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Table IV.—Dissociation Conrtants for Meconic Acid and Chelidonic
Acid and the Dipole Moment of Meconic Acid

Meconic Acid Chelidonic Acid

pK:
pKo 2.23 2.36
pKs 10.10¢ (10.08% ...
b 59D L

@ Titration method. ® Spectrophotometric method.

significant in view of the high alkaloidal content of opium. In the same connection,
it is interesting to note that Chelidonium majus L., in which the alkaloids also are
localized in the latex, contains chelidonic acid, another strong dibasic acid.
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Studies on the Coloration of Tryptophan by Anthrone Reagent. I.
Yuzo NAKAMURA

7 VAR VRIC X DPEOEW L S O BRSSO CL S RDOWEN S DY, B
BEEDT7 3 7 BRORENZ DSUGICEL 52 5 2 bR MDD T, ¥ T I 71 7 7 vieo X,
BREOREDIAF T KR Z 1T Ie\, T ORPE RN RR O RSS2 L 2wt F+ic Shet-
lar® (XMl rh D HHRUE RO B 7 v A v viksia AV 7o 380 530 mp 1o I o A 5
PREEED, THALY T Ty VORFICKRTEDOTHD, LEstoT7 v Ae viRKE
£ 2 MR O LRBEERICE LT, CORELERITNETHL o Erieh L, = 7=
Tuller® “§i2 2 DRILEFIA Uiz x v <2 BEHY, TibbRIZ V<2 k5B LF DD
2SR T DROBIEERE LT D, Lo LIEKRC OIIED&(E, 15428 &
U7 2/ OB S X5 B X0 TET 550, ¥ 7: 2 OB S h b GROMER Kic

*OREME 8146 B RkE
1) M.R. Shetlar : Anal. Chem. 24, 1844 (1952).
2) E.F. Tuller, N.R. Keinding : Ibid. 26, 875(1954).
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SWTIREBHMT b Tt 0T, EHEE TR OWT, MIEHKHAS I UREOBEI
IAHEAEREL, ORI S 77 VHEOEMNLEL X B EORNEDZEL
COWTETFOMREX B ARBCKT iM%~ T &, p-glucose & L-tryptophan &3
FEIIEOEE 530 mp IR W TR KDENE /R T/2dDOR#EEML Tablel o a iR
&4t b p-glucose Dffl, fookEsH, p-galactose, L-rhamnose, p-glucurone, p-fructose,
p-glucosamine ¥EfEstE /s K& HVC, Thb & L-tryptophan & Z#FAEES L CREEOHE
BT et AI b 4 a it B\ TRIREHIC DU Tk p-glucose D Ef LRI 530 mp TR’
SRR L I, = DA 530 mp DRI DU TIRIKEED p-fructose 23K TH S
EBFRB bt &5 L-tryptophan EEOME O LK E 2 530 mp BT L EHEDE
{b& W L, L-tryptophan # —%Eic LC p-fructose F & 22 5 & BRI lE L CREEE
P L, MR A —%EiC LT L-tryptophan fik sz i Acid L-tryptophan #5748 p-
fructose £ 2 5Ll iz s B L FRIC A L TR Lo & & &l .

A LB T, M e LTz Table Tiz5%3 sample Hic p-glucose 50 ¥ & L-trypto-
phan 50 v % & T KERIZ OV TR LMV RIE AR TR RD, REOREL LORE
¥ X ONEE R oL TR L. Table LIX{FASKMAZRT 0T, BoERCHAWVLHh A
FENEETD B LORE L KB OLEY L2 LD TH .

Table I T&Fait 95v/v% H,80, 100cc o7 v 2wy 0.2g b LIl l#EE LE
O 4ml T, ¥ e LT 2ml fuc p-glucose 50 ¥ X U8 p-tryptophan 50 v % &is/KEH
s 10 SRIMB LB LT, by, d $ ZHICHECTEIRLTH %.

Table I . Experimental Conditions

Reagent .
Condition Anthrone  HeSO: R(ziff_ ?t S(anrﬁp)lf) }éi?"ggcllg
(8)  (v/v%) (ml.) ' (min.)
a 0.2 95 100 4 2 10
b 0.2 95 100 5 1 10
c 0.1 80 100 4.5 1.5 10
d 0.05 72 100 5 1 15
a) Volume of aqueous solution containing p-glucose 50y and rL-tryptophan 50 ¥
> ol Fig. 1.
“é 5
=
< 4 — p-glucose (50 v)+
:‘; 3k L~tryptophan (50 v)
g- N /Sy SECZRSS. p—-glucose
' a,b,c,d Conditions of Table I
By

J60 500 B40 580 620 660 700mu
Wave length

3) L.H. Koehler : Anal. Chem. 24, 1576(1952).
4) R. Johanson : Ibid. 26, 1331(1954).
5) N.V. Carrroll, R. W. Longley, J. H. Roe : J. Biol. Chem. 220, 583(1956).
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Fig. 1 3% 4&MHIC LD 460~700 mp 123510 5 BOEEE # I Lo T, FEHIIKIIEE LT
glucose i X UF tryptophan 4% 50 HfFoBA, sk glucose O &a & s KWK % U7z
BEDORREAR LT 5. glucose r tryptophan EFEOBAIVLFh L 530 my 120 Ik A
DRDHENDA, FEDOZDOWINE KL LM a, ¢, d TiX630mp i2H 2D L, b Tt 580 mp
IR K2R B A,

D& titaks X U0'b A glucose & tryptophan :7EDH4 O 530 mw 12 #5175 2 5%
JEDNRTH D, ORI DU TR O BT 2 1T 7027, PhlKIE o ik % 5~20
SR s 2 124> 530, 630 mp (4eff: a), ds X U8 530, 580 mp (4fE b) iz 3l B WKL A
BE U7okS 5, BRI E L 72502 530 mp Sk 2GSk L, 630, 580 mp (o3
TAHBRKEIWAT 5 E0EDENIA, andair10%r, boE&IL 5 4omET, Fh
DLEME L Ba & RER . RELRE A SR CTRT LRABIAS LA XU hy
L LIS R G T 5~20 3 RIMMEL L 7c B &icon T L E Lead, Co8a L RO Em
DdDHNT. L LR TR R T L CRA LB LICO A CRBRKEOHEDIE S > X
PR E CHBMICZ LU fiE LT fructose # U TIRBED & CRIER T oo TS % A
0y, ZoOHES glucose w vy b & LFAKOFE R R L. &fFaw X v, tryptophan &
O HFEEE 50y HIFOBE» AV CRIE R T s o fsE %4 Fig. 2 i+,

{# /1 L 7- 8% p-glucose, p-galactose, p-mannose, p-fructose, L-rhamnose, b-glucurone,
p-glucosamine EMEETH Y, Fig. 3 L&D L 50y &5 B A\ o & O KIE#:
R 7Rd. tryptophan DLDIFETE, 7 v AR vilk#ic X b 530 mp 12 55U IR 23389
bR B, HOLRMOKEDOHELET 530 mp 1281 BWEITIEHICHAT S 2 LIZW LA TH .

Fig. 2.
Absorption Spectra
z (460~700 mp; condition a)
% fr : p-fructose+ir-tryptophan
= rh: rL-rhamnose + 7
S ga : p-galactose + #
é_ gl: p-glucose + ”
ma : p-mannose -+ 7
Xy : p-xylose + V4
T ur : p-glucurone + 7
: am : p-glucosamine+HCl+ 2
700my tr: -t topha
Wave length + L-iryptophan
F.g. 3.
> Absorpticn Spectra
@ 5S¢ (460~700 my; condition a)
LY
= 4f fr : p-fructose
S 4l gl: p-glucose
z ga : p-galactose
~2k ma : p-mannose

rh: r-rhamnose

Xy : p-xylose

ur : p-glucurone

am : p-glucosamine-HCl

Wave length
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Fig. 6.

Optical Density and Ratio of .~Tryptophan
and p~Glucose or p-Fructose
Wave length L-Tryptophan
(mp) (p, mole)
A a 530 14 (Y46 185 Y4, 12, 1)
A’ 7 630 v Vs
B 7 530 (e 18, Y, 12, 1) Y
B’ 7 630 7 Vs
p-Glucose
C b 530 % (o %0 Yo %8, 1)
D 4 530 o Y8 Yo 12, 1) Y

Curve Condition p-Fructose

Optical density

Fig. 4.

Absorption Spectra
460~700 mp; condition b)

gl : p-glucose+L-tryptophan
fr : p-fructose+ v
ga : p-galactose+ 7
ma : p-mannose+ s
tr : L-tryptophan+ 7
Xy : p-xylose+ 7
ur : p-glucurone+ Vs
rh: L-rhamnose+ 7
Wave length am : p-glucosaminesHCl4+ ¢

Optical density

460

6| Fig. 5.

XY,
Absorption Spectra
(460~700 mp.; condition b)

fr : p-fructose
gl : p-glucose
Xy : bp-xylose
ga : p-galactose
ma : p-mannose

Optical density

L)

460 500 540 580 620 660 700mpu rh: L-rhamnose
Wave length ur : p-glucurone
am : p-zlncosaminesHC]

O EIT hexose DAHKEDLR, L LTk p-fructose DFHL K < &L,
p-glucose, p-galactose, p-mannose DJHIZE< 5.

ik b I X SR % Eig. 4 waid” Fig. 5 GHORFET LHAORICKER TS %.
CORERN B L T D&M T hexose D&M 530 my (2T HRIUER KA R T ECNISITES L,
g L Uiz p-glucose DL R L p-fructose -2 ¥, p-galactose, p-mannose D%
BlIIsHW En@Bdbh b,
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P EDFRAD 5 530 mp WWRINAE K% & DERMEOILEF A IO TRIBLRD L. 3t
AL LTt p-fructose 23t 4842, D-glucose Nz hico & & avf ot
o Zh b DYEERT L-tryptophan O3> hic DL-tryptophan #{# A L& O HE & 2l
B3, IEERESUIGERD bR T,

Fig. 6 1Z##+® L-tryptophan kL O EWIILERAY 22 0BHOBRKE DL H BE Lic
ERYRNTLOTHDH. Gfha THEH D L-tryptophan £% 0.25pmol = —E LT, #FET
% p-fructose oii#% 1, 0.50, 0.25, 0.125, 0.0625 pmol @ 5 Bz d 2 72834 @ 530 mp &
BT BWHKIE DL E ATRL, 630 mp iIZ 31T 5 WG DE L% A CRd, i o p-fructose
% 0.25 pmol [ —%&E L C3#fFE T2 L-tryptophan o fra Az 1~0.0625 pmol 7% 7-354&
530 mp BT ARNE O A BT L. 630 mp 12 8T AR OB E B T, C@
% b T L-tryptophan ##% 0.25 pmol & LT p-glucose i [d@ERics x 72840 530 mp
b:%ﬁé%’c%ﬁ@%ﬂt&?@%ﬁ L, Dix4&#: b p-glucose &% 0.25 pmol & LT L-tryptophan

BRIy 2 e o 330 mp W RITARKIE OB A IRTLDOTH S, ZOEMOKEE
Tl¥, L-tryptophan g% —FiC LTI GA 2 2 7ot 530 mp 12310 2 OGS I8 o Bz
R UCHEBICEALTHAT 2 2 L0800 5R 5. *f??m%ﬂﬁhb’c L-tryptophan %%
e/ L-tryptophan B3 7y & X% 530 mp 12 13 WG L-tryptophan &
DY R L#i&“"[_.ﬂ' AN B LT 5 2 L ED B 5%, L-tryptophan 5 mol JEEEAS
BED 2 5 L) R is 5 S OB IR AR I pI LTk Lisys, & aic X 4 MG 630 mp 1o
B BWHLL L-tryptOphan hid — B U CHE R A 00 S B 2o 8 A3 2 AU TE AR He
U TERT %%, Bifa—ic LT L-tryptophan #4Zb S & 3iciiiz b A X —E0K
fliz s L.

£ B O B

RELHE 2x17cm o HBRAEEMTECRELZANTKKRTHMLENSLRER ML, REE BT T
R AH, [ET 2~3min MEE L THL, BFLIHE 5 SeikBhmic o LT, —ERma,
BT, WHICHKE L OKKCHRL M ZE R E T A L, 30min 72w L 1hr %1z [y EPU 2 ® 4
FHEN KT R L O Az EPS 2 5 [ 30 /0 6 6 3% JH v TG IS HIE L.

Table II. Effect of Heating Perod on Optical Density

Wave length Heating period (min.)

Condition (myp) - e
i 5 10 15 20

a 530 0. 364 0. 552 0.564 0.578

630 0.330 0. 380 0.308 0. 288

b 530 0.535 0.543 0.545 0.550

580 0. 390 0. 380 0. 380 0. 365

Sample used was a mixture of 507 of p-plucose and 50y of L-tryptophan.

INEEFROIKRET p-glucose s X v i-tryptophan # 507 % & T KIEWE # MIE & L CINBRIERT % 2o 2 Fo 45}
FOFEaRIUbREBEOERNEELF L Table iz Rz,

RELREEFR TR LIBARBSOBAB LS b MB L BA O Ry Table I iR,

B & LT p-glucose o fid hic p-fructose %A CHBEO L& TRE IR BEOBICHE B & & £ %
Table IV % X ¢ Table V wix.
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Teble 1lI. Effect of Heating Period on Optical Density

xr Heating period (min.)
Condition Wave lengh > berloc |

(myp) 0 5 10 15 20
. 530 0. 405 0. 470 0.545 0.576 0.578

630 0. 340 0. 360 0. 350 0. 302 0. 275
b 520 0.250 0.513 0.561 0.565 0.570

580 0. 130 0. 360 0.317 0.310 0.305

Exptl. method: Samples(p-glucose, 50 ¥ and L-tryptophan 50%) and reagent were

mixed vigorously at room temp., stood still, and heated.

TablelV. Effect of Heating period on Optical Density

Wave length B W}Teat}r}gwpc;mod (min.)A

Condition

(mp) 5 10 15 20
. 530 0.598 0.645 0. 665 0.679
630 0. 405 0. 393 0. 355 0.321
. 530 0.446 0.453 0. 472 0. 480
530 0. 337 0.314 0.310 0. 302

Sample used was a mixture of 507 of p-fructose and 50 ¥ of L-tryptophan.

Table V. Effect of Heating period on Optical Density

Heating period (min.)
Condition  Vave length e ,

(mp) 0 5 10 15 20
. 530 0. 482 0.570 0.615 0. 632 0. 636

630 0. 441 0. 344 0. 264 0. 227 0. 206
b 530 0.271 0. 390 0. 468 0. 485 0. 508

580 0.325 0. 320 0.311 0. 305 0. 304

Exptl. method was the same as that of Table IlI, except b-fructose

was used instead of p-glucose.

Summary

1) Conditions necessary for the strongest specific coloration were examined for
application of anthrone reagent to aqueous solution containing 50 v of p-glucose and
50y of L-tryptophan, and the amount of reagent to be used, concentration of the
reagent, and period of heating were determined.

2) In optimal conditions and in the presence of an equal amount of p-glucose and
L-tryptophan, the optical density was found to become the maximum at 530 mp.

3) Optical density was measured in a solution of equal amounts of L-tryptophan
and several kinds of sugars other than p-glucose. The result same as that described
in (2) was obtained with hexos s and p-fructose showed the greatest absorbance.

4) Quantitative ratio of L-tryptophan and sugar in the sample solution was changed
and variation in the absorbance at 530 mp was measured. When the amount of
L-tryptophan was made constant and the amount of p-fructose varied, absorbance
increased linearly in proportion to the increase of sugar but when the amount of
p-fructose was made constant and the amount of L-tryptophan varied, absorbance

— 63 —



64 (1962)

did not increase proportionally unless the amount of L-tryptophan was twice that of
p-fructose.

Tvarvk#ic a1 ) 71+ 7 » v O RORIGCET 2078 GF 2 g40*
03 ek

Studies on the Coloration of Tryptophan by Anthrone Reagent. 1I.
Yuz0 NAKAMURA

WEITHI T, ~F Y —AELDI(ET, PV T Ty T v AR VIREKIZ LY, SR el
(ﬂé’nﬁ‘fxmﬁvcokxf, PRGSO, BEoMELZ X A2WORE o G Te B 0N E Y o
7 vV E O EWIER D 2 2 7B 5 DWW O AL oW TRES AU ic bl i U 7eas, AT
FY STy VRSO AR ISR D I8 7 3/ RIconC, ORI
T TR R NI

S —ADT VAR VI X AHE(NIC W, Morris? (RIRIVENIETE LT L
T SR A Y, Bfic Shetlar®, Tuller 29 s L OV &S0 W cW 607 X 5,

FU 7 YASEET A L XL 630 mp (S ks AWOGIE A L, 530 mp (S WL RRA A A
Sk 4. Tuller 489 (O ARFIZ X AMIGCE L 7 2/ BEOMYZ oW T, YT

P VOIS, Ve T T v IO e R LR, v = AT T = IR
Table 1.
Wave length (mp)
Sample - - - S -
530 550 580 630
glucose 0.170 0.210 0. 300 0. 420
gln. +glycine 0.170 0.212 0. 306 0.420
glu. +pL-alanine 0. 165 0.229 0. 303 0.416
glu. +pL-valine 0. 165 0.215 0.317 0. 431
glu. -+ pL-leucine 0. 167 0.211 0.323 0. 430
glu. + pL-isoleucine 0.171 0.210 0. 305 0.414
glu. +L-serine 0.168 0. 209 0.316 0. 415
glt. +oL-threonine 0.165 0. 204 0. 300 0. 410
glu. +-L-phenylalannine 0.170 0.210 0. 305 0. 413
glu. +L-tyrosine 0. 165 0. 204 0.310 0. 414
glu. +1-glutamic acid 0.162 0.202 0.310 0.421
glu. +L-aspartic acid 0.160 0.201 0. 300 0.417
glu. 4 L-proline 0.180 0.218 0. 308 0.410
glu. +1-hydroxyproline 0.180 0.212 0. 300 0. 408
glu* +prL-methionine 0.182 0.225 0.326 0. 446
glu. +1-cysteine- HCl 0.168 0.210 0. 307 0.428
glu. +L-arginine- HCI 0. 160 0.203 0.321 0.433
glu. +1-lysine- HCI 0.158 0.210 0.326 0. 429
glu. +L-histidine - HCI 0.165 0. 205 0.313 0. 430
1) D. L. Morris : Science 107, 254(1947). 2) M.R. Shetlar : Anal. Chem. 24, 1844 (1952).

3) E.F. Tuller, N.R. Keiding : Ibid. 26, 875(1954).
LR BL % 6 IS Rk
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