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Trichomonas vaginalis(LLF T.v. LBsF) oftigess
BOFREIS O TH 6 Z DA « ALFICHET 5% D
ERIZATIO DI THRIZAIRE LB % K OFRMEF ORI
BENTWS, T, BE0 L >KREFRIC B+ 548
BEOFERIZOVTHLZ L OMEFIC I VHANIZEh-
2HBH, PTH Krebs cycle OF IR LT Mo
FRATREESRIZ D\ TIZAEALHHIC Seama (1953), Wir-
tschafter (1956), Asami (1956), Read (1957), EIpIEN
(1959), Baernstein (1961), Kunitake ez al. (1962),
fA% (1963 a, b) 3, MHAI{LZRYI21E Sharma and
Bourne (1963) DHF%E4% 5. X Suzuoki and Nino-
miya (1952) X A{¥Mic T.v. BfEkR® LDH o 7
TEXFEB L, Wellerson and Kupferberg (1962) i
malic enzyme DFFEZIFHL TV 5. HLANS, Z
NOOREILTLE—H LD TIEAL, VWEIC
T.v. IZT Krebs cycle 234EHRIZERHL T3 7
BEPRITHTHS (BR, 1967).

FE 1% TCA cycle 2B B BiAkEREZIZSWT T.v.
BENTOFEOFELZZEHAL, EICIbar FY 72
AL EER T3 (Inoki e al., 1959, 1961) T.v.
BENIZT 5 TCA cycle IR+ 2 AEREDRTE
ML I REEELBRT 2L 20T, ZOWERL
U T MR FEIC X 0, R¥E#ME O v LT
Malate dehydrogenase (MDH), Succinate dehydroge-
nase (SDH), Isocitrate dehydrogenase (IDH), &KX
Lactate dehydrogenase (LDH) o T.v. sifkpNicidiT
SHEELCICHEER Lz,

KBREHLZOVICEREE

YEE THHR ARG (Asami, 1952) T250444% b 4%
BRI/ B3 L7z Trichomonas vaginalis # % Fi\v

ol

7. FERBBRV TR REHL T8RS R % OEBIE R &
A E R T CAEBERHKIC X Y 3,000r.p.m. T1053[E
Fo 3 EELBEMEL, 2\ T0.85% NaCl 1/15M Hifig
TR (pH 7.6) IC T BKVEEZ 77827 b D e ER
ML Lz,

1) Succinate dehydrogenase (SDH) & B A
i

KFEZAEIRIT Nitro-Blue tetrazorium (NBT) %
v, Z O tetrazorium ¥ EILE N T Diformazan %
LT 2832 RIEEFIALTEETS Z Lk
7-.

Nachlas et «al. (1952) DFEIZHL, 0.2M. Sodium
Succinate 5ml 0.2M. Phosphate buffer (pH 7.6) 5
ml, Nitro-BT (1mg/lml) 10ml %& iR IC
LB LI REE 0L B EEFEE LY, 37°C
BARE S T 8 B5H] incubate L, 10%HikiL~ ) LH
TEEATVCIFETMSBIC THE L7, MAERICELTHE
B 2 Iz BB T RIBEIC incubate L7z 3 D& %R
Ll

2) Malate dehydrogenase (MDH) &4 DZER F:

Nachlas.Walker-Seligman (1958 a, b,) o Jik 0%
#EIZE Y, 0.5M. Sodium Malate 4ml, 0.1M. Pho-
sphate buffer (pH 7.6) 1lml, 0.25% NAD 2.5ml,
Nitro-BT 5mg, Z8%/K 3 ml OREEEEERIGKE L,
MBI EE S ERPUREE A, &b Il Lk
[EIE o Bk &2l L T37°C 88 incubate L7-.

3) Lactate dehydrogenase (LDH) &% IEA 5

Barka and Anderson (1963) DF#H:ICH L, 0.1M.
Sodium lactate 1.0ml, 0.06M. Phosphate buffer (pH
7.4) 2.5ml, 0.05M. MgClz 1.0ml, NAD ( 4 mg/ml)
1.0ml, Nitro-BT (4 mg/ml) 2.5ml, #&%71.0ml %
BORRERERISEE U, BIROKEEOAE ik x2
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FEL D, 37°C T8 incubate L, FD#%10%H
RN =Y T EELFRHIC KEE SR Lo Bl
7z, Wxto L Y ik SDH, MDH D4 & [FEEICiT
787z,

4) Isocitrate dehydrogenase (IDH) &4 DEFER 5k

Barka and Anderson (1963) ®»h:Iz X v NAD f&
o IDH %2#ufa L7z, Bi®1.0M. DL-Sodium iso-
citrate 0.1ml 2FE & L THiz 724+ Lactate dehyd-
rogenase DAL RIFRIC LTz, XD L Y FH i
D OEEFR OBA LRIk L L.

KERER

1) SDH E#EIZHOWT ; BE 1-a TR kT
2 DISHEFERI D T b 2 ASHIKE NICIRTE L TR
BT, ZAUC b U CHIB R R O IS I SO I3 RE
SoNTRETH . XHBHIC LB TOETIRD
BRRSERL O b s kL ot (FHE1-b).

B L 73 5 EBRFI AR ORI L BRIz £ <R 5
NTRBL DOEDFEA L ik oz, Llhicko
T T.v. BERNICIE SDH RIGHEER KRS b5 &
RO ONIERRCRIEEET 2L 0TI R Z L34y
27z,

2) MDH {EHIC oW T ; BHE 2-alRTHEICY v =
FRUKFREER DS & 2473, Bk & A/ h AR
FOECFHREOBRIRICHE2ACED b, M
DH D#41% SDH 0 % iz ik U T BBk 03 b 1%
ZMITEL, REDELELELIE,I2. L LAl
W, BEROEEN, WOICHE, RS EREE
LB o7z, XHRE T USRI 2 < 7B
ENTRMETH Y EREIL O RICERR ERN SO
(EE 2-b).

3) LDH j&M:ic>\T ; BE 3-a 174k LDH
TEMEIC & 2 BOSAERI D TREE G OFRDRE T O F Ak
IR E2AICRD Hh, BRI b BRI
Bobhic. fFUEBEROBENICIERZRS bhi
ole. B OKRE SIKRIRRAITSHY, Bt
RO & 72 S 37 MBS FREEAIC DKL o
7o, XBRIZX DV REDERICERLD Y, FRICTIITAA
EREEESRVCEREDLHok. 2T REOFRE R
WIREBRBIC L VIEH OB S ICEN B AHTH S D
LRbh D, Wt ORI bk THHY LDH iEikH
MRS X5 L Bbhd BEERDEN, Zhbidh
BRNCHEET B EEL LR TV INEEECL b 0L
Bbhlz (BE3-D). LrLzh oz hdE

(5

BRANC T IUIBD THC LD TH Y, HHE ORI
B EENR D>, X LDH &z X 2% @13 SDH
EEOZN XY AR MDH {EHEIC X 56X Y
55, W BARAEBUFREATHO.

4) Isocitrate DH 122>\ T ; ABEFRIZ X 5 RISHE
WRLITRA ER ST, SHRE & ORIC b LA 722
T DN 2o (BHEA4-a, 4-b). EBRFIOFD
BRIZ IO THRBESEN O EAEICHERICEST
WELDOLHOTENBEEX RV B0 (BEEA4-
a). UEX v bFRNTEIC X 5 R TIZ NAD
KT D isocitrate DH O FFEIX ST, &L
HREMFIR & Bbhiz.

ERELUVLBE

Trichomonas DEEFEZAIIIZEIE Suzuoki and Nino-
miya (1952) PUkFERE R, $1Td T.v. B{EDR
KFEEEFRC BT DHFEIL Seama (1953) 25 A{b2EpyIZ
Trichomonas vaginalis X° Entamoeba histolytica %
DJE#IZ SDH BV RICHFET 52 L 2@EL, Wirt-
schaft (1956) 1% T.v. Tix TCA cycle ko HEnHh
T malate, pyruvate OALANERILEE L KVEE T L%
FEHL TV 5. X Read (1957), f[JE (1959) % T.v.
D5EEMMHIZ X malate dehydrogenase 1EME 7 58 7+
7%, homogenate IZIZFEVEMA Y L HEL TV 5.
Baernstein (1961) & T.v. Hi{kND MDH OFEELX £
LRI EE L, Wellarson and Kupferberg (1962)
X malic enzyme DIEMENIEFIC RVZ L 2 HEL T
W5,

—7 Sharma and Bourne (1963) I #HER{LZFAIIC
Nachlas et al. (1957) @ F:%x AT T.ov. Bk D
SDH # ;83K L, Burnston (1959) ® 7} T Cytoch-
rome-Oxidase DIEM: 28R LicfER, T.v. HENIZZ
NoDOEEROFHCERE B ELTWY 3. X
Junus-Green, Regard fixation, iron-alumhematoxylin
stain (&5 I ba v RY7REZITY, ZhicE->T
B E % ¥WE%  mitochondria like granules” &
£431F, SDH KO Cytochrom-C Oxidase & DERHL
1% Z @ mitochondria ¥EFEKLE —E L T o L #iE LT
VB O EIIX, Zh o DRk FEEEFREE OMBNRTE &
T.v. %% organella & DORfEM#EZ 2L X 5 2R
BT DDNZEFMEED L~V TOBEDH TIEAN 2
iz RvH LTz,

FHOFERIC LT T.ov. BIERNIC 27 BRI KERE
FROFEE GEAT 52 L & BEHRL EN BNz

)



735, TEMEIEES L, FRRE T ORI K MEA TED
¥, MDH, LDH I ik L CRIg b 7 inote. L L
A6 DRI A Sharma and Bourne (1963) D&+
% mitochondria BEFERI TH 55 E 9 I L RIEH kK
fehoiz. ) v IEEBIKFEBEFEIEMEE SDH, LDH, iso-
citrate DH IZHARTR 2002, FORERDIZ
B TRCHERQOERRZEL, HELSEIED S
Niend, BEROEBRNITIIECED ST, e
WELRISEE T L LEFEEMEDO L LT
X, ZhDLERENBREEY & Zh S BKEREEOR
TEE OB R ST 5 2 L ka0,

FLEE R /KRB TR TIXBUS AR H3 M B P BERLIR IS
WEL TV 2Wk L, MIRE2EICO E AMICHMERES
ZROLNDBKL N H DO, LDH iEMIC X 2 RIGA
Rk MDH fEHEIZE 5 2R & D b AIRA 2V 72
DLAREBETEL T, ZAUIERCR Z 7 & 35
BEEDPVEAMICER L T2 BRI ZE DD 5EA
Dl THRBAKREERE OIEEL T AITRCERA
@ Diformazan 23 ERE ENT, R THEEEMED Mono-
formazan EREEN 2 A ThHEEZ SN (Lison,
1953).

Isocitrate dehydrogenase (¥ NAD #BiE## L +5 ¢
Dt NADP #BEE# LT3 002/ EH Y L &N T
W52, SlEhd NAD ZBi#E L 35 KSi2vTo
HRERETOL. TORY TRIKERIZACT LML
TURHAERTOATHBE OZEITIHPE TR AR D
R AT Ho7z. WAf (1969) i3 NADH O
LR & Lic ek, Tovo sk b
12V 2% isocitiate DH 25 fFHET % Lk TV %243,
NADP &KfE ® isocitrate Dehydrogenase (2B L Tix
SREIERFT D ENOIZOTHIBA O REEZ R LE
ehoTz.

FEEF &b BRI Ko TEME OB R L e dik L
DENHRED NN, ZTHIREOREFOREICL S
LOTEACHEHHESNS, L LA Z OfED
RPNIRIFIRE R LS THD THREE 2 TH H ).

Pz X b T.v. sifkpyic MDH, LDH o f5EA3EE
& 7=, Zofthoo SDH, isocitrate DH {HMEizow
TERBO THWCIEEEZEbLESH AT, T b
BrRa 513 AEAe2EMy 75 J5ikic & o 7z fhod plifft & Rk
T.v. BIKRNIZ AT TCA cycle 2M4EFFIZERL T
VEPEDRDORIZOCTOMEDORDFELELNAELD
7203, EBRBED T LD A7 < £ 4 Sharma and
‘Bourne (1963) D& 5 i< #pafkFAIZ L TCA cycle
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DHEEERBOLEIRARBLRIC ARG THDEE L
9.

IO DOBAERBEE.ED T.ov. BIENICRT 3 RE
& B R NREREEY & OREME Z KA 5 2 LIXEFH
WMBEDO LN TIIFEA ELRFEETH 272D T, HIiZ, —
i TEFHEMENRILEOFEEERA LTI E
ER LB E ORIV TITER THET 5.

¥

T.v. BRI BikFEBES%E (SDH, MDH, LDH,
isocitrate DH) 122\ T #il{bFRFHE BV TR EE
ROFEL BENREEZRIL, UTofimEHEx.

1. MpafbFERHFHIC X > T T.v. BERNIZ malate
dehydrogenase, DTEFED H  ZEB &4, Lactate dehy-
drogenase &ML Z D FEEX Bby¥ 31 25 iz 4
7z

2. Succinate dehydrogenase JEMEIZ DV TidHH T
WEH I BUS L2 Hhish otz

3. T.v. B{AANIZ NAD K1FMED isocitrate dehy-
drogenase IEMENTEFET 500 £ 9 M IAERITHIT 24
R TRk o7, Lo TH L b
STHED THNLDTHS 5 LBEbh S,

4. PYLoOFRZBEOZN L ORERICET 4
AR BE—ET5LDTH 5.

WA H Y, R R & o TR R I O
CEABMEER I oM EEr KR LETF. (KaxXo
TEE X FEBRIAAFERELAEAARIIMAS THREKL
7=.)
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Explanation of the Figures

Succinate dehydrogenase (SDH) activity

A few granules showing weakly positive reaction are seen in the cytoplasm.

Controls of SDH reaction

Almost all of the organisms show negative reaction excepting small number of granules
stained weakly. Difference between the experimentals and controls are very little.

Malate dehydrogenase (MDH) activity

Postitive granules stained in dark purple are seen throughout the cytoplasm. No reaction
is recognized in plasma membrane, nuclear membrane and nucleus.

Controls of MDH reaction

No reaction product is demonstrated in any part of the cell.

(55)
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Explanation of the Figures

Fig. 3 a. Lactate dehydrogense (LDH) activity
Besides the positive granules in the cytoplasm, some cells show the reaction products
stained difusely in reddish purple.
Fig. 3 b. Controls of LDH reaction
No stained cells.
Fig. 4 a. Isocitrate dehydrogenase (IDH) activity
The cells have no granules stained.
Fig. 4 b. Controls of IDH reaction
No reaction appears in the cells indicating no difference between the experimentals and

controls.

(56)



CYTOCHEMICAL STUDIES ON DEHYDROGENASES IN TRICHOJMONAS
VAGINALIS

Konser TANAKA
(Department of Odontology and Department of Parasitology
Keio University Medical School)

Although many investigations have been performed on energy metabolism of T'. vaginalis,
it remains still unsolved whether tricarboxylic acid cycle (TCA cycle) operates as a physiological
metabolic pathway of the organism or not. In the present studies, cytochemical demonstration
of some dehydrogenases relating to TCA cycle was undertaken by the author using tetrazolium
salt methods. The cultivated organism was washed repeatedly by cold phosphate buffer saline
and incubated in the reaction medium composed of substrate, phosphate buffer, nitro-blue tetrazo-
lium, and NAD when neccessary. The same incubation medium excluding subatrate was used as a
control medium. Activity of malate dehydrogenase (MDH) was clearly demonstrated as many
durkpurple granules scattered throughout the cytoplasm, whereas no stained granule was found
in the controls. No staining was seen in the organellae other than the cytoplasmic granules.
Lactate dehydrogenase (LDH) activity was shown as red-purple granules in the cytoplasm or,
sometimes, reaction appeared difusely in the cytoplasm being stained in reddish purple. The
reaction appeared to be less intense than that of MDH. Faint staining was seen in some cells
of controls. Activities of succinate dehydrogenase (SDH) was recognized very weakly in the
cytoplasm as a small number of positive granules, while a few cells of the controls also showed
similar finding indicating no or very little differece between the experimentals and controls.
Isocitrate dehydrogenase (IDH) of NAD dependent nature was not recognized to be active in 7.

vaginalis showing almost no staining reaction in the cytoplasm.

(57)
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