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Biochemical Assessment of Vitamin B;, B;, and Bs Nutritare
by Coenzyme Activation on Erythrocyte Enzymes

Bum Suk Tchai, M.D.

Department of Biochemistry, and The Institute of Reproductive Medicine and
Population, College of Medicine, Seoul National University, Seoul, Korea

It was attempted in this study to assess the vitamin B), Bi, and Bg status in tissue by determ-
ination of erythrocyte transketolase (TK), glutathione reductase (GR), and aspartate aminotrans-
ferase (AST) activities, and their activation by their’respective coenzymes, thiamine pfrrophosphate,
flavin-adenine dinucleotide, and pyridoxal-5-phosphate.

The activities of erythrocyte enzymes were stable for more than 30 days when erythrocyte had
been stored at —20°C and affirmed - that the enzyme activities were more stable in the case of
deep frozen sotrage of erythrocytes rather than hemolysates.

The assay procedures involving ultraviolet kinetic analysis with continuous monitoring for each
of enzymes have good within-batch and between-batch precisions and will be avalable in the
routine laboratories for the nutritional and clinical surveys. 7

Activity coefficient of TK, GR, and AST was studied in healthy medical students (fifteen men
and twelve women, between 21 and 30 years old) on an unrestricted diet. The mean activity
coefficient of TK, GR, and AST were 1.18, 1.35, and 2.0l for men, and 1.14, 1.33, and 1.83
for women, respectively. And the upper limit of normal (mean+2SD) were 1.52, 1.69, and 2.61

for men, and 1.50, 1.61, and 2.37 for women, respectively.

, aejme ekl GFEAH Hrhe zYdd A9
M E o slekale & AW FYshE ol whdAee 4
L old B ¢t dARFAd Ede] go
v, Gz AE 43 QAAANA YT gk wel
ule] g FHPE AL 23A 4E dol ohir.

2Ev AET Qe ¥EM B1 (thlamme), Bs
(riboflavin) % Bg(pyridoxine)® Z&4 2 A43te
24 Eael 49T AL L EAsa Yok
ol F4 FAL A 2E4Y in vitro A7kl &5
This investigation received financial support from %7}5]® thiamine pyrophosphate(TPP), flavinadenin
World Health Organization. . dinucleotide(FAD) ¥ pyridoxal-5~-phosphate(P-5-P)

A4 ekl e E ks goA, B
Aoz PadAw 23, €4, B £49FY e
2 o] F WAMEES] Aol 9 WL N EH o2 o
H4¢ AR ga, 444 2ARAAL wells
= J §% 9k $hx] FEILo g ol slzhE iyl o= Ay
o wlebal AGAe§ Hrhehe 2L ehdA Z3gleh

(212) —24 —



A in vitro A7t A A AT 29 transhetolase
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1. Transketolase &89 &3

(D trisChydroxy methyl) amino methane buffer
(Tris-HCD), 0.1M, pH 7.6 at 37°C..

(2) D-ribose-5-phosphate,
14.4mM in Tris-HCl buffer.

(3) thiamine pyrophosphate chloride(sigma <}), 10
mM in Tris-HC! buffer, 483 zaA],

(4) P-nicotinamide-adenine dinucleotide,

disodium salt(sigma }),

reduced
form, disodium salt(sigma 4}), 10mM in Tris-HCl
buffer, AF&AA 24,

(5) a~glycerol-3-phosphate dehydrogenase / triose
phosphate isomerase(GDH-TIM) suspension in afnm-
onium sulfate(sigma A}, GDH 1039 U/m), TIM 11, 446
U/mDE Tris-HCl buffer 2 64 214359 44(GDH
&4 : 173U /m], TIM: 1908U/ml)

2. Glutathione reductase &2 &X

(1) potassium phosphate buffer, 0.1M, pH 7. 4 at
37°C.

(2) ethylenediaminetetraacetate, potassium salt(wa-
ko AP, 75mM in distilled water

(3) nicotinamide-adenine - dinucleotide phosphate,
reduced form, tetra sodium salt(sigma 4}), 2mM in
A 2A.

(4) flavin-adenine dinucleofide, disodium salt(sigma
AF), 300uM in distilled water, 48 =A =24, Fo
2HE 247

(5) glutathione, oxidized from, disodium salt(sigma
A}), 75mM in 50 mM NaOH solution, 4 @ 21 =)

1% sodium bicarbonate solution, 4 3§

3. Aspartate aminotransferase &4d2| &3

(1) trisChydroxy methyl) amino me:thane buffer
(Tris-HCD), 0.1M, pH 7.4 at 37°C.
(2) :aspartate-MDH-NADH  mixture, L-aspratate

mono potassium salt(sigma A1) 4g & 100ml e} Tris-
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HCl bufferd] £ 47x,
ammonium sulfate, sigma 4}, 10,000U/ml) 404! ¢}
NADH 15mg-¢ A7, 4844 zA.

(3) 2-oxoglutarate, mono sodium salt(sigma AP,
360mM in Tris-HC! buffer

(4) pyridoxal-5-phosphate (sigma 4), 8.1mM in
Tris-HCl buffer, 4&d3A %A, WA}

malate dehydrogeease(in

dady
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1. Transketolase BM2| &%

TK 249 3¢ 2.4ml 9 ribose-5-phosphate £
o 0.0Im! ¥ hemolysate, 0.01ml¢] GDH-TIM £
g 0.1ml¢ TPP 44& Frtstd 37°Coll N 1587

incubation A171F 0.05ml'¢] NADH &-¢ 3713l
ZA 340nmel 4 537 4k-¢ £xF 23359t} basal
activity 91 &% 4 0.1ml¢] TPP &4 0.1ml9

Tris-HCl buffer 2 wiAlslg o, 2.56ml ¢ Tris-HCl
buffer &} 0.01m! €] hemolysate &L reference &
8kl  basal activity(—TPP)¢} stimulated activity
(+TPPYE A EA ¢ 3389k

WkS-EgA A9 T 24EY #F55LE ribose-5—
phosphate, 13.4mM; NADH, - 195:M; TPP, 389uM;
GDH, 673U/liter; TIM, 7, 424U /liter o] g o},
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=4A X 12, 360U/ml

2. Glutathione reductase £42 &3

Glutathione reductase B4 &4.& 2.0m! 2] phos:



phate buffer el 0.1ml%] hemolysate, 0. Iml ¢ GSSG,
0.1ml ¢ FAD % 0.05ml ¢ EDTA £9¢ A73 F
37°Cell A 1537} incubation 3k 4] 0. 1ml ¢} NAD
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ASTZA9 54-2 0.2ml ¢ hemolysatesl] 0.02ml
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Ao, 2.82ml 9 Tris-HC! buffer 8} 0.2m! ¢ hem-
olysate E3§ -2 reference & 3t} &3k},
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mM; MDH, 3,576U/1 NADH, 1984M; P-5-P 54uM;
2-oxoglutarate 12mM o] g &},
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Fig. 1. The effect of deep frozen storage of eryth-

rocyte on transketolase activity (A) and
activity coefficient (B).
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Fig. 2. The effect of deep frozen storage of erythr-
ocyte on glutathione reductase activity (A)
and activity coefficient (B).
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Fig. 3. The effect of deep frozen storage of erythr-
ocyte on aspartate aminotransferase activity
(CA) and activity coefficient (B).
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Table 1. Within and between-batch coefficient of variation for ernthrecyte transketolase, glutathione reductase

and aspartate aminotransferase

Activity

Achvity
Without with coefficient
coenzyme coenzyme
Transketolase within-batch 5.0(2)% 4. 3(2) 0.08
between-batch 3.5(7) 5.6(9) 0.07
Glutathione Reductae within-batch 3.1(5) 3.4(9 0.04
* between-batch 2.3(8 3.9(5) 0.05
Aspartate Aminctransferase within-batch 1.6(2 3.3(3) 0.03
between-batch 2.6(9) 4.9(10) 0.05
* Figures in parentheses are the results reported by Bayoumi and Resalki®.
T gdeh 2 Ag dald &5 TK, GR @ AST A Ak st ool wppAerhE Ag ARG
ol Afol=® 35 Y AFAL F ELDAL 2 F =
A HAL A A9k, activity coefficient 9]
SE Y4Aen $5¢ 4 Aol chigenz Ag 5. =¥ BE=
79 M5 uate] hemolysate & 7 $-irch vlebel ] = TK, GR ¥ AST &4 &34 &xis+& within-batch
Table 2. Erythrocyte transketorase activity and the effect of coenzyme
Male Female
No. activity (unit)* activity** activity Cunit)* astivity™*
—TPP +TPP ccefficient —TPP +TPP coefficient
1 43.3 49.4 1.14 37.1 49,4 1.33
2 30.9 49.4 1.60 49.4 49. 4 1.00
3 49.4 55.6 1.13 49.4 49,4 1.00
4 37.1 43.3 1.17 37.1 3.3 1.17
5 49. 4 55.6 .13 37.1 49.4 1.33
6 49.4 49. 4 1.00 24.7 37.1 1.50
7 37.1 37.1 1.00 49.4 49.4 1.00
8 37.1 37.1 1.00 37.1 49.4 1.33
9 43.3 49. 4 1.14 37.1 37.1 1.00
10 43.3 55.6 1.29 37.1 37.1 1.00
11 49.4 55.6 1.13 49.4 49.4 1.00
12 37.1 43.3 1.17 49.4 49.4 1.00
13 30.9 43.3 1.40
14 30.9 43.3 1.40
15 30.9 30.9 1.00
X 40.0 46.6 1.18 41.2 45.8 1.14
SD : .3 7.7 0.17 8.0 5.5 0.18
SE 1.9 6.0 0.05 2.3 1.6 0.05

* One unit of enzyme activity is expressed as
calls,

the micromoles of

#% Activity co=fficient is the ratio of stimulated to basal activity.

NADH oxidized per hour par

m! of red
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72 3} coefficient of variation 02 Al ALE ¢l oH]
Table 1o v}elrbglel. Bayoumi . Rosalki®$) 7é34-
Wz 2w TKS 3% 2 239 A5 471 &
within-batch coefficient of variation & 7+ GR94-
AST 9 7% f-AH5t zh-4 vhebdl 9f vb. 2201} between-
batch coefficient of variation & & A& Axst 4
A R gg Fon ol F4&FAe] aAFY g
ol ZlelekE Aoz A=

4. 3 & A

21~304) Afo] ol A o <h4 27 (B 159, o
A 12909 A 53-? TK, GR ¥ AST Y Zsl 254
A7t 3t ol % E49 FA Fd TA4F AHF A
7t Table 2~49) 75t

TK 9 7 -9-(Table 2) 3}%@4 HFEAE E4 40.0

Table 3. Erythrocyte glutathione7reductase activity and the effect of coenzyme

units & 7 41.2 units ] § I activity coefficient ¢} 3

T#L A 1.18(18% activation),
activation) 0. & A 4}2] 9]
7 1.52, 1.500.2 gsiq]

3 1.14(14%
A8FA (mean+2SD)-8-

@y

. o] A3+ Bayoumi ¢}

Rosalki®, Smeets 57 ¥ Dreyfus!®%o] ®udl 33
9~13%9] " acitvation(activity coefficient 1.09~1.13)
3} vl aste] & A7t g Aok, BAR] AL o]

£4 20~23%2hE mwsh Fol s} et
GR 9 ZA$(Table 3)E E4£HAHY

93. Ounits 7 126. 8units 2 o 2] 7

2geh 289 2854 F45 Al

kel
o
39

R

el & 3

activity coefficient 7} W= 1.35 4=} 1.330.%

7 geeh W A4 Jea

873 03: afl
Hoo 3L

(<]

23k

YA 1.69, o=

1.61o]g9ek. o] AslE Bayoumi 9 Rosalki®] 33

32%9] activation 3+ 76% 9] A A3

Aol et

AST(Table 8] A% &
units ¢ A 61. 7units ©] I

A H #

£249 HFAE ¥R

activity coefficient & 3F

AT

52.2

Male Female
No- activity(Cunit)* activity** activityCunit)* activity**
—FAD +FAD enefficient —FAD +FAD coefficient
1 96.4 127.6 1.32 171.1 175.8 1.03
2 64.3 76.6 1.19 110.6 156.9 1.42
3 108.2 137.5 1.27 94.5 144.6 1.53
4 77.5 126.7 1.63 124.2 158.8 1.18
5 130.4 150.3 1.15 120.9 166.6 1.38
6 87.9 138.0 1.57 133.3 165. 4 1.24
7 88.9 116.3 ©1.31 109.6 152.2 1.39
8 98.3 123.8 1.26 115.3 155.0 1.54
9 146.5 162.6 111 138.9 180.5 1.30
10 83.2 120.0 1.44 138.0 191.9 1.39
11 106. 1 120.1 1.19 134.2 169.2 1.26
12 101.1 107.8 1. 19 120.9 176.8 1. 46
13 72.8 107.8 1.48
14 59. 6 96. 4 1.62
15 73.7 107.8 1.46
X 93.0 121.3 1.35 126.8 166. 1 1.33
SD 23.7 21.3 0.17 19.5 13.5 0.14
SE 6.1 5.5 0.05 5.6 3.9 0.04

* One unit of enzyme activity is expressed as the micromoles of NADPH oxidized par hour per mi! of red

cells.

*¥ Activity coefficient is the ratio of stimulated to basal activtty.
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Table 4. Erythrocyte aspartate aminotransferase activity and the effect of coenzyme

Male Female
No. activityCunit)* activity** activityCunit)* activity**
—P-5-P +P-5-P coefficient —~P-5-P +P-5-P coefficient
1 36.1 96.7 2.68 69.9 111.9 1.60
2 80.4 145.1 1.80 54.2 106.0 1.96
3 64.1 114.2 1.78 67.6 110.1 1.63
4 68.2 131.7 1.93 57.7 113.6 1.97
5 61.2 110.7 1.81 49.5 101.4 2.05
6 35.6 94. 4 2.66 54.2 99.0 1.¢
7 57.1 113.6 1.99 72.2 132.3 1.83
8 45.4 80.4 1.77 49.5 85.1 1.72
9 62.3 111.3 1.79 48.9 90.3 1.85
10 51.3 98.5 1.92 133.4 159.6 1.20
11 35.5 81.0 2.28 40.2 85.1 2,12
12 54.8 95.6 1.74 43.1 92.6 2.15
13 39.0 81.6 2.09
14 43.1 86.2 2.00
15 48.9 91.5 1.87
X 52.2 102.2 2.01 61.7 103.3 1.83
SD 13.5 18.9 0.30 24.8 21.4 0.27
SE 3.5 4.9 0.08 7.2 6.2 0.08

* One unit of the activity is expressed as the micromoles of NADH oxidized per hour per ml of red cells.
** Activite coefficient is the ratio of stimulated to basal activity.

A 3 7] 2,01, 1.830]giek. AR A
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