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Chemical Composition of Zinc in the Extract of Zinc-Enriched Bakers’ Yeast
TACHIYASHIKI Satoshi *!, TAKAHASHI Takayasu*?, KODOI Rie*?, OKA Osamu *?

Abstract : Highly zinc-enriched bakers’ yeast (5.7% of Zn by dry weight) was extracted with
aqueous citrate buffer solution (0.2mol/L, pH5.3) to give dry powdered sample with a composition
of Nayg,Zn g (citrate) | o5(X) 976 (X =organic acids, amino acids, protein, and nucleotide). It contained
9.7% Zn, 55.6% citric acid, 15.7% sodium ion, and minor amounts of amino acids, protein, trehalose,
nucleotide, organic acids, etc. In aqueous solution of the powdered extract with pH7.2, 96% to 100%
of the total Zn was found to bind with citrate ion to form the metal complex, [Zn(citrate)]~. Less
than 0.3% of the zinc existed as metal complex with nucleotide. The 0.1% of the zinc was estimated
to exist as metal complex with amino acids. Free aqua-zinc ion was estimated to be 0.02% of total

zinc. Thus, the powdered extract and its aqueous solution differed from water insoluble Zng(citrate),
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and slightly soluble Znj(citrate)s + 2H,O both in solid state and in solution.
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T, HERSRACIEREEER D S HRSR -1 > Z i U WS 75 RE 15
SR F MRV I N, HICHz> T,
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LU THRONEEBEREEZURT S 2 IR DG,

FLER S HT © I T 2R O T 2 ) BT, 7 T
S HTE HPLC ik o2, U 2, RLNO—2Z,

*1 171278 K : Laboratory of Bio-inorganic Chemistry, Kagawa Nutrition University
*2 3 T4 )VEERE, BEIEZEHT : Laboratory of Yeast & Fermentation, Food Division, Oriental Yeast Co.
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e, BERE, DN\ T BB 0.100mol/L (3.47
%) DIFZD,OEIHKD NMR A7 MLEHIEL
(JEOL EX-270 FTNMR), ZDAXY ML # R ITEE
o e (NEEHEYE 0.1mol/L DSS & & Bk @
NMR > 7 F )V Ol > 7 FIVisE & 5 ICE ) .
NMR 7 )L OlREIIES & DERICEI DT> 72, U
>, R, High, - U U LAROSIE ICP A HTE,
5T ONYU 7 > SpectrAA-220, 7 L — AiE)
IZE o7z, MEFREIIREAERZPIMETHT Lz, =
MELBEOOWIZES > OB (BCA) #EiICL-

=5, MBEIKEMEIZY > A0 ViREEEE 7 © ) — )V
BRI L o729, £, TFABEBROENLINAXRY b
NS, FAE<E, XULAF R, ULBAF 0=
RD 7z,

FNoa TS5 74— AT LA ZXE 12.5mm
X 720mm, FEFIEL T 757 v 7 X G25, EEEIKRIE
0.1mol/L NaCl /KIZH CTH D, WL X7 NIV OHEE
(300-205nm) & A HTIENEEEE 1 mm O )L 2 HWN
oo BT DOY T, X7 LAF RIZINMRITXS
(b2 7 M, 2T FIIVBIRICE DR L 7=,

TIHEIC X DR OIRE : 7 TS hY
v 2 P4 0.005mol/L, i g 44 ¥ 0~ 0.015mol/L
(Zn/ 7 TP A 4 > =0~3.0), #EE K TES (N-Tris
(hydroxymethyl) methyl-2-aminoethane-sulfonic acid)
0.050mol/L (pH7.2) . #EHAWK D F2Hl pH 1 Zn D 0
~ 0.005mol/L. T pH7.14 ~7.06, Zn @ 0.015mol/L T
pH6.83 TH > 7= (HIERIRD A T 258 EIT—E Tl
W),

M1 A 2 EFEALTWS I T VRO NMR (I
KB5HEE VTS MY T L/ T2 0.010mol/L
(pH7.20), ZnSO, 0~0.0125mol/L, TES #Zf# % 0.050
mol/L. (pH7.2) % Z VAW D NMR A X7 b))% HIE
L7z, KEXEWE I DSS 0.01mol/L, JHIEVAWEIE D.O %
#150% 3T (f A I —E TIRR W),

BREER

I. BEITFADOMKREERDTH

BT F ZAMRIZKEBETH D, 20 1 %KIERIZ
MEAAVRIR T pH7.2 LR TH o 72, HfRITX D
6.8% DEEHDVMN A SNz, HEL DT D#E R Z Table
1 & Table 2 TR U7z, BERETF ZAHITITEIVEL THSH
LIZH LU TR 2BREDO Y T OB, METHNO 45%1C
H1=2E&BDOT I /g (Table 2) DED, PEDOAH
fe (FLE:, BFl, OV, B8 (FLNNO—2R), A
E<E, XULAFR, UVE, O3 %EEATWE,

BRI AR BIVICED LK X7 LAF R, FAEL
B, U AT OBEOHEE ¢ R T AR KA D
Wy 2 X727 )L (0.172g/5.00mL) ZHlEL, X7 L F
F R, ZAELE, UCBAA > OEERE L, 300-

Table 1. Chemical compositions and their amounts
(/m mol/100g) of powdered extract of zinc
-enriched bakers’ yeast.

Compounds Contents Contents
or Elements /% /(m mol/100g)
Zinc 9.7 148
Citric acid 55.6 289
Acetic acid 0.20 3.3
Lactic acid 0.14 1.6
Succinic acid 0.45 3.8
Treharose 2.0 5.8
Carbohydrate 1.8 —
Choline 0.08 0.8
Total amino acids 1.02 6.7
Nucleotide 1.9 —
Nitrogen 1.02 71.4
Protein 4.0 —
Phosphoric acid 1.71 17.4
Phosphorus 0.72 23.2
Sulfur 0.21 6.6
Sodium 15.7 683
1.000 \
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g
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200 240 280 320
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Fig. 1. Absorption spectra of (1) a 3.45% solution of
powdered extract of zinc-enriched bakers’ yeast,
and (2) a 1/10 dilution of (1), in the cell of
1 mm light-path

220nm QPN AR NIV OIIK E, 260nm DI/
280nm DWEHHE=A0/A20=230 kD (Fig. 1), &/ -
FUIXTLAF RPFENTND EHEEI N (ADY
A20 3 RNA T34 2.0; DNA T34 1.8.) 8, A260/A 280
M20 XDKREVOTHEKY 2/ BITDOT ML NEE
L72y (Table 2), 224-236nm OWEEZE (Fig. 1) »
MIRTXRTF REEFITHEDS LT HE, A—AD0=
0.07X100 (10 f275%R, 1 mm BV CRIE) =7 K0 7=01F
<HEEIF 1.26mg/ImLY, ZAE<EEEFREL T 1.26
mg/mLX 5mL/0.172g X 100=38.7% 7\15% 5 11 7=,
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Table 2. Composition of amino acids (/ppm) and their amounts (/m mol/100g) of powdered extract of zinc-enriched
bakers’ yeast, formation constants K; (logK;) with Zn (I), and acid dissociation constants, pK,; (—logKa1) of

citric acid and the amino acids.?

(Amino acids) Contents/ppm /n?orrrizell;if)o ¢ logK1 logKy log B2 pKat
(Citric acid) (55.6%) (289) 4.98 2.98* 5.7
Glutamic acid 3,200 2.18 5.7 3.2 8.9 9.4-9.5
2-Aminoadipic acid 430 0.27
Proline 140 0.12 10.5
Glycine 300 0.40 9.6—9.7
Alanine 1,180 1.32 4.7 3.9 8.6 9.9
Valine 320 0.27 9.6
Cystine 500 0.21
(Cystein) 8.8, 10.5
Methionine 60 0.04 9.0—9.2
Isoleucine 200 0.15 9.7
Leucine 340 0.26 5.8 3.3 9.1 9.7
Tyrosine 300 0.17 9.2
Phenylalanine 520 0.31 9.3—94
4-Aminobutylic acid 330 0.32
3-Methylhistidine 270 0.16 6.4 5.4 9.1)*
Ornitine 120 0.09 7.6 8.75, 10.73
Lysine 640 0.44 7.3 9.06, 10.54
Amino acids, total 10,240 6.71m mol™**
Amino acid content 1.02% 4.5% of Zn

*

Formation constant K; of Heitrate?™ with Zn (ID).
The pK,; value of histidine.

*%k

% Total N of amino acid is 6.714+0.21+0.32+0.09+0.44=7.7Tm mol/100g, 7.77X14mg/100 g =108.8mg /100 g =0.109%

(10.7% of total N).

260nm DILIEREE A%0=0.163X 100=16.3, A260=1.0 A3
RNA @ 40 p1g/mL IZHRERT 2D TY, 16.3X40 1g/mL X
5mL=3.26mg, &> T, BRFIZFAMETOXV L
F R (RNAME) OFZHEREL T, 3.26mg/0.172g X
100=1.9% 5572,

K A-U D 4 FEOX I LAF R #5700
S TR 326.5 S OEER T N O 35X 14 05
X7LAFRBDNOEFR 150N E 5N, Ko
T, BRIFZMEFTOX 7 LA F REED N 1T 1.9%
X0.15=0.285%, 7 3 /W N+ N=0.109 (Table 2)
+0.285=0.39%, /> T, NOEEZ-AE<HETH
1E, 72 AE<E N=1.02-0.39=0.63%, & 6.25 %5
Co&, FAUTKBEEERELT39%NES N (224-
236nm DWW NEZENB1E3.7%, E A WBENS
1% 4.2%) .

FHIZLT, UVETPOEAREZRDDE, XL
FF RO P OEHERIT 31/326.5=95%, BRETHF R
MEPDOXZ L FF RiskD PlId 1.9% X0.095=0.18%
(0.0058 mol, HNZHED3.9%). B > EHHHE=0.72

% (Table 1) XU, BEREZFZMAEF DY A+ >
DY > EHHR=0.72-0.18=0.54% (0.54/31=0.0174 mol/
100g, U & LT 1L71%) BESNTz. IMRILA X
7 NVEFITRD 2205 Offi Table 1128 L 72,

0. FMEFSIFIBFRPICEITDHERAA > OFEIK
REDIRET

1. 7)Ao ST 4 —IC&BFERA AT
AT, XOUVFTF FEDOHREERDKET
TFAREPICBT 81 4> Zn?t E 7 T A
F2, AT LFAFREOHAEERICOVWTHRT 5729
2, TFRAWEOTIrax N7 5 75 a7 72 (Fig.
2). VIVy=13~2.0 QW45 DI Z X7 N (Fig. 3.
(1)) &'™H NMR ZAXZ7 )l (2.6~2.8ppm IZ quartet
7 F)v, Fig. 7) ICX 0DV T ZEMR Lz, Fig. 2
T 260nm OWFEEIEIEE L TX 7 LA F ROBEIIC
SHIEL TS Z EM5 (Fig. 3.(2), VIVy=24~29 D
BN AXRT BV 5 e AT B OEIVESFREIIX 7 LA
FROUIOTHS9), 7ax T I LHT, VIVy=1
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Fig. 2. Gel chromatogram of powdered extract of zinc-
enriched bakers’ yeast (SephadexG-25, eluent 0.1mol/L
NaCl).

The @, A, and — indicate absorbances at 205, 220, and
260nm, respectively, and O shows Zn2* concentration/ (ppm/
1000).
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Fig. 3. Absorption spectra of the eluates in Fig. 2: (1) V/
Vo=1.3~2.3, (2) V/V(=2.4~209. Insert in (2) is an
absorption spectrum of sodium adenylate.

OIEMHIE TN —FF AT >, VIVy=12~21 13/ T
T (HEHEEIR), 2.2~3213X 7 LA F RiIZHINT 5 2
EMbno Tz,

TN O ST 5T 4 —QEsH, Zat 3 T
Wy EER> THEELEZZENS (Fig. 2), WiHRIcH
WTH Zn” 137 TR E U THET 5 SIS h
7z

1.0
0.8 - —e—205nm
o
2 —+—220nm
8206 -
5 ——260nm
2 0.4 - —e— Zn?*/(ppm/1000)
0.2 -
0.0 I T T T T T T
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Fig. 4. Gel chromatogram of citrate-Zn2" (Experimental
conditions and notations are the same as in Fig. 2.)
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Fig. 5. Gel chromatogram under acidic condition (Sephadex
G-25, eluent 0.02mol/L. HCI+0.08 mol/L. NaCl, notations
are the same as in Fig. 2.)

Z DOEBIC BT DM RO Zn?t &7 T UBEA A 2 cit
DPEEELL [Zn?T )/[cit] 1& VIVy=1.2~14 T—FKEL,
ZF D%, VIVg=19 £ T Zn*" OENHDL, TOH
7 I UBBIBE DR EDE T Zn OGFEFEEHKEL
WAL TWS, 2o &, VIVo=12~14 TlZ Zn?"
EUTUEEA A N Zn? - cit A E U THEL TS
ZEERLTVWD, —F, Zn*" Z2EORME ) - ZnT IE
W THZTORBHDETY TN Zn* T TR TE
FEGELZ. FEEICEDIERNS, ZOLRMKET
H Zn? IR TSR S UCTHEIES % &1k
SNz Zn’t - cit SERIIBHIEETH D, T LIER
HCIIREA SMEBEZ0EL TWD A, RO pH
RIAICH L T TR 72 0, RiHICHL TSR L
TWBEBN I D EL 2D Z &N, Zn®t OIRHHE
Mo R EEZ 507,

Zn®t, 7 T UM (pH7.2) OFNTNEMALICT IV
PO NT T T 14 —=%F1272E 5, WiEOREHREIZ
Ff—Tdho/m (VIVy=175), Zn’*" &7 TR %ZIR
GLERK (pH7.2) OF)Vrax ~F7 5 (Fig. 4)
TI3, Fig. 2 ITHIET 2K - HEEIEHSNTHD,
SRTERRIC K D HEREHAR DIRFHAR NN E <T2>TWa Z
EMbno Tz,

Zn’t i3 VIV =2729 b b hRNAsEENTW
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Fig. 6. Plot of absorbance at 205nm of the solutions of
Zn2% citrate system against [Zn2%]/[cit] at pH7.2
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Fig. 7. 'H NMR spectrum of a DO solution of powdered
extract of zinc-enriched bakers’ yeast (3.1% solution,
DSS=0.1mol/L)
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Fig. 8. Plot of 'H NMR chemical shift difference (/ppm) between two outermost
peaks of a quartet signal of a citrate (Fig. 7) against [Zn?"] (/1073 mol/L)
([cit] =1X1072mol/L). At [Zn%2T]=5X10"3mol/L lower value of two observed
points is that of the extract. Insert is an expansion of the figure.

FZEMnS (Fig. 2), Zn?’" O —H (<K1%) 13X
JVFF REMEEMATEIHTHEIELTNSHDEER
5N K4%EENDAEKEEHE L Zn> D
HFIECBEL T, 270~ 85 A DREHAR VIVy=
LRBEICHSNE D 72 Zn® T BOB RN A S NN Ens
MR TERN D,

B4 T (0.02mol/L HCI+0.08 mol/L. NaCl) T
O 7y Fw I AGHBICEBFIrax T 5T
{19 &, Zn?t (VIVo=17), 7 T2 (VIVy=2.1),
X7 VLFAF R (VIVy=24) DIEIZEIN RPIZIE DB
LTI L7 (Fig. 5), G100 ZAWHABFEBETH >
e, DIUBEXD VAT ROSERIEN NS =, B
SMETIE Zn? T E T, X7 LAF Rk 2 E->
TWaWIZ EZ/RLTWS,

2. BIVEEERICL DER— O T U BEAOHEKORER :
In*t EU T UMAF NS, TFRABKEML pH, [F]

U BIVIRERE TEDSHADHRICDNWT, BIVILEE
MWTHE L7z, Fig. 6 TSN Zn?T &7 T 2BD
T LODFTCH D Z EmB, TOFKMETHEL DA
12 1:1 ThdEfEmINz, dih— 7 T BRI
HAEOIZH 1: 18K Th D ZENASENTND D,

3. BEIFRHPTOER - IV BEADEREICD
(VT '"H NMR KL D5 :

FERE T3 2 KSR O igh — 7 T R SRR D AE R FE R
BRI B0, 7 TUBAF > cit ® NMR 27 F )Lk
¥ T7 b0 In?t BEAGEEERFELEZ, VT OBO
NMR |Z AyBy ¥ T T4 ADL T FIVDIBEI N
(Fig. 7. 2.5~2.8ppm), TDMiHdD 2 KD 7 F )L
DAL 7 R ED Zn®t PEERGEEEH N (Fig. 8).
T Zn2" JEEE 0.005 mol/L 12 31T 2 HIFE @A 2 (#R
INTWDEN, (bFET 7 SO/NS WHREERE T F AR
THD, Znt H%0.005mol/L. T LA 4 > H%0.010
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mol/L &75% KD ITIREFRE U TR TES 2 MA 7z
HODOHUERERTH 2,

R @ 0.010mol/L d 7 T - 7 > 7% 0.005 mol/L
O Zn?t EHFELTWIE, BEINBFT T M
Zn®t T 7 T OMERBHATK O Zn® T JEEE AT 0.005 mol/L 12
BIF 27 hERTI3TTHD CEEERZ AW
ELTIE Zn 13 100% IR L TV D), HIE L 7z BERE
THF ARKETIE Zn2t D4R 2 5m mol/L ITFHE L
THDHDT, 0.005mol/L 5 DIt¥T 7 K& L TWislt
S, BRI F 2ARRT T T2 A A > DEEE L T
N5 Zn?t 81% 0.005mol/L KX W D7y, DED, TF X
HTCIMMDOH DA Zn?t O LSRR L TnWDH Z &%
BT 2, TIT, VIUBESEERL TS Zn*" @
B BHIF 2RI 7 hERULSES 7 M ER
T Zn®t JEEE Fig. 8 ORI S FHA LD &, BT
Z D Zn?t PEEET 0.0048 mol/L 1T L7z (Fig. 8 DI
AMZR), Nk, BRETF AP T Zn*" O 96
% (0.0048/0.0050X 100, FEERFHAEZZET 2 E~100%)
M TR E 5> TWa &S /=, Fig. 8705
KO- D Zn? /7 TUBEA L OTIVIIZEF
F 1.0 £720, AKICEZTIVEEDORE (Fig. 6)
E—H LT

uhm%%ﬁx 5, BERETF A D 3.5% K Tl

n?t g [Zn(ci)]” ELTHEEL TR, I.ﬁf{:}’rj'/
%c:ﬁ&béﬁl‘/@%ﬁk@%{a\oi 96% LA | (~100%)
EHEER S N,

4. XOUVAFR (BE/X—, AT —) LA A
> EDEEERRDRIEEMSEICDINT

FERE T 2, ZAE<EIR 4% LS
FNTHET, KARNDITERDWE T T A+
CUANTIE, X LVAF RPETHo 2,

A XD X7 LAF R (RNA#HBE) S6FRIF19%
(Table. 1), BRI IZFAFOMBRERLIIA) IY—, £
JXR—DIREMTH D BN, X7 LFF RN
GIET 270 N7 5 7HSHO Zn? 13 VIVy=2.8 {i
BToAMEHINE Fig. 2, XZLFFRE Zn*t O
BRI DREEER EEET D& VIVy=28DX T L
FF RIXATP TH L u[Retk I meIng (X7 L FF
ROSEERRERIEI T 5/ 3 >-5-U VBT K=10%"27 &
7T UM AL D/NE Y ATP Tl K=10** L7 T >
HERBEETHST), Fig. 2T V/V0=2 8 Fii 4 DH 4>
O Zn*t BIZEHHA A BD 03%ITHET, Zn?t D
T OTRDOHMNI T LAF REGEHRL TS &
N7z,

5. 72X /BETERA T EDHEAEFERICDNT !
BT IR VY I O, 7= EIRU
WET D Zn?t CHBRTES 7 X BEED 1L.0%EE
T %, 472 /BB ERSIERTTEER Y 2 VBEIT S
A A BED 43%I12xI6 T %S (Table. 2), Faid 7”7

TOTREMA L DREEER D ELRMNS (Table. 2),
IFRABEWRHPTIILT I/ BED 3% DA (R A
>?0.13%) MEEEERL TWa EHEE SNz,

JI)VE X 2k Helu OREREEE R K, &HhADAE
RER K i3z n, K,=[glu][H"]/[Hglu]=10 4
K,=[Zn (glu) }/[Zn® T ][glu] = 10> TH 5., > T,
pH7.2 TIX VIV 4 2 2 O dli $h B AR O 5= fF A4 pl 8 $013
logK ’=5.7— (9.4—7.2) =3.5 ([glu]/[Hglu]=10 %4*72=
10 ~22=0.00631. [Zn(glu) ]/[Zn?" ][Hglu]=[Zn (glu) ]/
[Zn®T ][glu] X [glu]/[Hglu]=10%7 X 10 ~>?2=1035.) pH
72 TR T UBED 97% 78 cit®™ 7206 7 T2 — iigh
SR DM E R logK ' =4.97, #£> T, TOFMET
W7 TOMEHANY 2 BSARK D 30 5 TEDT W,

TIVA I O pHT.2 TOLRGERERIZ K =[Zn
(glw) 1/[Zn?" J[glu]=10%°, > T, [Zn(glu)]/[glu]=
[Zn®" X 10%°, 3.5% T Ayt CIEHh 1 4 > i
£ =0.050mol/L, Zn?* >/ )% X Vi (Table 1, 2) X
0, 7T UBPHFEELBWEAIL [Zn?f ]=0.050mol/L,
ZDHE, [Zn(glu) )/[glu] =0.050 mol/L X 10%° = 158,
JIUBNIRWEEETIVY I D 158/159 X 100=
99.4% MBI T D, —F, 0.100mol/L D7 T3t
T @ L 2 5B TUMA A 2 asdE) Tl
[Zn (glu) /[glu]=[Zn (cit) /[cit] K gu/K ¢t =0.05/0.05
X 1035/10%0=10"1°=0.032 (7 T D logK "=5.0),
DED, glu D 3.2% DHMEFRT 5, TFAFOEY
W (WA A ED43%) Hlglu ERICEET
SR L T HHAREIZ 2 A 8D 0.14% LN
TF L 7a,

6. TOTHAAADEEEICDNT :

3.5 % WERF T X KIEHR P (i gh 1 = > # IR 0.050
mol/L) TIX, M1 A > DRIBE 7 T HORIEE=
1/2 (Table. 1) XV, Zn?*T L§EERL Ty T
B A > cit 13 0.05mol/L TH D, §5&, [Zn’"]/[Zn
(cit) ]=[cit]/10 ~%°=0.05/10 >0 =5X%10% (7 T >[4k
RDAERER K =10>° (Table 2)). ft> T, 3.5% D
FERE T S 2 IRUE T TR, SRR L T/ Zn?t BT
HEN A A > DRRIEEE D 1/5,000=0.02% 125 =720,

7. MEIFRBRFPICETIERA A DR EE
AANDIRIY :

HSHRLEERE T Z KRR FIC B W T Zn? T 13IFIEE
TO L UBA LI o TWB Z ENG, Mt Hikdh
TIESHARITMREE L, Zn? T QKA1 A2 & L THET %,
pH6.5~7.5 O/NGTIE Y TOBIARICRES 2 &12/e 5,
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