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Summary The number of diabetes patients is steadily rising, and it is said that one in three adults
will be affected. Since blood glucose measurement is necessary for diagnosis, a huge number of
measurements are made. However, the focus is currently shifting to hemoglobin Alc (HbAlc), which
is less affected by meals and gives a good picture of the status of blood glucose control over a long
period. Even so, blood glucose measurement is an essential test for early detection of diabetes and to
obtain more detailed information. Moreover, we are entering an age in which frequent measurements
will be made by individual patients in addition to tests in the hospital. It is also an age in which
measurements can be made at a local pharmacy. As a result, many people have become interested in
their own blood glucose level. With acquisition of more wide-ranging knowledge and information on
diabetes and blood glucose measurements, the position of test specialist may come to no longer exist.
However, diabetes is still not completely understood. We need to keep learning as much as we can

in reveal new knowledge in the future.
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THEBAOLZREBICTOE ClEST 2 L. g
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Fig. 1 Time-course of glucose concentration after the
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collecting blood addition or non-addition of NaF.
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LAFVFF—+ (HK) &

U.S. Department of Health, Education and Welfare?* 5 reference method & L CHEf5 S, HARIZBWT
LEIEGLE LCGRRES N T E 94,

BREEZRET A5AI10E [EHEEFICTRICEES 2 L] PIUBILL > TEIEES N TnET
N WEREZ RO LZESECBV TG, BEEFICTHE L 2T IR S Rn v ) Bk
ENTVEEA, L2L, BREMEIVIZI0BHRIN TV LRTEAR L, T2, BEESDE
POGEMEST 52 b d b7, MELBEFIRNT S LREREPRESNL LI RN ET, 2
D7z, BHGEFIC TGS, AP VERBINGET, L0 ERHICRICZ & T S8,
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1-1. 5 J 2
HK
VA=A +ATP ——» G6-P + ADP
G 6-PD
G 6-P + NAD(P)) —— = 6-PG + NAD(P)H +H"
G 6-P: Glucose 6-phosphate, 6-PG: 6-Phosphoglucononic acid
G 6-PD: Glucose 6-phosphate dehydrogenase

Fig.2  Principle of glucose assay with hexokinase method.

HKZEOMZERILIE Z ORICEEBR SN TWDE 2 e8I TY (Fig.2)o L72*L. G6-PDEULIER
DEHC2BREORISHFELTEY . 2B HIZIEREEMICEIT LTS (Fig. 3)o 2720, HllE
ARERTERDL L, BUCHPELTEA, Lo T AL < ZOREEDEEEITER S
NTWL—2DFHTLHY) 9, End point assay T, [LFE=EMAVICINADPHA EAE SN D Z LAY
AR SN TVWE T,

G6PD
D-glucose 6-phosphate + NAD(P) ————» 6-phosphoglucono-delta-lactone + NAD(P)H
6-phosphoglucono-delta-lactone + H.O ——3» 6-Phosphoglucononic acid

Fig.3  G6-PD reaction and continuously reaction by non-enzymatic reaction.

F72, HKIZAF Y — AR T 45BN D 5720, 7NV a—ADINDOANF Y — AL %2 HT b
FUHIDLF T BMRMIE 7V F—2IF LTERLE T, 207, FREEZTY) RIF5
FHEBOLNFETH, b MIEEZHEHRICT 256, 707 b =R 3MNTE2REMFEL T A
CORRICEVYN LT TV 7 F— Z2OMIEEE BRI DT,
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AT TR RE 2 A 5 4 Good #& 5 it BES, TES., HEPESX® MV ¥ B X UNTrisaminomethane
(Tris) #%M . TriethanolaminefE & i |2 D> THK-GOPD UG DiF M IS 2\ TGS & I 2. 7225, Tris
& TriethanolaminefZE A% b W HEEZ TR L7, £ 2T, 2 HOMEE R OpH & M D B % % Fig. 4
1Z/R L F L720 TriethanolaminefE i Cld, pH 82D 1M b E 2> - 72D T, pH 8.20 2 fFH D%
RO EIEHE ORI FE L7- (Fig. 5)o Triethanolaminef& L #5100 mmol/LA 3T A5

bElEET L7z,

0.2F ]

0.1

Velocity (AA/min)

0 -l 1 1 1
7.0 7.5 8.0 85

pH
Fig. 4 Optimum pH for the HK reaction. Hexokinase
activity was measured by the method discribed in
Materials and Methods; 100 mmol/l Tris-HCI
buffer (O——) and 100 mmol/! triethanolamin

buffer (@—@).
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0 50 100 150 200
Concentration of buffer (mmol/l)
Fig. 5 Optimum conditions of buffer for the HK
reaction. Tris-HCl buffer, pH 8.2 (O——)
and triethanolamin buffer (@——@).

'min)

1/v @ mol/l/

Fig. 6

1/v (1 mol/l/min)

0 10 20 30 40 50
1/Glucose 6 phosphate; 103 pmol/1

Lineweaver-Burk plots of glucose 6-phosphate
dehydrogenase (from L. mesenteroides) with 0, 1,
2, 8 mmol/l ATPconcentrations. No addition of
ATP (O——=), 1 mol/l ATP (O——)

2 mmol/l ATP (@——@) and 8 mmol/l ATP
(—@).

Fig. 7
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2) NAD(P) & ATP

GO6-PDDOHIRIZ L > TER S 2 MEER OB AMHEL 3. YeastHRIINADPZ ZR L,
Leuconostoc mesenteroides (L. mesenteroides) H#:IINADPTHNADTHO/EH L £9, 72, L. mesen-
teroidesHHRIZATPIZ & - THAEL XT % (Fig. 6) DIZxF LT, YeastHRIIHELZZITE A
TL7 (Fig. 7)o ATPIEE EHKIGHEOBEBREZRR/2E 2 A, ATPO E @ I1X1.0 mmol/LT L 72
(Fig. 8) o

3) BRI =
QHOBREEAE L TUET 28, KoK T TORMIZELS T2 LR TETT, LoL,
OB 2 ODBEEHHTRETH L7720, 2 O0DENIIC 1 IEEEHICHE) & LT,
HREERR AT 24T o 720 HKEUB O —R#EEEH Zkie G6-PDIULD —RHEE Mkt LT, 2D
DEFIBOMEFR, EHT H2WECE RO IR EZTRT L ERDLHI2h D 7,
_ _kl-k2 A0 kI (] — ekt .
C= o (k2 (1—e*1)—K1 (1—e*2)) 1
WSRO SO R & 70 2 sTIT AT BRSO KLEE CREZ KDL 2 EFTEET,
e L3 1 & 2 MM LS 0T, 2o % 200 Ly U EEN R L 25 S %KD
LeRNERDET (BEREICTINVI-AZROLFEEIMEH SN TV LD, ZOBERTRD
LI & FRE) o
k1

= ln— S
max nk2 ﬁZ

N2 ZEM L 725 DAFig. 9T ¥ o BEEEZ R/NRETR O MRS Z# T 2013 2 O
DRI O RE LB ABEMET, ki =k&2DHTLL, 4 DOHZMEEROY &, BRI

t

3.0 ; . . .
(%)
100} T " —Vm ax
=z —_ 20} .
57 1 E
g g
»”
10 TR g
E ; = 10f -
2 :
o4 i
25+t !
E 1 1 L A
r— : 0 1 2 3 4
~4 Km -3 -2
log (ATP conc.; mol/l) ki1 /k2 (k2 /k1)
i ) ) ) Fig. 9 Relationship between the ratio of reaction
Fig. 8 Optimum concentration of ATP on hexokinase constants (k1/k2) ration t.. The relationship of
reaction.

the ration of the two first order reaction consants,
the first order reaction constant of the HK

reaction (k1) and the G6PD reaction (k2), and the
time of the most reactive point, the second differ

ential value becomes 0 shown in this Figure.
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I$HK 747 U/L. G6-PD 287 ULORMNT. 4 DI In 2 T3 LN TE T L7,

4) Z DAL EE
O Mg

HKIGVE Mg D FEAE DL E T o MgCLIEEE & HKSUGHEE D4R % Fig. 101C/R-R L7z B0, 4.0
mmol/LASZEE T L7z,
(@ NH.SO.D{R A

WERER S LTk 7 v E= 4 (%) BBEEHVDZ L2059 ) £ 375, SO.7 =% ~IZHK
OMEHTT (Fig. 11)o ZD72, MEEFZE DMEBERETHVWEWZ L2 BEoLEFT,
3 EDTAGN

HK 3 & O'G6-PDDOZEEVEIZEDTARINIA T K T,

1-3. ek
BIRIEOEE, MAHMOEL, 55 2 Ud % 62 WllERHE L T 5 5 EORR % &
EHEE L. BRI EORBGHT Y AT L EMALTEIREPLBELAOT, ZHMLTT SV,

1-4. [
D) HIEBESR HAAAT S 5 NADHIMA BUIS

19704E%, EIPAGIC B ERSHIIC D, =X A 2B W THKEED I E M MO 57 5 15 )7 0
WHE X VRMET L, RMEOHMIMFREOB SICHKT 2 LHP STV E L5, ZoHR#EC
NADHZ I 5 & . FEi 2Ot ER T A EE S N0 T, HRFTHIEE LTV 2HK & G6-
PDOMEEZED D &, & TORERICNADH A FHEITIINADICZAL S 2 HEELSFAE L £ L7 (Fig.
12) o SREHIZIINADHAMEE L 2\ 72, BOLEZRLIBE SN EH AT L72A%, NADHZ RIS
Ll TOEESMEEINTE L, Uk, SV a— AFEEBICBWTL . —EIRK S L 7-NADH
DU SEREDFRRFRN IR AT 2 OPEE SN F L7z EIX 2 O HHKED FIEE 2 &5 123 2 A
THRo72OTY, BEEZOEEO R WERSHHE I TET,

T T a
'E 20
~ 100} - =
B o)
ot 2
£ 15p - 3
o >
b = 110
o 50
o - J
»
'; //
=
g 25f .
1 .
, , 0 5 10
0 o5 23 1/Glucose; 10-3 pmol/l
lo g (M gClz conc.;m 0]/1) Fig. 11 Lineweaver—Burlf plots of he).g(?kjnase with 0, 2, 8,
mmol/l SO;* anion. No addition of SO,*
Fig. 10 Optimum concentration of MgClL in the HK (@—@), 2 mmol/l SO;* anion (¢——@)
reaction. and 8 mmol/l SO,* anion (O——O).

— 326 —



HEWrEEHT Vol. 38, No 5 (2015)

2) HARDFFOWROGEE DR
CO/EDO—FHFOMBIIE, 340 nmIZ BT HWICEEREIEICH ) 5 2 WINaT oWoErE % 8l
EL, LY FRA Y FERER 2 RHOYIEZHIE LT, ZOWNEEREDS 7V 2 — ZRJEE KD
TwES, BEEEHAVLEE, MEPTOLE L RS 2 WERICBBIENETE 720, =¥
RRA Y MIBIT S 1 NORSEENE CERTE T35 340 nmIZ I THEBOWE WL E LY BT %
72, 2HOBEIANRKTT, T THEHRELRESELEHRIE., 20 2 HORSEERIE DM
[INADHUAA O EEZEAL DS54 § 5 Ll A2 T X R I $720TT, 340mmIiZ TROLEEA G T 5

reagent
v TADH
g i
2
<
glucose

|

1 1 1 1

0 1 2 3 4 (min)

Time
Fig. 12 Time-course of blank reaction ( - — - -- ) and assay reaction ( ) with same reagent.
#3 ZAEME I X RO LK

HAEP T HKi% GOD#: | GODX10 | GDHi#
Glucose 100 100 100 100
D-Mannose 0 0
Galactose 0 0
Fructose 6 0 0 0
2-Deoxy-glucose 5 17 61 131
D-xylose 0 0 0 0
D&L-Arabinose 0 0 0 0
Maltose 0 2 11 0
Saccharose 0 0 0 0
Glucosamine 0 0 0 7
Glutathione 0 0 0 0
Glucose 6-P 100 0 0 0
Fructose 6-P 0 0 0 0
Galactose 6-P 0 0 0 5
Fructose 1,6-P 0 0 0 0
Glucose 1,6-P 0 0 0 0

— 327 —



/I VI S i

WEIZEY Ve Y| AETUE VRBEEICHRT AUOLESTE L2 DTY,

3) IO EN

HK & G6-PDOMBE R I HE LR L IZEVDT-WETT . £ DX —F —I3THEADHFR L EF
ERMLTWET, Lol % ZWHIZZEITEATT DRI STRA L TW R BRI R 5
HTY, AFEF v 7 FEICER L HETT oy 7 LR alzneBni 4,

4) B R R
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TYo WEFREOT— 513523 (20 212R#H) IORLE L,

5) T

ORI B, LT e FusyJ—¥ (LD) B Td o MHEHIEFIARME M TWwi 720,
FUBRIEE R IC S EEE SN T W E b E 2%, BIERFICLDE WIS THEL. TDIF
PERRENEZIC Lo TREMELE T, $72. NADLHFIEL, pHA82TH S Z L L)), NADH
WD DS EAT T A e ) 9, ZOLEEBERT 2 HIUTNADPZE v 721 . LDIEH]
(FFFIVBE) 2RNTE2HERHY E5, Lol RE 2RO ELR{LEF = v 7 L,
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1-5. 3 F = v 7k
1) NADH % {3 % 1%

AIE L LRI 2 ZREML, 2 ZIINADHAHGRE TO.16 mmol/L & 7 5 X ) 1SRN L 9, WOtz
WA IEAH B a1d, RIEELHELTT IV (Fig. 12), FRHAIISZR TRETRETT, 1.0
mg/dLLL FOREZEICERET 5% 5, 1.0 mg/dLE % 2 WEE b EEIEICTRD, S 512, RISk
WERTHD%E, ZOYSUTOZEIEE LTTFS W,

) R EMEICET A2 F 2 v 7k

EREEDPIT § 2 & SUSHBAZEN L E T, TNEBETLLELLDBENRFELTVLH
HETHIEDPTRETT . bBAHA, HENEZIT) L SHITIERICERT A2 2 LA TaEd, HK
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LEdo MEEMEOHICHEMZELBLLEL2OT, ZHLTT SV,

1-6. 45 P A BT
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12, E LTV AMEMESEOREOIEN 2 Fio TV h, WEHELZFIH L TW 2w Twi b
CHRT2720CTT, KEIIZO 200N TERMAERLTWET,

1) PB4 R
DRET T > ZHEF v 767

R ILE L 2 & BRI RMEILATRAET 5 2 L D% (b)) $F. REOBILE &) 75
MEBIELEFHMIRET T 7 OWREF v 7 2E-HL T,
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