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H, BC KU *P-NMR 7 6iEIC & 5 JEE H Trichinella spiralis(U.S.
AFR) BAINS D glucose fAE & Z DIREEMDIEE (7 X)

DFZEITET 205

CRIEE (SIERREFLERYLHEE)

F——F

Trichinella spiralis, NMR spectroscopy, glucose metabolism, intracellular pH, ATP

1. BL®IC

HBAFEOFERIC L 2 BEEHEBOKRRESE
HPEZ5LT, FEHRORBMEDOZEIIE
BLRBERTHY, TOREEHOBIMTIL, F
AEHOEL ORBRBEOBENT B L CREEY O
BRI RZZETHS.

HRERIEIE (NMR) £ A —Y > 7% NMR 4
HEL, EHRZEPEERFECFAIATY
34512 In vivo KB I BHFFRICE T NMR 43
K, AL TRERNEFRELTE
RAaAETh2.

B3I Nishina et al.? 1 *C-NMR 4 ¢ti&% A
W, HRBNE 4 O FE R THERER MR K
DREBFHTH 5 [LEEMEH (Angiostron-
gylus cantonensis) 4IFERLHR D glucose RE#HRE
B »% Embden - Meyerhof pathway & [F#E %%
glycolysis DREFEITETE L, Z DA EYIX
lactate, acetate, alanine TH 5 Z & #EEBAL,
& 512 'H-NMR 2BV T, 2ORHEY
DEE HITo72. Blackburnet al. (1986) 2 ¥
REkE FET, BENFESFROMENGFHR

(Hymenolepis diminuta) @ glucose X%
%, phoshoenolpyruvate carboxykinase
(PEPCK) -succinate pathway IZ#&F L, Z O
BIEHEY L, lactate, succinate, acetate,
alanine TH 2 Z L ®EBHL T 2,

SEEE L, BBRATFERRH, FCAELE
FAEHREORRBERIC X 2REAESS, L¥E
BOERBUHFRO—BRELT, EFNRUELD
HABMOBEBCHEL THFEL, 28107
BRERVDEB T REREOREBRTH 2
e (Trichinella spiralis) AL H (ML)
D glucose (R ORBMEDDORE L EE, S 5K
ZDOREHER 2, in vitro T CLERIGIED
D- (8C;) glucose & (1, 1°-13C,) succinate
2HWTH-, BC-NMR /ETEHRELL., %
7z, BE(T T R)AD glucose RFEMDHE
% in vivo & F T3 P-NMR 7% BT
217,

2. MERUTG®%

OfeE RENHD 778 | TERFEFIFERF
FELI VDG EER (USAMK 2R
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Uiz, BEREREOMIIY Y AR S ¥,
Bk 60 HEICEMRA L D, Castro et al
(1969) » OFEIRE, EER ML (BE 1 H
1mm) 2B L 72, BEIXEEMICTY, BUX
L7: ML % 1 %® antibiotic/antimycotic solu-
tion (Gibco #) % & Lo E BRI/ CTHEILLE L
7z,
@ in vitro FEEE . AHEVORE L EED
7212, fEZE H ML 7000 FE% 109 Q48R IME
(Gibco #)) %&te NCTC-109 (Difco &) k3%
W 1mlHT, 3TCHTHEET (5% CO, in
air) X T 3 HEEE L7z, ZOFEBRIT 3 BTV,
Flearbu— e LTEEROAIZDWTY
FfRICT o7, fER, BEREEINL, 'H-
NMR QOHIE £ T—20CTHREL /2.

glucose FIRDAHED &, = DREERK»,
¥ 7z succinate 2> 5 DREERE 2515 72012, k
SCEEBRICHEE L 729> 7z D-(13C,) glucose
(98 atom %) 2.5mg 2MZzH > 7 (1,
1°-13C,) succinate (99 atom %) 0.25 mg %/l
iy IvEEn TR L, ERZEET
THEEBRZT, BINLEERE 'H-, #C
-NMR Q#IE £ T—20CTHREFEL /=,
®'H-, *C-NMR 736 @ 4H&E 5 mm O NMR
SEEEIWCH 7N 0.45ml EEK0.05ml A
N, EBWCHY T FVDBELTIHNLYT b
OWEEH® L L T 3 - (trimethylsilyl)
propionate (TSP) #&#EBE 1mM 2k 5 k&
SWEMAIZ, E1BC YT FNDT I HNY T b
DHNEREHE & L T Tetramethylsilane (TMS)
PEFA L7, ot#iE, JNM GSX-270 FT
Spectrometer (HARETF) 2EH L, 'H-NMR
DHEIE ZERT T, BHIFEREE 270 MHz, 45°/F
WA, TR, 64 EEEERTV, S5y
Zutnk (‘H,0) ©H Y7+ 12414 2
72 %12 homogated decoupling i % F WllzE L

7z. BC-NMR QO HIEIZER T T, BHEEFE
67.7 MHz, 457V 2, 3 FRRE, 35000 EREE
2{To7z. 'H-, BC-NMR ke L vEshn
TRBEHDY 7 FVOREIR, M0y
WEDEBLY 7L EDHER, TTIRHRES
NTWBET—F EDHEIC & DERE L ft2e9,
H-BCHy 7Y &> THEELIH 7 F
NWEROBC-BC H v 7V A k> THEELT 85C
¥ 7 FVDIEEIF, London et al. (1975) 9,
Mackenzie et al. (1982) ?, Blackburn et al.
(1986) 2 DFEMTIZHE-> 72, RBEHOERIZ,
Ohsaka et al. (1981) ®, Matsushita et al.
(1982) @ 5 fEV, BEFIEE D TSP O'H
YTFNVEE L Ol LD EH LT,
@EEH ML OTEE(F 7 RA) \OHEDHE
R RS 60 HEHD 7 2 % sodium  pen-
tobarbital THEELE (ip.60 mg/kg) NMR 71
—7WBEEL., TUADEKREE L D ES
mm O surface coil T **P-NMR 2 #I%E L 7.
AV ba— Ve LTEEET TV RAIZDWTHE
BRICHIEL 72, 3P DY 7 F VoI, ki
Do YR MR L, BUH A ¥E 109.14 MHz, 45°
FOVA, 1RRERE, 300 BRRE 2T o7,

#HEEA pH (pHi) X, creatine phosphate
(PCr) ¥ 7> niddr U CEESE (P) O
YIFNVDTEHNVY T N (6 ppm) & DIKRRA
(I) WEREWTHEHL, KBl
pHi=6.90-log [(6-5.805)/ (3.290-8)] (1)
% 7z adenosine triphosphate (ATP) ® ¥ 7'
VDAL, " P-NMR TEREZa &R S 0
7 FNVOHEBEBEEW X 5L [ATP(8) /Pi+
PCr+ATP (B)] THEL 7.

3. M R

ORHEVDFEE L EE  Fig. 113, FRIEIME

ZTEAH BEMEFE8AIH

BIRIEERSE  (T7350-04) HERAMBEEUETEAAMNS BEERKFFLEREREN CRIEE
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e W, BC KU IP-NMR 356K & 2 BEBHEANSIHO glucose (A# & RBEW OB BT 2715

TSP
A

Glucose L

Ac

;ﬂ \ Al'a -

Ac

TSP

Glucose

5 4 3 2 1 0
ppm from TSP
Fig.1 270MHz 'H-NMR spectra of spent
media collected after maintenance with-
out (A) and with muscle larva T.spira
lis (B) at 37°C for three days. Chemical
shift is given in ppm from internal TSP.

10%. &t NCTC-109 85 EW Chest - ML % 3
HHfEEROEER(B) L, ZOavtu—u
DOEEEK(A) D'H-NMR DARZ MV TH 5,
4-5 ppm EOIE S iz kD Fa b vy 7 F
X, & hEnk,

IV bE=VDANRY PV, NEEED
TSP ¥ 7" F VDA, 3.2 ppm-5.3 ppm DREIZ
glucose D7’v N VIZRBRESND Y S F I, 1.32
ppm & 1.48ppmiZ ¥ 7 vy bDENEF N
lactate & alanine D A #1700 b VIZRES T
5¥ 27N, 1.93ppm & 2.4l ppm K ¥ >~ 7V
v MDZENZEN acetate DA F VT T b RO
succinate DX F Vv o 7a r VIZREEEIND VS
FAREEI N, & 512 0.98 ppm, 2.1 ppm,
3.0 ppm IEE RS > 2 BN 70 b VIZIRE
END B, BDL WY T F Vb BEI Nz,

HHBEEEE Vol. 8 No. 3 (1988)

5 4 3 2 1 0
ppm from TSP
L ! lactate; Al : alanine; Ac : acetate;
S ! succinate; P : propionate;
V I n-valerate; a,b and ¢ : methyl and
methylene protons of lipid and/or prote-
in.

EER ML OHBEROEERD AR LT
i, avro—LEHELT, YIS AEED
WA LT glucose D7 b >y 7 F e, by
I DSENNL 72 lactate & alanine DA F VT
o hrDY T I, ELL BENEIIL T, acetate
DA F )N E succinate DAFv>D7a by
FUBEEI N, & 5KHFZIC0.89ppm & 1.
06 ppm IZ, Z1LZ# MY 7Ly M D n-valerate
L propionate D XA F)N70 N VDY T FNHE
Bzan.,

520 'H-NMR BB TEHE S hi- AHE
VIO EERER %, Table LITRLT:, EEDRER,
lactate, acetate, succisate, propionate, n-
valerate, alasine 73, fEEH ML O HMEAHE
MTHDZLERD, &5kZFORBEYEHE

@ & )Vt (lactate : acetate : succinate -
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Table 1 End-products of glucose metabolism in muscle larva of Tricinella

spiralis as measured by 'H-NMR

Samples End-products

Lactate Acetate Succinate Propionate n-Valerate Alanine
Control medium(mM)? 3.3%0.3 1.0£0.1 0.3%0.0 ND. ND. 0.7%0.1
Spent med ium(mt)? 4.9%0.2 4.3%0.5 2.0%0.2 1.0%0.2 0.8%0.0 1.6%0.1
I ncrement(mM) 1.6 3.3 1.7 1.0 0.8 0.9
Refative increase® 1 2 1 0.6 0.5 0.6

Values are the meantstandard error of the triplicate assays for hoth samples.

ND.: not detected

a: As determined with TSP as internal standard.

b: Increment of lactate was taken as unity.

22's

2Al
U
o T
52 50 36 34

1Ac
1AI )
HCOs 2,2F

A

3L
D-(*Ce)GI
rﬂ 2,2's
2Ac av
2V|2P |(ap
3M

u 3Vl | 5V
2A|ﬂl | I (3P

180 160 140 120 100

80 60 40 20 0O

ppm from TMS

Fig.2 67.7MHz *C-NMR spectrum of the spe
nt medium collected after maintenance
with muscle larva T. spiralis at 37 °C
for three days in the medium enriched
with D-(*¥Cs) glucose. Chemical shift is
given in ppm from external TMS.
1L, 2L, 3L :lactate 1-C, 2-C, 3-C; 1Al,2A]1,

propionate : n - valerate : alanine) &, 1 :
1:0.6:05:0.6Thb, FERHEY

13, lactate, acetate, succinate TH o7z,

ORBHER © e ML OB HROEERICD

3Al ! alanine 1-C, 2-C, 3-C; 1Ac, 2Ac:
acetate 1-C,2-C; 2,2’'S . succinate 2-C,2’
-C; 1P, 2P, 3P : propionate 1-C,2-C,3-C;
V2,3V,4V,5V [ n-valerate 2-C, 3-C,4-C,
5-C; 2,2’F * fumarate 2-C,2’-C; 3M :
malate 3-C; Gl ! glucose; U ' unknown

WT,'H-NMR 2 W THRHEY>BE L E
&R, glucose 7’ u b > v FFVDEL L R EE
e L T,
propionate, n-valerate, alanine ® 7’1 » > ¥

lactate, acetate, succinate,
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e H, C RU "P-NMR SHIC & 3 leBmEAPMLRO glucose R & RBEWOEE T 2 Hi%k

7 F OISR SNz, Zh s RBEWMOD
REEREPEET 5 2012, BERMAED D-
(12Cs) glucose & (1, 1°-3C,) succinate %
RAWREEDORERE 2 8EL 7,

[D- (3C,) glucose i & %&£ ] glucose HI¥
ORMEY 2 HEZT 2720, D- (13C,) glucose
EINZREER CREE ML AEROEER
D BC-NMR & ‘H-NMR ODAX7 b V%, Zil
Z1Fig.2 & Fig. 3 i L7z, Fig.2 @ 8C-
NMR ® X227 M vizid, EBERIZHZ 72 D-
(13C,) glucose DA —R > 7" F LD, D- (13C,)
glucose H 3k X & Z ¥ O lactate, acetate,
propionate, n-valerate, alanine ® X ¥/,

o=

succinate, prepionate, n-valerate D X 1 >,
lactate, alanine @ X # >, K& O lactate,
acetate, propionate, alanine O 7 )V R F ¥ )LD
A =RV TFNDEE S NIz, & 51T fumarate
DLF vk malate DAFDhH—Ry ¥ 7 F
LE HBCO, DA —R v 7 Vb BREINT:.
LIEDHERMS, '"H-NMR (Fig. 1) TRES
N7 EY I EEERP O glucose ICHRK T 2
ZEnbhbroiz,

Fig. 3 D'H-NMR O XA X7 b v T, D-
(13C;) glucose HIZRD pyruvate, n-valerate,
alanine @ 70 b > ¥ 7 F VI, T E hd o
fo. L L, FERBEYO lactate, acetate,

Ac
TSP
S
1.5 13 11
& A& L L*
s* i ! )
Al \Y/
BN L
' 2 N 1 ' 0

ppm from TSP

Fig.3 270MHz 'H-NMR spectrum of spent
medium collected after maintenance wi-
th muscle larva T. spiralis at 37°C for
three days in the medium enriched with
D-(3Cs) glucose. Chemical shift is given
in ppm from internal TSP.

HEIEEE Vol. 8 No.3 (1988)

L : unlabeled lactate; L* : *C-labeled
lactate; Al : unlabeled alanine; Ac ‘unl-
abeled acetate; Ac* : '3C-labeled aceta-
te: S : unlabeled succinate; S* : 3C-lab
eled succinate
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R

succinate ® 7u b > ¥ 7 F iR, FERE Tz,
s FERBEYD Y 7))V % London et al.
(1975)9, Macknzie et al.(1982)", Blackburn
et al. (1986) ? DY 7 F IV OFEFTCHEIEITL
7ofER, 1.32ppm DY 7V b DY TV,
BC TS LT lactate DA F)L 71 b
VYT FNT, FOVITFNOWEY A F O 127.
SHzBENT: 8 KDY 7 F V65571V b
Dy 7 F ik, D- (BC) glucose HRD BC T
EHIN T3 lactate DAF VT by IS
NMTHY, (3C;)lactate & (2, 3-13C,)lactate
DEREWTHoTz, EhZORENRIEZ2 11T
H-57.1.98ppm DY > TV F DY T FNAZ,
3C THEFEHINTOE Y acetate D A F LA —R
VYT FNVT, FDOYITTNANOWFA D 127.
1Hz BN 2 RD Y 7 F N6/ BT 7V b
1%, D- (13C,) glucose FHR®D BC TEH I N T
W3 acetate DAF NS bV ITFVTHY,
(13C,) acetate ThH o7z, 7 (¥C,) acetate
1%, Fig. 2 @ acetate DF 7V v b DX FNE L
VHNVREYNDH—RY Y T FND 5 bHER
ANz 2.4l ppm DY TV y hOY T IV, B
C THEFE I N T Wi\ succinate DA F L > 71
NV TFNVT, FEDY T FVOmETA RO 126.
6 Hz LT\ 3 5 7 vy b g, D-(BC,) glucose
kD 13C TR L L TV>5 succinate DA F L
»7ua vy 7SN TEH Tz, succinate 12DV
TR, ZFOAFV>DH—R>y 7 F )V (Fig. 2)
v (2, 2-3C,) succinate, (1, 2, 2’-
3C,) succinate, (1, 2-1C,) succinate D&
EMT, FOHERIT255:20: 1 THZ I L2 HE
AT, BAFV VAR OFROY S
F ik, (2-13C,) succinate »5 DY 7 F VT
k7 <, (2, 2’-°C,)succinate 5D ¥ 7 F
NTHBIED, AFvoyrarrovys v
(Fig. 3) L vmERI N7,

%72 Fig. 3 Cl, BC TEZREITwivn-
varerate, propionate ® bV 7L v hD X F L

\
\

1 R HCO;
e PN

160

T Ll
180 170
ppm fromTMS

190

Fig. 4 67.7MHz ®*C-NMR spectra of the spent
media collected after maintenance with-
out (A) and with muscle larva T.spira
lis (B) at 37°C for three days in the med-
ium enriched with (1, 1’-33Cz) succinate.
Chemical shift is given in ppm from ex-
ternal TMS.

S ! succinate; 1P : propionate 1-C

Fabtry b EnEin0.89ppm & 1.06
ppm KBS iz,

[(1, 1'-8C,)succinate I & % 1% ]succinate
25 D volatile acid DR EHERLT 572012,
(1, 1°-1C,)succinate ®fNZ 7:¥&EWK T, hE
EH ML fABEROEFERDPC-NMR A7 b
V& Fig 4iZmliz, 3 ba—nVDANT |k
N (A) T, succinate D 1, 1’DANVKRF V)L
H—RrY T FNVDABEIN, FAEROEE
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------------------------ 'H, ®C KU “P-NMR M6 & 2 e RS RO glucose (il & RS EYOEE BT 2%

WD A~ bIV(B) TR, F7zi HCOy D & —
R > ¥ 7 & propionate DA VAR F VA —
By FapEE s, RBEEYO proionate
1%, succinate IZH¥EL, BRBRIGTEES L
2 EADT.
@EEHBHE < 7 AKERE O *P-NMR ! in
vitro TOfEBHE ML ORBEOHIE DR,
%L DERBBEESNTEY, INoHEHEER
DHEBANOFE L UT, £REHEO pH OETH
HHElans, ThERERTS7:01, REHR
PERRLD ~ 7 A KREREBFHA D pH DZEL % 1P
NMR PG THRIE Uz,

< 7 ARBREREHA D 1P-NMR D A7 h v
i3, Fig. 5 1R Lz, A7 bVIidHifFES Tz,
Pi, PCr, ATP D a, 8, y THhZNDIP ¥
FARBREINT, IV FT =TT ADAN
7 MV(A) EFEBRBH TV ADARY bV (B)
rOHB TR, BEDPIOY 7 F VD AERDT
DICERBANCY 7 b LTHED, pHi DETH
HHs e, TRk VEHSN pHi DEE
ATP OHEREBE I & 2/ [ATP (8)/Pi+
CrP+ATP (B)] % Table 2 /R L7z, 2>}
o—) v R LB~y 20 pHi DfEIR, 1
FN6.8L6.2THY, %z ATP DXL
n#FEN0.33 £ 0.27T Thote, BPE~YADK
FREFASAOD pHilE, 2> b o —WVIZHERETL
THY, ATP OEMEBET L Tk,

PCr

20 0 20
ppm from 85%H3PO,4

Fig.5 In vivo *'P-NMR (109MHz) spectra of

the leg muscle of mice uninfected (A)
and infected with T.spiralis (B) as mea-
sured by surfase coil method. Chemical
shift is given in ppm from external 85%
HsPOs.
ATP : adenosine triphosphate ; PCr : cre
atine phosphate; Pi ! inorganic phospha-
te; HMPA : hexamethyl phosphoramide
(external standard)

Table 2 Characteristics of the leg muscle of mouse infected with

Trichinella spiralis as measured by *'P-NMR

ATP(B)/Pi+PCr+ATP(B)
mean=SE(n=3)

Intracellular pH
mean=*SE(n=3)

Animal

Uninfected mouse 6.8%0.1 0.33%0.01

Infected mouse 6.2+0.1 0.27*0.01

Values are the mean*standard error of the triplicate assays for each animal.
Pi: inorganic phosphate, PCr: creatine phosphate, ATP. adenosine triphosphate
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4. % £

EERAML ORBEDORE, T2 ZDORH
R

NMR 1345635 % v T, in vitro 358 E&H4T
TOREER ML OREREEDORES L UE
EEIT-o7:. ZDFER, lactate, acetate, suc-
cinate, propionate, n-valerate, alanine 73,
ENHL:2:1:0.6:05:0.6DE4TE
EahTBY, 2o REE®IT glucose FRT
HDHIEEER L SLWEFERBED
lactate, acetate, succinate TH o7z,

FAEHIED glucose RBHEEE X, Embden-
Meyerhof pathway & [Efk7% glycolysis D
¥ PEPCK-succinate pathway DA S
THED, AIEOREKIIE lactate BEEL, #
#1337 succinate #4EET 2 (Fig. 6). ER
MEL S OREREICEIWRET 013, FHRERD
43I, 55T % % phosphoenolpyruvate (PEP) @
KB TOEEE T PEP # 5 oxaloacetate &£
&+ % PEPCK & PEP %5 pyruvate 24 &
¥ % pyruvate kinase (PK) MEERDEM

Glucose

v

Phosphoenolpyruvate —————————»Pyruvate

COz\ /COZ

Oxaloacetate

(PK/PEPCK) i & h #Efl s 210, lgBH ML
@ PK/PEPCK fhid 0.34'2 TH D, KERICE
W succinate ZAHEELTWE 2 EICKD, E
1z PEPCK-succinate pathway IZ{KF L T\ 3
ZEBHERI S Tz,

Blackburn et al. (1986) 2 X, D- (*C,)
glucose Z AW IziE/INGER BENFESR) O
ABERIZB VT, glucose REEWH, (13C,)
lactate, (2, 3-2C,)lactate DEEY, (2C,)
acetate D&, (18C,)succinate, (2, 2’-2C,)
succinate, (1, 2, 2’-®C,)succinate, (1,
2 -13C,) succinate DIEREW TH 5 Z & %'H,
BC-NMR 2 &> TRL, ZHoREERD S
% (13C;)lactate, (2, 3-1%C,)lactate, (**C.)
acetate, (2, 2°-'%C,) succinate, (1, 2,
2°-13C,) succinate I%, PEPCK-succinate path-
way i2& b, (1, 2-C,)succinate i3, tricar-
boxylic acid (TCA) cycle, (1, 2-3C,) suc-
cinate, (13C,)succinate 1%, glyoxlate cycle {Z
kD, EEINDEZEERHBRTNS,

AREERIZB T Y D-(C,) glucose & 7z
B ERT, FTERBEDD lactate, acetate,

CO2
Acetate
Lactate
Alanine
NH3

s

Malate

co !

yz, Pyruvate
Malate
Q§>

MITOCHONDRION

Fumarate —— Succinate

Fig. 6 The pathway of glucose metabolism for a parasitic helminth.
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------------------------ H, C R U P-NMR A6 & 5 I RAAPLIRO glucose i & RBENOTREE M 5515

succinate 1Z, #hZh (8C,) lactate, (2,

3, -BC,) lactate DEEY, (©*C,) acetate D
&, (2, 2°-3C,)succinate, (1, 2, 2°-8C,)
succinate, (1, 2-3C,)succinate DIEE¥T
B otz FlERE ML @ TCA cycle KEEY
BRI, TRNTHEREEN TR I LD, Z
n o REEYOEERE Y, Blackburn et al.
(1986)2 & [EIBkiZ, PEPCK-succinate pathway
E TCAcycle iZX->THBATE %, T4hbb,
PEPCK-succinate pathway {8\, D-(*C,)
glucose i (*C,) PEP, (1, 2, 3 -13C,)

oxaloacetate @Y (1, 2, 3-13C;)malate
2T 5, &5 malate 133 I RYTA
Ab(1, 2, 2’-8C,)fumarate 27 %, fumar-
ate, malate I /KDOFFE TICB W TRIHHIZ K
oL, (1, 2, 3-2C,) malate & (2, 3,

4 -8C,;) malate DIEEWE KT 5, 20D
malate DIESWIB A MHTIC PEP N b,

PEP iz (3C;) PEP & (2, 3-2C,) PEP®
BE&YZ% D, BU PEP ORE&YH malate ~
CHEA, BHKRYIC malate 13 (1, 2, 3-3C,;)
malate, (2, 3, 4-3C,;) malate, (2, 3-
13C,)malate DIREW RS 5. Z D malate
DIEEYH, BEREE S (8C,) pyruvate, (2,
3-13C,) pyruvate DIEEGWEFE L, &5
WMEYD (13C,) lactate, (2, 3-3C,) lactate
& (BC,) acetate #4EET 5. %72 malate D
BEwE, (1, 2, 2°-3C,) fumarate, (2,
2°-13C,) fumarate DIREWEEHKL, 2o
REEYD (1, 2, 2’-2C,) succinate, (2,
2°-13C,) succinate #£EET 5, (1, 2-3C,)
succinate DEE T, D- (3Cs) glucose » 5
B E N (8C,) PEP &, (1, 2, 3-13C,)
oxaloacetate ~#E#, & HIT citrate, isocitrate,
2-oxoglutarate & Uf succinyl-CoA %~ T
B3z (1, 2-13C,)succinate #&EET 2 2 &
TE5, Ly LAMEEEROBR, (2, 27-2°C,)

succinate, (1, 2, 2’-'3C,)succinate, (1,

2 -13C,) succinate DEEHIZ25:20: 1 TH
D, succinate DAFEIZ BT B TCA cycle DE
SR I b ThrrEL S,

feEH ML O glucose {30 EFERBEDD
RBREREL, ZERNME D- (3C,) glucose %
Wiz in vitro DEBROFER L D, £ PEPCK-
succinate pathway IZKFEL T3 Z L3R
Nz,

F - RBEWIC DOV T, alanine 1T FD A
Frh—RrOy7Fnr (Fig.3) &b (BC,)
alanine & (2, 3-13C,) alanine T, EEH
2 1DREMTH L EERBEY D lactate
CRICHETH S Z L HERE N, BF 5L
lactate, acetate &[4 12 PEPCK - succinate
pathway O HEEHEY TH % malate DR
R & > TA U7z pyruvate & D EES iz
RSN D, F7 alanine DAEEWEL T,
aspartate-pyruvate transaminase system 7%,
B2 DOHFERBFETIEAIN LB, KERT
FEBEOIFIHIZ TE R o72038% 5 { pyruvate
2% alanine "D KRG, 7 3/ HEBRKITIC &
2:E25,

¥ 72 propionate I2 DWW TIE, (1, 1’-1C,)
succinate % W 72 8B EB O R 2 5 suc-
cinate DBLRBRRIGIC & DV EES D 2 LHUR
®an.

n-valerate DA FEREIZ O TIZ, glucose HI
KTH B v Lo, REBTIEHIRE 2 HEHS
T&h o7z, F72 Castro et al. (1969) ¥iZ,
HEEH ML @ glucose (R# O EERHEY I n
-valerate ThH 5 L e L, KAERBROBER £ X
> TS, RBEY & L T succinate 2HH L
T, glucose & i B 28 PEPCK - suc-
cinate pathway [Z#k7E L T2 3[R (Ascaris

lumbricoides) @ glucose X 3 2 #7121, 2-

methyvalerate, 2-methylbutyrate, n-valerate
K U propionate F® volatil acid BHI 5N THE
D 19, FFIZ 2-methylvalerate 1%, succinate D
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R OE
JREBIC & > TH U7z propionate —43F» & £
&N 5. %72 2-methylbutyrate i3, FIBRIZ suc-
cinate 7 % 4 UJz propionate & pyruvate 2°%
£ U7z acetate > 5 EE S 51910, n-valerate
WDV, 2R S 1308, RO volatile
acid [Al## succinate & D EE SN B4 5, REBR
&R & Castro et al. DG & OFEVIE, FERAL
7o FEB RO R 72 3B EREHFDOE NI &
3 eHEflEN S,

feEH ML OREHEY D EE~NDEE

in vivo*'P-NMR O HIE T, feERBG i~
A DBHEA O RBREFHANDZEIZ, pHi D
T & ATP O LLDET 558D & L7z,

Ross et al. (1981) ®, Hagberg (1985) 19
i, t bB LYY FOBBHOEIMEOEE)
2B\ T, lactate 3§28 pHi 2B F 395 2 &
RHRELTVWD, ERBIRICE T 2 BRHO
pHi D& L U GBS ATP OE IO
WTOHED b 510192020 SE|(D in vivo FEER
DFERICB TR~ 7 ABEHD pHi DET
/¥, in vitro DEBRTEHE I WIzEER ML O
glucose RHEXIDL  DEREEEY, FEREIZ
BOTHEESNFERICLZ DD LI s
%, % 7:18F ATP OEMELDET X, &4 R
Bzl rRBESEO W bELONDIDT,
BE—FERHEABRO S 5 & 52
RBDLEEEZ 5,

SEIOHFEZEL T NMR 55613, KE
BEOENTIZ B\ T2 OEBIHZESL, £E0H
RRETORBENEEICT L TERAZ AL L
E2 %, 517, invivo ICB T2 AFHLEEE
HUEDIFREAEE DT D NMR %0 IGH
X, 5ETCRHEER LD TORATH Y,
SHRHEREPHFTCE EZ N,

R, B3IV A— P VO/NBEOEESFRITH
3% in vitro TOEYZIRIL, ZOHROF
OFHIEIZ X o THES LT Wiz, REEDD
EEP, ABREIEZECHE s, B
FEI 73 FEYRNR O E 2 AF B O f#8A O i

ez, HRICR %, 4EfT 5 72" H-NMR 43Hik
X, V> 7VHIERR 3-5 4 CRIME R Lic—
EORETABEMORE, EENTE, F4E
BEOEYIRORA 7 ) —= v 73 EAZE
BlicnsrEzohie,

4.5 &8

in vitro BEELHT THREREOEEGER T
H5fEEH ML ORBEY %, ' H-NMR 734Kk
ZHWTHAN ], £ DR lactate, acetate,
succinate, propionate, n-valerate & U} alanine
21 :2:1:0.6:0.5:0.6DFENLTHE
INTwiz, E512D- (18C,) glucose # A\,
BC- NMR 78 THIE U 7-/ER, Zh s R
EMIL, 27T glucose HETH D, - FERH
EYD lactate, acetate, succinate i, (**C,)
lactate, (2, 3-%*C,)lactate DIEEY), (13C,)
acetate D&, (2, 2’-18C,)succinate, (1,
2, 2°-1C,)succinate, (1, 2-3C,)succinate
DEREVITH Y, = DOREHRERIEEIC PEPCK-
succinate pathway IZfRFEL T3 Z L A3#EH]
Iz,

3P-NMR 43763 T O fee RIBHRERNL D = 7
AKRBEE A DOEEZ TIZ, pHI DIE T & ATP @
AL DR T 235580 & fz,

# A

KR ETOCbizb, HiEE, ERETS
Wi LR EERRFEBEERARAE L, Ei
FUEAEVSERTATERERBE L, 2o E
EMREINHRE =S, FEMEESBENE
TIHEHL, £ NMREE LEHEET s W
L7 HARBFIRTRBARICR#HE L £ 5. fEs
HAFIZBEL CTHEB 2 22 Wi TERFEES
B NSRS L, BN R
HLEL EFxT.
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'H, ®C and *P-NMR spectroscopic study of glucose metabolism of
muscle larva Trichinella spiralis (U.S.A. Strain), and the effects of
the end-products on the host (mouse).

Masami Nishina
(Department of Parasitology, Saitama Medical
School)

1H-and *C-nuclear magnetic resonance (NMR) spectroscopy was used to identify
and quantitate metabolites excreted by muscle larva Trichinella spiralis maintained
aerobically in the presence of D- (1*Cq) glucose and (1, 1-*C,) succinate. End-products
of glucose metabolism studied by *H-NMR were lactate, acetate, succinate, propionate,
n-valerate and alanine, at the molar ratio of 1: 2: 1: 0.6: 0.5: 0.6. *C-NMR measure-
ment proved that all the products originated from the glucose in the medium via the
phosphoenolpyruvate carboxykinase-succinate pathway and the tricarboxylic acid cycle.

In vivo *P-NMR spectra were also taken by the surface coil method from the leg
muscle of mice which had been infected with T. spiralis. Intracelluar pH and relative
amount of ATP in the leg muscle of the infected mice were found to decrease significant-

ly as compared with that of control mice.
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