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New Inhibitors for the Blastgenation of Human Lymphocytes
Isolation from Edible Mushrooms

Takenori Mouri. Tuyako Murahara, Hiroyuki Kayama and Nakao Ishida*

Some of mushrooms have been commonly known as healthful diet. In our efforts to
obtain immunologically active low molecular substances from edible mushrooms, two
compounds were isolated as effective inhibitors of DNA synthesis in human lymphocytes
stimulated with phytohemagglutinin. They are r-L-glutaminyl-4-hydroxybenzene [v-GH
Bl from Psalliota bisporous and lentinacin  (or ertadenine) from Lentinus edodes.

Isolation of the former active principle was performed as shown in Fig. 1. The
effective compound from L. edodes was isolated by almost the same procedure. It
showed very similar IR, NMR and mass spectera to those of lentinacin and was
identified by means of paper chromatography (Rf: 0.45, #»-PrOH/conc. NH,O0H/H,O in
a ratio of 6:3:1;0.22, 7-BuOH/AcOH/H,;O in a ratio of 4:1:5:0.15, Py/AcOEt/
H.O in a ratio of 10 : 4 : 3)and paper electrophoresis (moving distance for anode : zero,
pH2.8, HCO,H ; 6.2cm, pH4.4, Py/AcOH : 8.5cm, pH7.5, (E;N) .CO, ; 10.5cm, pH9.0,
Na,B,0,).

The principle from P. bisporous was more immunologically effective and exhibited
the characteristic UV absorption (i?ﬁg?: HCL i @ 246, A% NaOH nm @ 250, 2832 nm : 246)

ascribable to a phenol group and IR bands (vX¥ielem™" : 3270, 1645, 1610) attributable
to an amide group. The NMR spectrum in deuterium oxide containing a smll amount
of ammonia showed signals at § : 7.11(2H. double, J=9Hz), 6.64(211, doublet, /=9Hz)
that correspond to 1,4-disubstituted benzene. The presence of a glutamyl group was
indicated by signals at 6 : 3.34 (1H, triplet, J=6 Hz), 2.40 (2H, mulitiplet) and 1.90
(2H, muliiplet). The mass spectrum showed the major fragmentions at m/e : 109 (p-
hydroxyaniline) and 84 (pyrrolidonyl cation). These spectral data coincide with those
reported for y-GHB. Therefore, for the purpose of confirming the structure, synthesis
of this compound throug ha new route was undertaken. An acid azide solution (AcOEt.
200ml) was prepared according to Waley's procedure from N-carbobenzy-r-L-glutamyl
hydrazide (7g). To this solution a solution of p-hydroxyaniline (3.5g) in ethanol (100
ml) was added and the mixture was allowed to stand at room temperature, After remo-
val of the solvent the residual mass was extracted with methanol and the solution was
hydrogenated in the presence of palladium carbon to afford r-GHB (1.02g. crystalyzed
from water). The product was identical with the natural compound in all respects ; mp
211~212°C. [a:]'zg=33.()(c=1.54, 2x HCI). -GHB exhibited low toxicity (LDy, : 5g8/kg)
and 84% inhibition of phytohemagglutinin induced human lymphocyte blastgenation at
a concentration of 4ug/ml (Table I). The effects of v-GHB on the delay of skin homo-

graft rejection are now under investigation.
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1. BEMES LUERHE BEEEE. RJVvAVFE, R/v4FVE TI/ & XU
r-methyl-L-glutamate {277l G2,

v-GHB 2t ERFILBOTAR L.

<y ¥ av— 24 (Agaricus bisporus) RBERFIZBOTEEINLZSDOTHY, FEEOEEZE
HTH—-ICRET LS A2 .

2. SWAHE 1) % 0OEERSE Dowex 1 X8, 7 Dowex SQWX 4 22 H 54 7
BTt 7 —IcEk o7, BEBARRIFRLIFEY —F. BLUKEBERV:.

A5 LpoDOEMRMTONT. BUEMENEF (139F) 2L, 260nm OWRIEREL,
E— 2 CRZESZED. EHRABTBE LL, 55, AR L2Lo0BNEE. o0
260nm DAL E 250nm B LT 280nm QBIRE O (E.o/Eugy, Eugo/ Ezeo) 124 o7z

2) R—W—27 0~ 357 4—  BHEFRE No.51 ZFL, {ABFRIT 41 : n-propanol-conc
NH,O0H-H.O (60 : 30 :10) ® #2 : isopropanol-conc HCI-H,O (65 : 16.7 : 18.3) ; #3 : saturated
ammonium sulfate-1M sudium acetate-isopropanol (80 : 20 : 2) ; #4 : n-butanol-acetic acid-
H:O (4:1:5);25: €Y Y v-ErBxF2-H:0 (10:4:3) 146 : K7 2 / — BB,

D FEEI/o= b7 774 — DEAE-vro—2 (H¥TER) H20RYY a5 -G (E.
Merck &) 2R 7o, @iERi284 : n-butanol-acetic acid-H.O (4:1:2) ZH 7.

4) PHA $E{BHERIEOMED £ b - ) v KREZI0EES v YRR+ 41 RPMI 1640
¥ty (GIBCO #3) icigdd ¢, =4/ o7 — 1+ (NUNCHE) thoiELL. 1y.oadb
1x10° o#feEsE L. PHA 0.1x THELZ (2F8% 0.1ml £93). #lEik, CO. I3
& 37°C, 65 Bys#®%. 'H-7 1 ¥ ¥ 0.1,0 L. o1 THMEEROMBAR~OID
ASERELI.
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FH~<y ¥ an—2 10kg 280, ZEDOI0OZBELETHM L, 58 KOH chfgiEaL1ol
OB ER:. TD% Fig.1 1TRTXICEGERGBEEEETZEEL. Dovex1 X 8DH 5
LATREBELE.

A7 LCEEFANLCEE DD 260nm ICBRIREZFT2HHOBE (WNHEXEERE, UVinm S8
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) 12723,400 TH»72. €D v ¥ =
w— L REREBEA A RS Z, Dowex
1X8M6emX50cm /15 L THRBELA
BERS O Fig.2 1R T&L4
Thd. COFTCXILA VY, X7V
AFF, BV FAT 2— FHicDOOTIR
FCrEELS. Fig.2 THEHISHBER
FrEh 3% 0.00568 HCOOH T
HEh3 60T, BEBERAORSRREK
DE—I7TH5B. nHirE» o, 27V
AUV, HEZHUTIEZA NS,
BEEDESBOUV,um 12111,820 T
HYH, BEh TGS D 260nm PRY
BHESBIZERLTWS T LIZNA.
ES BT 1 2OHETEL, FAME
HHhoPERETN TR DICESDB
% Dowex 50WxX 4 (C1H) #35 4icT
Braz bl 5aBiT-1.

9. EHEAERS JUBREBEZT
~7-E4rB% HCl 7 pH6.0 ITHEEL .
Dowex 50WX 4 O # 5 4T Fig.3 {T7R
$ & 917 gradient elution EfT-7 &

Homogenized fruit bodies (10 kg)

1) extracted with 5—~10% HCIO«
2) neutralized with 58 KOH

3) filtered and concentrated

4) treated with active carbon

Substances absorbed on active carbon
Eluted with 2.8% NH:0H/50% EtOH
Concentrated

Chromatography on Dowex 1X8 (H20, 0.1
NHCO:zH)

Fraction eluted with 0.02n HCOz2H

Chromatography on Dowex 50X4 (Hz0, 3
NHCI)

Fraction eluted with 2~3NHCI
Decolorized with Norite
Crude crystals

Paper chromatography {Whatman 3MM,
n-BuOH/AcOH/H20=4:1:3)

Fraction, Rf:0.45

Paper electrophoresis (Whatman 3MM, pH7.5,
(Et3N)2COa-buffer solution, 600V, 2hr)

Fraction moved 1.5¢m towards the anode
Passed through Sephadex G-10 {H:20)

Pure principle (4mg from 40mg of crude
crystals

Fig. 1 lsolation Scheme of T-GHB from Agaricus
bisporus.
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Fig. 2 Rechromatogram of Perchloric Acid Extract of
Raw Mushroom (A. dispories).
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Fig. 3 Chromatogram of perchloric Acid Extract
of Raw Mushroom (A. bisporus).
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. . Table 1 Inhibition of PHA-Induced Blastgenation
~7EERIE Tablel &L TH-7-.

of Human Iymphocytes.

Tablel THH LM X HiC, BB LA B-6 Semole (Q0/mD) LDw (ngfed)
5 ‘7’ 3
ikt b %L PHA S M5 R T C &5 ampe MM P
EHoNDT. PEABTIc >VTRES Fraction A 750
. Fraction B 50
T27c. Fraction C 300
3. EEL-MEORE Fraction 1 300
%y a—i XD L% B-6 © pH Fract?on 2 1,000
B | ) Fraction 3 150
2.0, pH6.0, B XU pHB.0ITH 1T 5 EAH Fraction 4 150
DEGTIZG 2450m ffEiCH H, 250, 260, Fraction 5 600
280nm T B 2BRNREOHBHLOLETHESR Fraction 6 40

BETHOSEDEBHNE. =y Yab— L4
B-6 B LTHEERKICRAEy P L, HEoH
MERHBLUNOBLDERREET-TH

Table 2 Qualitative Tests of Fraction B-6

7. TOBBEEFTE Table2 L3055, &;rb , s
. . absorption 4onm
;L Her st gt 73 13 EL -
f%ﬁim,%t?)mﬂt CRIE. HoEEEY Copper sulfate reaction +
YEOEHRLIBETH M. =vEeFY v Nitric acid tests +
RIGRB#HTHS. Licd-T. 72 /EBH Sugar
TRELALEDLNS. Lil, EAHRK Molisch reaction -
HMBELLATHEQOT S/ BTEENED 3,5-Dinitrosalicylic acid reaction -
Indol ti -
=7 oNE. E%ﬁ-%bf; B-6 &M+ 5 & ndole reacmn. ‘
o Carbazole reaction +
ZAohABEBEE, 2/ VA FBXUT Amino acid
I/ EEHIIODWTR— N2 o2 5T 4 Ninhydrin reaction +
—~THHT 2L Tabled OX5THA. Biuret reaction +
Shbhb, BMELY B-6 © RfF{EIZ4E Folin reaction +
OEHEBHEOVWTNOESLGRDIERE, X
JLAVF, TI/BERBA(RTS. Table 3 Paper Chromatography of Fraction
B 72 B-6 % 0.1NHCl & & &z 100°C B-6 and Some Amino Acids
TI55 . z7- 6 8 HC1100°C T48KES I Rf val
- . Substance S values
Bl TOSBERHEN——S o=t Solv. 4
75374 —, BB/ o~ 57 4 —THA Fract B-6 0.45
OT I /EBEEBUICES. HE 84 Tng Synth T-GHB 0.45
NHBEMBBIVE I VBIC—HT B & grwﬁ . gz
enylalanine .
¢ X1 - " - ¥ - >
B@EBohf. LT 73/ BHTER Glutamic acid 0.22

(B 034 Bk Z7 o= 2777 4—) (TX
~THEY, hEHLHTITI o<+ T A
BTt E. HHRMEESLoBTIVE I YETHEIEEWHALL. bH)—HoaBHi->v
Tik. (o vERE, Bk Ve rRIE 72 Y RIBBOINLBHETH-/12OT, 72/
—WEEETILDTHS L EMY oMo,

BigE |L7c B-6 40mg % iF#k (Whatman 3MM 40%X40cm 2#) 23 LBz -T, 74 /
—n EEEE ik (4:1:5) THEELL. FEREEE, BAES > TTTELIABA 8D G4

Solv. 4 : n-butanol, acetic acid, H.Q (4:1:5)
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BRIOSLES) T, olt=vE V) yREBESS (Rf=0.42~0.5) 2HHRYH. 5~6
%7 re=TkK 30ml) CTHM LA, Hl® (15mg) BMLOBEHRADFER s o574 —T
HB— Thotc (€)Y Y BB xF: K=10:4:3. Rf=0.50, K#aFl 7% /-, Rf=
0.31). L&»L. ZoOHELAHHRLY pH7.0 DELTOFRESERIKET, 2202R#y %5
ZI-DOTELICAELA. HEA2FEHR (Whatman 3MM 46X%17 2#0) >, pH7.5 (Y =
FnT I v-piEE buffer) T 600V, Zhr kL., BAMBK, =) vRENEHILBED
%7 vE=7THHL. 8o/ bD (6mg) % Sephadex G-10 # 5 4T BLT. 240nm
CRRATTESEED 4mg OFHINKBEE..

BREELL B-6 0%ARWIR, HisMr, NMR =27 biv, mass A7 b X DEIELA.
Z@i2, IR 11 3270, 1645, 1610cm™ £, NMR 2 ~2 F 2 T86.64 & 711127 FHh2H
@ doublet AH Y. NSFIrFEFHE_ELOXN V¥ Y BOBEENSEZ LN, BRSO
—I7RBExIEITNEIVEBOINE—-HTRITLIDS, /3 28XV rvosrra I vEEE
hEEZoh., ThoDZl ERBTRARZ b AOBE—y (M*=238), 7354~ FE—2109

(o= -0n). 8L 070) ik THBERTL B LB,
H

Y U7 B-6 ORESMMTETI>&C, 55.98% @ H, 6.05%  N. 11.62% : C,,H,,N,0,. 238,
{LER I OIFHULEBRHERC, 55.4% 1 H, 5.88% ' N, 11.76%4Tdh » 7. —J, F. Weaver®
J. Jadot 513 Agaricus hortensis 7» 5 r-L-glutaminyl-4-hydroxy benzene O 8ZHE LT
W3, BEZSOREL-AHES r-L-glutaminyl-4-hydoxy benzene & X { —F L7-.

UL, ZOBHEN PHA HEAZNHTIHE THEHLESIPBPohTUEDP-120T. O
HHEOARZTWERESE 2 BT A 2T L.

4. 7-L-Glutaminyl-4-hydroxy benzene D&%

% 9, N-carbobenzyloxy-r-t.-glutamylhydrazide © &% : KHCO, (13.7 8) Z&7KiEH# 70
ml IZ. 10807 vz 3 EEKRES-A FALEE ML, T 12ml @ benzylchloroformate 2 7,
EETeEEEET L. HIEBE®EIL 30ml dether T L THMD benzylchloroformate %5
WTHho 3N HCl TEHICT 2 EABEELS. 150m]l OB FATHE, FBER 1XER
Bh ) TR, BEERETS. BEE 25ml Of &7 —KEML, BELEHNS 10ml ©
%fKE F7 Va5 ~104MICMA T2 HMZEEICHET 5. # £ / — v ZBEHE 60ml 0K
EMATRBEZEML, 6N HCl 2 pH21Z2 23 THTT A LHBEELE. SEOTEREY -4
HRkiE#E pHTICZ 5 THA. 0°C T1HERE Lok, thid%mEaT 5. MAERMEZKD
SEES U Tk’ N-carbobenzyloxy-r-L-glutamyl hydrazide (mpl175~176°) 7 & (I¥ZE33.5
%) *487:. N-carbobenzyloxy-r-L-glutamyl hydrazide 7 g% 2.4~ HCI 50ml &AL, 100
m! OFEE L F A EMATE:, 0°C ([CHAH LA MNS10EE I i » T10% NaNO; KiFH 12ml
A 5. 304000 0°C THHF LAk, FBREzF »THHLTHSHDES. 100ml dx 2/ —niciE
L7 3.58 @ p-hydroxy aniline 23 CICHA. BRTERELLB—KREL . HSEDOERE
Zrinfr—4—-The, Bifizs 2/ -~ THREMBET . Dz 2 /7 — A fiH#E (300
ml) ZFEEE (ACOH/AK=1/1) %Z4mljmz THhs, 5% Pd-C 500mgDHFEET TASIET 5.
BEEFAEL, BETROACE, BELA X/ AT HEOIEDERL. IRBRELERTHE

(LK) 8, k> oBER LT r-L-glutaminyl-4-hydroxybenzene 1.028 (IX316.5%) %
87,
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EicHEL ey v av— L FEERDOHEL B-6 &, SFICTHE/ r-GHB > T PHA
&L IHEER 7.
5. PHA $HFEFEGICKT 2 MGER

5 FVIRETEICE L - ) oK 24) ICEUT, FEEIOMBILE B-6 AR
T L7 r-L-glutaminyl-4-hydroxybenzene {(Z DWW T DOiEEEA T~/ gH L, Table4 0
ELTH3.

LORRM S 4v/ml T PHA $FE(L08s%I#T 3 2 LB onhik.

AERIZTEIE L. r-L-glutaminyl-4-hydroxydenzene (r-GHB) ODFEMBIEIc X ABEEZE~
JoEEREZ. Tables DT EL THB.

Table. 4 Inhibition of PHA-Induced Blastge-
nation of Human Lymphocytes

Fraction (r/ml) Inhibition (%) Table 5 Inhibition of PHA-Indrced Blastge-
nation of Human Lymphocytes

Fraction B-6 400 100
Fraction B-6 40 100 Concentration (r/m#) Inhibition (%)
Fraction B-6 4 85 0 _
Fraction B-6 0.4 42 4 0
Fraction B-6 0.04 35 40 89.2
Synthetic T-GHB 400 100 400 100.0
Synthetic T-GHB 40 99
Synthetic ™-GHB 4 67
Synthetic ™-GHB 0.4 27
Synthetic T-GHB  0.04 15

COERLO 47/ ml TELICMEIMBRE SN, 7 v-GHB 40v/ml % PHA ji#i 0, 12,
4B XS EBICENL BEOEEREZ B, WTFHOBAIT L 90%D Lol HERL

Fa
Ie -

B H T AEEBREOMYER. [EESHSC OO TROEARERSILHETS.
6. Twall—atho y-GHB g E

AFZVEHRIn= V574 —1&-T, »yvvan—ntrdsnd r-GHB 23T LE.
r-GHB 1245 2SI OO TEATBINDS 45nm KHpA3T &b, r-GHBOEBRMOE
Ficd 5. r-GHB 11.0~16.1umole/g dry weight, -GHB 04 F &2 238 ThH 5,5, 11.0mg
/g dry weight = v Y2 Vv — L QEYBAEFI 8.4 % LT, HEFEHYD 0.15~0.24mg (27
5. LOBHIE= Y an—2s0RDPOBERS, 0EAIE, R VAFVEHICEELTHL~5
BEENLETHS.

L

2y v av— b (Agaricus bisporus) FEAEDBEREMMNEE Dowex 1 X 8, Dowex 50W
XA4#5LEZRWTCHETAL LTI, T2/ —ABEEELIS I VEZ I VEBEZAUESZEL. T
OEMCIEE b - ) v RO PHA hFLinEERABED ohiz. COEG%E A 4 » ZBRETH
L%, HEL.. MELZIPHESKIIXVERLIIHHEICPNWT, =N —J o<t s57
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14—, BRI o=+ 37 4—, ARERICLS BERIGNEZET»72. £/ IR, MNR, mass
2RV NBED BEMMTOHE, BRI Yo7 )vThHy, T/ ESHRBIVE
IVEBTHAZLEED/. Litd-T, HAEHHIR r-L-glutaminyl-4-hydroxybenzene (r-
GHB) T&% 2 LHHRT 7.

r-GHB RBEEBTHEHSHOH 15BEED, v ¥ 2 v— L8 HEIZ 5.0~11.0mg/g 2HX
NTHY. EETFUZATIHETLHS. HCHEETRS EEBD N,

2y YaA—LAFEABLIUARICLOBEME LA r-GHB 1220 T, PHA RIS T 5
AHEFRAZE~, TOKR 47/ml T 30%MHL7-.

X

1) EREE GRE, SEEE, SR BETEAE, M, 248 (1966) ; 49, 699 (1971)

2) 1. Chibata, K. Okumura, Y. Saito, M. Hashimoto and H. Seki : Tetrahedron Leit., 4729 (1969) ;
Tetrahedron, 28, 899 (1972)

3) A. Tsunoda, F. Suzuki, N. Sato, K. Miyazaki and N. Ishida : Anliviral Substances, 832 (1973)

4 AMMEE, IRB=, #hSEIE. LAMK, (LAE : BEHESEE. 19, 464 (1961)

5) mEaEd, BIDR, FEHAFH, ERRE  DAREELEER, 1974, p.270

6) R.F. Weaver, K.V. Rajagopalan, P. Handler, D. Rosenthal and P.W. Jaffs : .J. Biol. Chem., 246,

2010 (1971)
7) J. Jadot, J. Casimir and M. Renard : Biochim. Biophys. Acta, 43. 322 (1960)



