.

As described in the introduction of this
paper, results using the hapten-carrier system
indicate that the specificity of delayed hyper-
sensitivity is in general more strict than that of
circulating antibody. Thus it seems unlikely

that reduced and alkylated P, retains the
ability to induce delayed hypersensitivity in
animals sensitized with HL. But it seems
possible that as in the case of the p-azoben-
zenearsanilate system a relatively small portion
of immunizing antigen can act as a determinant
for delayed hypersensitivity and the antigenic
determinant responsible for delayed hyper-
sensitivity found in peptide may be similar to
that of the p-azobenzenearsanilate system
(Leskowitz, 1963 and 1971).

It was not possible to measure the reactivity
to HL of cell populations which only reacted
to the P, determinant involved in HL-sensi-
tized cells. Thus it is possible that among the
cells sensitized to HL some cells only reacted
with the conformational determinant of HL.

Actually the reactivities of cells which had
been sensitized to intact HL, P,, or Ppry dif-
fered somewhat in their susceptibilities to the
MMI activity of P;,. That is, the suscepti-
bilities to P,, of cell populations sensitized with
the peptides were greater than those of cells
sensitized with intact HL. Moreover, the
susceptibility of cells immunized with P, or
Py to the Py portion of Py, was also greater
than that of cells immunized with intact HL.

Although Ichiki and Parish (1971) and Parish
(1971) suggested that degraded antigens might
actually act as determinants in delayed hyper-
sensitivity, there is another possible explana-
tions for the augmented sensitizing ability of
degraded antigens. That is, when the intact
antigen is degraded a suitable sized peptide,
the numbers of determinant groups involved
in the delayed hypersensitivity could be greater
than that on immunization with intact antigens.
Nevertheless our finding that the degraded
peptides can still induce cell populations which
can cross react with the undegraded antigen in
delayed hypersensitivity are completely con-
sistent with that of Ichiki and Parish (1971).

The results of MMI reactions were roughly,
but not completely paralled with those of the
skin reaction. One reason for this may be
that the rate of elimination of antigen from the
injection site in the skin reaction may influence
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to result in addition to the reactivity of the cells
to peptide antigens.

The correlation of MMI with delayed hyper-
sensitivity but not with antibody production
seems to be well established (Bloom and
Benett, 1966; George and Vaughan 1962;
David et al.,, 1964). Delayed hypersensitivity
reactions have generally been assumed to be
mediated by thymus dependent lymphocytes,
but recently David et al. (1975) reported that
the cells responsible for MMI are T-lympho-
cytes and some subpopulation of B-lymphocytes
in humans. However, Yoshida et al. (1973)
reported that B-lymphocytes of guinea pigs
can also produce migration inhibition factor
(MIF) when purified protein derivatives are
used as antigens, but that they do not produce
MIF against protein antigen or hapten-protein
conjugates. In our system, the lymphocytes
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