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Theanine Protected SH-SY5Y Cells against Amyloid-B-Peptide 40

S I /N

Hirohisa Minagawa

Theanine is a major amino acid of green tea and it is a glutamate derived. I previously reported that
theanine inhibits aggregation of amyloid B peptide (AB) 40 in a dose- and a time-dependent manner,
which are assumed to be one of the cause of the onset of Alzheimer's disease. In this study, I determined
whether theanine inhibited cytotoxicity of AB40 against human neuroblastoma SH-SYSY. I found
that theanine protected SH-SYS5Y cells by AB40 in a dose-dependent manner. Furthermore, theanine
decreased the AP40 aggregation in the cultured medium. These results suggested that theanine prevented
SH-SYSY cell death by AB40 assembly.
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Z T AWFZEIE e M EREEILE CH 5 SH-SYSY Mgz FvC. A f40 12 X 2 M5t
55T 7= ORBIIOWTHRE Lz TOME. 77 =213 AB40 12 & 2 M5 % i B
PAFIZHIHI L. 2 OBHEE LT A B40 M DTEBINHITH 5 2 L 2RI L7,

ES YR
1. AB40BRDIFAN

A B40 (T F FHE) %2 001% 7~ E= T AKRICHEM LT 125u M A B40 M ZER L 720 20
TR /N RLE OB (CS120GXL. HITACHID) 12T 540000 X gv 4°C. 3 iR L8
L7zo alsBEts, RiEZ DXL T % £ T -80C THRAE L 726

2. fHRIEE

b MRS T 5 SH-SYSY Miliaid. 10% ¥ VG EIE (Thermo Fisher Scientific)
BLUO1% R=Y) ¥/ AL T M3 A ¥ Y (Thermo Fisher Scientific) 2L 747 v
Ny IYEA — 7 VEHL (Thermo Fisher Scientific) %8785 & LT, 5% CO 37C D5
TR L 720

3. SH-SYSY fHENAMEERICH KIFT AB40 BXRUT 7 ZVEEDEET

10cm ¥ ¥ — L IZTHE#E L 72 SH-SY5Y Mg % 96well 7V F ¥ — 7L — M2 1 x 10Y/mL O
MNP BECTHEME L, 5288512 C 16 IR 28 L 72, €0k, A B40 VI 7213 1) & MRkl
PAWAKIER L7277 = (KBfts) & 75 % bovine albumin fraction V (Thermo Fisher
Scientific) %M L7z OPTI-MEM ¥:#h (Thermo Fisher Scientific) T5% CO 37C. 48 I
BIALEE L 7=,

By ABA0 EROBAGEEEE 00 10, 500 1004 M. 77 = ¥ O EEE 0. 10, 50, 100
500uM & L7z,

4. AB40 [CXT BT 7 = DHEIREER DR

96well 71 )V F ¥ — 7L — M2 1 x 10Y/mL OMKLHEE T SH-SYSY Ml % #HE L. B85
HC 16 RERBE A8 L 720 SH-SYSY Mifle 2 A B40 7% 5 N7 7 = VW & 75 % bovine
albumin fraction V 21 L 72 OPTI-MEM ¥:3#12T 5% COs 37C. 48 BFRJALEE L 72,

By ABA0 DERAEIRIEIL 50 u My 77 = ¥ Oigf&iElx 0, 10, 50, 100, 500 u M & L7z,
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5. MTTAIC KD EHRRD®EE

SH-SY5Y #il g o A Mg oM MTT 312 TB S o 720 AMILZ K3 % 96well 71 )V
F ¥ —7L— F®OPTIMEM £l % B2 L, 10% MTT 2 &L ¥ WXy 2 [ — 7 Vi
HIZRZHL T5% COs 37C. 4RMRER L7, TO%, 10% MTT 2 &L ¥ VX y 2%
£ =T VEZSEEICBRE LB MY AF VA VEFY FRMATREEHERL, H L
F¥—71L—F1)—%— (SPECTRA MAX190, MOLECULAR DEVICES) % {\>C, 570nm
OWSEEEHME L7ze F 72, SHSYSY Mo EMEzE, ABOBLIVOTF7=VikEOuM
AR AR EE 100% & LCHRI L 72,

6. AB40 DRy hTJOv MR

AB40 DIFFFIE, Fy b7y METHE L2, = ratkio—2E (Bio-Rad Laboratories)
12 ABA0 & 57 = ¥ &I L CTHEAE L7 OPTEMEM 3% 241 70 v F L. 5% AF A 3L
JEWREHCTATC 16K 78 v ¥ 2 7 L7z, 2O, 1 YUK TH 5 beta amyloid 1-16 (6E10)
(COVANCE) % 5 TNIZ anti-oligomer antibody (A11) (BIOSOURCE) T4 C. 16 Rt €72,
o= botbia—REE 2 KPUKTDH % anti-rabbit antibody HRP-linked IgG (Cell Signaling
Technology) TEHil, 1 MBS E, = tatra—AEo 70y hO#HIE ECL plus (GE
Healthcare) Tt &+, Lumino-image analyzer (LAS-3000mini. FUJIFILM) % FvCT#AT L 720
B, BMERa 2 —% Y7 b7 THAH image] (windows) & VTR L7z,

7. WEtERN
WEHENT X, StatView 2> ¥ 2 —% V7 b7 27 (windows) ZH W7z, ¥ 7FIVEIOEHE
71% ANOVA 3 X O Bonferroni t-test # FH\WCEHii L. A TEK# X 5% (M) & L7,

BRBLUER
1. SH-SYSY #BRaDAMERICHE KIFT ABL0 BKRUT 7 ZVEEDRE
0uM A B 40 % M A MK 100% &35 & A f40 TULEE L 72 SH-SY5Y Moo M1,
489%. 258%. 134% THH. WTFhD AL BEICBVTOAHBICLT LA (E1, K1),
Fo, TTZVRIIZBNTIE, WTNhOT 7 = VIREICBWT O AEMBERICARE LT
PO LT, 100%. 97.2%. 101.5%. 90.0%. 98.0% TH -7z (F2, K2),
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1 ABADMLIE(Z L BHSH-SYSY @M & kS

R2 TT=URIBIZLSHSH-SYSY#Elad £ E

APB40 concentration (M) 0 10 50 | 100 Theanine concentration (WM)| 0 10 50 | 100 | 500
% of 0 uM AB40 100 | 48.9 | 258 | 134 % of 0 uM Theanine 100 | 97.2 [101.5| 90.0 | 98.0
120 120
100 4 w0 ‘u\l———’__‘}
£ 5
— 60 [
3 %
£ a0 § 40 }
= 20 g 20
0 o
1] 20 40 60 a0 100

A concentration (uM)

1 AB40A'SH-SYSYHIRIMEMIMEZRIFT S
SH-SYSY#BID £ MRMEEMTT? vt TR,
F—4I%, 0uM AB40 (A kO—)L) 125 T S iR
(%) ZEHMEMBBETHSHLIZ(n=3)."(X. O
hO—LE B THEIZRL S (p<0.05) .
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E2 FF7=hSH-SYSYIEMO LB RIFTEE

TTF =R LI-SH-SYSY iR E AR T—id,

OpM T7 =2 (A hA—)JL) I3 T DA MR EE THE
+RERETHODLIZ(n=3),

INSDOREREPS, ALA0 DIEEZ S0uM ERTE L7z 72, T7 = VI3 48 BRHLBLIZ B

WTAMBERZ T S Lo/, RKIEEZ500uM &% L7z

2. AB40 ST BT 7 — OHBIFEER DGR
AB40 I X BAEMBEDITIZ, 77 = ¥ EEARIEICIH X, 296%. 438%. 48.0%.
419% THolzo TT=VIZALL0 DM X VMo ZRE L, EMliE2FHEIC LA S

72(#£3. M3),

F3 TP EABAOILIRIC L HSH-SYSY IR O EHERASE

Theanine concentration (uM)
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% of 0 uM AB40

16.8

29.6

43.8

48.0 | 41.9

3. AB40 D Rw hTJOw N
77 =13 A 4012 & % SH-SYSY g O MNasE & #iil L 7272, OPTI-MEM X5t i 2Rk
MU7z A 40 DIRREZ AT L 720 —RYUATD % beta amyloid 1-16 (6E10) & A g DIREEIZ
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BMbo3, 11607 I 7 BIEEICHIGT 5720, Hafk, +1) ITv—, EAEEK B0 A
[T B, THIZK LT, anti-oligomer antibody (All) & A f HEARCKMEIZ L %
W, beta amyloid 1-16 (6E10) ® Ky ¥ 7 FNVOMREIX, 77 = Y OBEEICX 5253305
Neholzl &b, FAIZHML7: A B40 mIZEN LW EAVRENTZ, THITH LT,
anti-oligomer antibody (All) @ K b3 7 FIVOREX, 79, 127, 167. 296, 300 & 77 =
YVIRBEAAFIICHIN L 722 £ A5, OPTIMEM Kl A B40 137 7 = > iR BEAAT I |2 ke
LBl S, ABA0 A ) I —R ABA0 EAKE LTHET S 2 &g s hie, (F4,
B4),

4 ABAOH)TI—D T F IR
Theanine concentration (uM)| 0 10 50 | 100 | 500

Arbitrary unit {A11) 79 | 127 | 167 | 296 | 300
350
300
Theanine (uM) 0 10 50 100 500 i
- ‘ ™
sEml ® @ o o % w
——— N
o LI

o 10 50 100 500

Theanine concentration (M)

E4 ABAODA L/ TOuHGHT

SH-SY5Y#ES0uM AB4OL T 7 = TASHMMIEL 1=, OPTI-MEMIE i ch DARLOD I RER A L/ T
Oy RHTIZTRELE (n=3) . TOu kO X, — 2l EL Theta amyloid 1-16 (6E10) Lanti-
oligomer antibody (A11) LV, *IX. 0 pM TP EHBLTHEIZRA S (p<0.05).

FEHE RECEINDTIVBTHETT=HN A0 OMHMALE 77 = Y ikIER S
WICT 7 = VB RRAE I 2 2 L 2 M L2 00 7 3 a4 FidEoMBEE L. A
BHEMARL Y DIV EAME SN TVDL I ENS W, TN < —IKDORAED K
D1IDLHEZOLND ABL0IZE D Mk MNETH S SH-SYSY Ml dMIaseIc ki3 7
T DEBIIOWTHRE L.

77 = E A B40 12 X 2 MIKIE 2 AR ISR L. 77 = VIS & 2 A ER
0uM 77 =2I2x LT 10 4 M T 1.76 1. 50 u M T 2.61 £, 100 u M T 2.86 £, 500 4 M T 2.49
BThole 77 =L HMIBEHH OVEMHERE & LT, OPTIMEM ¥l L7z A B
40 B RIZXL 27 304 FMOERIRET 2 2 Lo il SNz, 22T OPTI-MEM £t
FOARADT ITA FMEOEEEZ Ky h7ay METHHLZZEZA, FTZVIRED
ERICE B A BA0 BHEDTEIIRIATRIE SNz T, 77 = VIREDSE L 2 21ZE Ry
M T FNEEDS LA L7 Sk, OPTIMEM b2 A 40 254 ) I —R KR Y~ —D
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RETHAET LI EIWREIND, 7I0A FHEOERIT AP HERIESTL I LITL
BEEZOND, ZDD, TTZUHPRHAPICBWTALLOOELSLEBELSEL LT
B Z TR L 722 e EZ N5, LML, AE ) Ix—RY v —I1213 A p HEhk?
7 IOA FEHEL D B EMAR D DOBFAET BT LEAVREEINTNE P, 512, AT
I —RK) v —D5FH A X LMPHEEDOBRICOVTIIAHOET I THL7-0, ABOE
EIREE L AISEDORBIRICOWT, EHRIREDVRELEZ HND,

F72. 77 =713 NMDA ZRERICHENT 52 & T BEMZ &2 X BRI EnLy
Vg I VRRIZE MM 2B C 2 EBHE SN TS Y, 20720, 77 = v Offillaft
HEERNE ABA0 DT I 1 4 FfEDTEBIHNC X 2 MiladHt 2 RTWEOBA O AL ST,
NMDA Z#k %4 L CHIIE 2 W35 2 & b LS L 720, MO IERERIZDWT
LAV LETH D LEZ B,

ALl MECEINET I VBTHET T VI TIVIYNL =IO HE O—D
EEZ 6N 5 AB40 OMNBHINEIIK T 2 MBAEEHICOVWTHIAEL 2D TH L, 77 =
X IREERAE I PREE 2R L. ZORMEE LTTF 7= V12X 2 A B40 BHETZ L O #1
il 2w L7z,

SE

1. Alzheimer A, Ueber eine eigenartige Erkrankung der Hirnrinde, Zeitschrift fuer Psychiatrie, 54,
146-148 (1907)

2. Walsh DM, Lomakin A, Benedek GB, Condron MM, Teplow DB, Amyloid beta-protein
fibrillogenesis. Detection of a protofibrillar intermediate, J. Biol. Chem., 272, 22364-22372 (1997)

3. Cole GM, Frautschy SA, Docosahexaenoic acid protects from amyloid and dendritic pathology
in an Alzheimer's disease mouse model, Nutr. Health., 18, 249-259 (2006)

4. Yang F, Lim GP, Begum AN, Ubeda O], Simmons MR, Ambegaokar SS, Chen PP, Kayed R,
Glabe CG, Frautschy SA, Cole GM, Curcumin inhibits formation of amyloid S oligomers and
fibrils, binds plaques, and reduces amyloid in vivo, J. Biol. Chem., 280, 5892-5901 (2005)

5. Yokogoshi H, Kobayashi M, Mochizuki M, Terashima T, Effect of theanine, r-glutamylethylamide,
on brain monoamines and striatal dopamine release in conscious rats, Neurochem. Res. 23 (5) ,
667-73 (1998)

6. Yamada T, Terashima T, Kawano S, Furuno R, Okubo T, Juneja LR, Yokogoshi H, Theanine,
gamma-glutamylethylamide, a unique amino acid in tea leaves, modulates neurotransmitter
concentrations in the brain striatum interstitium in conscious rats, Amino Acids, 36, 21-27 (2009)

7. Yamada T, Terashima T, Honma H, Nagata S, Okubo T, Juneja LR, Yokogoshi H. Effects
of theanine, a unique amino acid in tea leaves, on memory in a rat behavioral test, Biosci.
Biotechnol. Biochem., 72, 1356-1359 (2008)

8. Kakuda T, Yanase H, Utsunomiya K, Nozawa A, Unno T, Kataoka K, Protective effect of

- 112 -



T73IOA KERTF RFA0IZHT 577 = v DM EEEH

10.

11.

12.

gamma-glutamylethylamide (theanine) on ischemic delayed neuronal death in gerbils, Neurosci.
Lett., 289, 189-192 (2000)

. Cho HS, Kim S, Lee SY, Park JA, Kim SJ, Chun HS, Protective effect of the green tea

component, L-theanine on environmental toxins-induced neuronal cell death, Neurotoxicology,
29, 656-662 (2008)

BHHEA - 77 =285 7384 FERTF F 40 OMMALIPEIIER, Bl KRR, 457
#. 181-185 (2020)

Yankner BA, Duffy LK, Kirschner DA, Neurotrophic and neurotoxic effects of amyloid beta
protein: reversal by tachykinin neuropeptides, Science, 250 (4978) , 279-82 (1990)

Yamamoto N, Matsubara E, Maeda S, Minagawa H, Takashima A, Maruyama W, Michikawa
M, Yanagisawa K, A ganglioside-induced toxic soluble Abeta assembly. Its enhanced formation
from A B bearing the arctic mutation, J. Biol. Chem., 282 (4) , 2646-2655 (2007)

- 113 -





