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    It has widely been accepted among biochemists that the substance whicli is
responsible for the intrace]lular oxidation of p-phenylendiamine, is cytochrorr}e
oxidase• SToTz, SIDwELL and KoGNEss (l938), hewever, liave expressed the view
that the exidation of p-phenylendiamine is due not on]y to cytochrome c and its
exidase, but to cytochTome b, and Oi<vNuKi (i94al) has arrived at a conc]usion
that cytochrome oxidase direct}y oxidazes, net only cytochrome c but p-pheny]en-
diamine also. As a result of speetrographical and histochemieal stuciies, AMANo
(1939) has stated that cytochrome c oxidizes Nadi-reagent.
    In the course of a histochemical study of Liliunz anthers, it has been found
that the sporogenous cells, that oxidize the Nadi-reagent, show characteristic cy-

toc}areme spectra (cf. SiNi<E, Im)vfA and HiRAoi<A, 194,7). The present $tudy
intends to find the relationship between the intracel}ular oxidatien ef t}}e Nadi-

reagent and the presence of cytochromes.

                                 Results

    l) Spectrographical and Cytoehemieal Studies of Living Pollen Grains.
    Part of mature pollen grains collected was suspended in small amount of
water and examined spectrographically with or without Na,S,0,. At the same time,
another part of the materials was tested with Nadi-reagent on a slide glass under

a microscope. The results obtainee are summarized in Table 1.
    In Table l, it is seen that the pollen grains we studied are divided, at least,

into three types in respect to the presenee or absence and the position of the
absorption bands.
    In the first type, the pollen grains give two distinct absorption bands lying
at ca. 565mpt and ca. 55e mpa the latter being far moure di$tinctly observed than
the former in rnost cases. Freguent}y, a band is visible at ca. 605mpt besides
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Table 1

d Tesisuke HIRAOKA

Plant Name

Taxus cuspiaata urnbraculifera

po{iheaTpus macropdyua

Abies firma

KeteZeeria Davidiana var. formosana

pinus densiflora

P. denstflora var.

P. Thunbergit

P. taeda

P. Banlsiana

Sciadopitors verticillata

Cryptomeria J'aponica

Cunningharnia lanceolata

Secale cereate

Zea maors

Traclrycarpus ex"celsa

Lilium longijZorurn

Crinum asiaticunv

Frititlarta Thurnbergii

Narcissus Tazetta var. chinensis

Alstromeria sp.

Iris Pseudacorus

PLatvcarya strobilacea

Paeenia aLbtflora var. hortensts

Paeonia suffruttcesa

,iVupftar japonicum

Podophyllum pleiantham

Magnolia lilidZora
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Magnolia denitdata

Magnolta grandifiora

Ca•metlia iaponica

Rosa multiflora

Althaea rosea

ChaenomeLes Zagenaria

Punica Granatum

Oereothera odorata

Campsts chinensis

Cudrania triloba

Sarracenia sp.
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the twe distinet bands stated above. 'Irhese three bands corresi)oBd to the cha-
racteri$tic absorption bands ef cyteclirome b, c and a, respectively. This fact as
we}1 as the statement of several workers that the cytochremes is contained widely
in the eells of some higher plants support the view that tlte substances which are
respon$ible for these absorption bands found in the preseilt study are cytochromes
(cf. KEmN, l925, 0i<uNvia, 1939, YAi<usmJi, 1935, GopDARD, l944,). Crinutnz,
Pttnica, Podophyllttm, Chaenon}eles and others belong to this type.
    In Podecarpzts and Sciadopitys whieh belong to the secona type there is only

a single bread band lying between ea. 560 mpt and 555mpa TAMIyA and YAMA-
GvcHI<1933)have reported eytochxomes in some bacteria that show characteristic
bands lying at 561 mpa-557 mlto•
    Most gymnospermeus plants we studied, such as, Pinus, Taxus, Cryptomeria,
Cunninghamia belong to the third type. In these plants the pollen grains show
ne sign of characteristic absorptien bands of cytochromes with or without Na2St04•

    The results obtained in the test ef the pollen grains with Nadi-reagent are
given in Tabte 1. In this table, it is seen that the plants in which the cyto-
plasm of the pollen grains oxidizes the Nadi-reagents more or }ess strongly, show
the eharacteristic absorption bands of cytochrome b and c and that those in which
the cytoplasm is not or hardly coloured blue, the absorption bands are hardly
reeognized. It is probable, therefore, that positive Nadi-reaction carries intimate

relation to the presence of cytochreme b and c.
    It must be stated that many small granules which are colored blue with the
Nadi-reagent were observed in the cytoplasm of the pollen grains.

    2) Heat Experiment with Pollen Grains.
    Accerding te KEiLiN (1929), cytochromes a' and b' are destructed while c'
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remains unckaBged even in boi]ing for several minutes. In the present invgsti-
gation, the pollen grains of several plants were testeci as in (i) after a preliminary

heat treatment.
    In this experiment, the pollen grains were heated in a glass vessel at 1000C
fer 15 minutes in a dry or moist state.
    Results obtaind in this experiment are given in Table 2.

                                  '1'able 2

P}ant Name
Nadi-reaction

dry state meist state

Podecarptts macrophylla

Abies ftrme

Keteteeria Davidiana var. formosana

Pinus densi#oTa

P. densiflora var.

P. Thun5ergit

Scia(lopitys oerticillata

Narcissus Tazetta var.

clbinensis

Paeonia suffruticosa

Magnolia lilLYZora

CameZlia iaponiccs

Chaenomeles lagenaria
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    It -is seen in this table, that when the pellen grains are lieated in moist state,

neither positive reaetion color nor the cytochrome spectra are obtained, while the
pollen grains heated in dry state show these character!stics as in the case of living

    The granules in cyteplasm are co]oured blue or violes with Nadi-reagent, even
when pollen grains are lieated in mo!st state. It is very probab]e to consider
that this coleratien of cytoplasmic granules is not due to direct action of oxidases

but to after staining ef the indophenel-blue.
    3) fleating Experiment ot- Yeast and Wing Musc}es of Cicada, Bom6us and
Honey Bees.
    Yeast cells and wing muscles of some insect$ have been recemmend.ed by
KEIuN (1929) as excellent materia}s for a spectrographicai study of the c7•toehromqs
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in living cells. In the present experimeRt, Ba_ker's yeast, wing muscles of Ctcada

sp., Bon}bus sp. and honey bees were tested as in the case of tlie pollen grains
given above, and results obtained in the wing muscles of Cicacla are shewn in
Table 3.

Table 3

Pre-treatment Nadi-reaction

None.

100"C-30 min. (dry state).

100eC-30 min. (moist state).

200"C--1 hr. (dry state).

IOOtsC-l. hr. (moist state).

70eC--30 min. (dry state.>.

70eC--30 min. (most state).
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    IR Table 3, it is seen that when the muscles do not show positive Nadi-re-
action, the absorplion bands of cytochromes a and b are completely or almost
invisible whi}e the band of cytoehrome e is visible more er less distinctly. The
same xesults are obtainecl in yeast ee}ls and wing muscies of Bombus and honey
bees.

                                 Conclusion

    Results of our heating expeTiment of pollen grains, yeast cells and wing
muscles of insects, suggest that cytochrome a appears to carry no importani re-
lation with the oxidation of Nadi-reagent, since the Nadi-reaction is positive while

the absorption band of cytochrome a is absent in the pollen grain of several
plants given in Tab}e 1. eur tentative conclusion is iherefore, that the substance*
which play an important rC]e in oxidation of the Nadi-reagent in the living cells,
is destructed by heat treatment and probably be a cytochrome oxidase or cyto-
chrome b.

es 1'lie view preliminarily expressed in a previeus paper that this substance was thermola})ile

  cytochrome c, is abandonea. CSINKE, Iwi"fA and ffiRAoKA, l94,7).
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                    . Summary
    Pollen grains of some angiospermous plants have cytochromes w}iile those
ef mest gymnospermous p}ants we studied do net show cytochrome speetra.
    There are intimate relations between the positive Nadi-reaction and the pre-
sence of cytochrome b in pollen grains, yeast cells and wing mUsclee ef some
insects.
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