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Historical story on natural medicinal chemistry: Rapamycin
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Abstract: The study on natural product chemistry plays an important role in drug development and microbe is one of the main sources
of new drugs. Rapamycin is isolated from the bacterium ensconced in a sample of Easter Island’s soil, the compound has led to several
approved immunosuppressant and anticancer drugs. The researchers studying on the target of rapamycin have got the “Nobel-class”

achievements. In this paper, the discovery and study on rapamycin is summarized to provide the references for future related research.
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9 A 21 HAH#A % (Thomson Reuters) 542 Tl
TR B R 2 A A s R E FE AL ) 3 2B
F A RE3RAT 2016 EFE DURM 2 ORI 3 4L
BFEFEA IR 2016 3% DURYE, (BARA TR 5 08
RHWT R & CE K. Tk R BRI R E
ETHRI MY Georges L. Nogrady (1919—
2013, K 3) E{b2:5K Surendra N. Sehgal (1932—
2003, K 3) f¥yoiattt, ACSO S AEE R T
G, FFAA SR 2 AL RER .

FHEF R (rapamycin)

1 BRBRMOUFLEH

Fig.1 Chemical structure of rapamycin
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Fig.2 Cover of Chemical & Engineering News, July 18,2016
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[E] 3 Stanley C. Skoryna E4 . Georges L. Nograd A Surendra N. Sehgal 5§+ (M\EZEFH)
Fig.3 Dr. Stanley C. Skoryna, Georges L. Nograd, and Dr. Surendra N. Sehgal (from left to right)
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Fig. 4 Easter Island (A) and a plaque (B) on island commemorates discovery of rapamycin

1964 4 [ fr B 4 4 40 ( World Health
Organization) Fl 5 K% % 2% (the Medical Research
Council of Canada) 2 — A% & K K%
(McGill University) #MFHEA: Stanley C. Skoryna
(1920—2003, [&] 3D R = A AR 2 S AL R
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Ffr (National Cancer Institute), &I H X SRR
ARG REFHmEE R s, FnERNE
SEREIT X SHRATRES R T HE.

{H2HT Ayerst 2\ N AMFIFIE R, T8 iH
B R T IR A IR 2T K I JT MR N GHEAT
FHIZ 1983 A R KM T AESERFRUR 5T I, 6 R
A% O N LR B 1 TR I AR e, A
AW SRR — AL, Sehgal A REIEER
AR R AE A JBE X KA LA A7, EF] 1987 4F
Wyeth CGEIX) 1 Ayerst IR ARG H )G, I
FATFUEE T Heblo 1988 47, Sehgal 4T Ui ity
EHE, KRTHEMNERMIVI A ILES:, Sehgal K
H AR IR M5 R B 7 BA S RIEESME R
A 3 S R G U,

20 tHhad 80 FFAREHNH B £ T 25 Fi 1,
1983 4E/ENIEHE (Novartis) B 51 2 — 1 14
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FK506

5 FK506 BIfLF 454
Fig. 5 Chemical structure of FK506
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application); 1999 £ 2 H 1 H, &M% % 3K15 FDA
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SREIFERRE (LEMEG) R — RS R R K e
Bell, e 2 MRS E
Hydroxyl group (in red and white), key for making the first generation of

rapalogs, pokes out from between the two

6 HEMERLS FKBP12 () 1 mTOR (R &) K&
RE5#

Fig. 6 Crystal structure of rapamycin bound to FKBP12
(blue) and its binding domain in mTOR (green)
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Fig. 7 Chemical structures of some rapamycin-based macrolide drugs
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AR RIS E LR Chighly conserved) 2
Al 1991 4F, Fiit: /R K% (University of Basel)
Michael N. Hall 3% (1953—, [ 8) fEXIH IR
i 24 SRAZ T BE () 183 4% S o3 A2t g b R B T 18
Tt 5 B A B A P X 20 P A R A = A 5 i ) 9%
R E AR, I H a4 8 08 R AR (target

of rapamycin)” B¢ TOR!""""), Hall f#+ [ 3K T
2014 FRAEMmEEE RS (Breakthrough Prize in
Life Sciences) fl 2014 EEXH B 7T 2% i1 2% (European
Research Council, ERC) Synergy Grant W} 5145 %%,
FFAE 2014 FHVF IS R Be e+ (Member of the
National Academy of Sciences USA ).
FERMAE AR — 1R 2 36 E 5 B K0 Stuart L.
Schreiber 4% (1956—, & 8), FAFE 58— R
KIS WERRE IR RIR=W 25 AR, 20 tHAD 90

8 Michael N. Hall ##Z. Stuart L. Schreiber Z#Z%0 David M. Sabatini #i% (\EZH)
Fig. 8 Prof. Michael N. Hall, Prof. Stuart L. Schreiber, and Prof. David M. Sabatini (from left to right)

FACE, FFEEA A /DN F K (small-molecule
probes) {ENTH, EERZRAWERNLE] K5
PRAET A T 0 TAE, At gl ot 24
Y% (chemical biology) X[ 1Hr %R A
2P, Schreiber #IRKIIE ST FK-506.
HREHPLHIOHE Y, 1994 48, Schreiber H1BA
TEMGALENY) (mammalian) A &L 7 TOR AH[FI
B A8 2 i B 6y 44 29 mTOR (mammalian target of

rapamycin, mechanistic target of rapamycin) (261,

Schreiber #(#% 1995 4 2418 3¢ FE A} 22 Be e 1, P
FEAC AW or T A I — R B Tt
1k 12928, Schreiber (4% A1 Kyriacos C. Nicolaou #(#%
SYEET 2016 4EJE K] Wolf 3 (Wolf Prize) ).

JBR 48 BT 2 B PR e R AR W) R 2 BE O
(Whitehead Institute for Biomedical Research) #15;
FE 15 % i R W 5T Bt ( Massachusetts  Institute of
Technology) ¥] David M. Sabatini (% (1968—,
8) A I A 2 LE I FL AN A B o ) B A
f& (mTOR, RAFTD) P%. 2004 4 Michael N. Hall
Wt & #PY, mTOR & 2 AN£E A mTORCl A
mTORC2 HJE &), Hrh mTORCI &% mTOR,
raptor (regulatory-associated protein of mTOR) F1H:
fvd A, FEWEEARAAK, T mTORC2 W
mTOR. rictor (rapamycin-insensitive companion of

mTOR) 25 ¥4 4LAL, BN RES (Lt an i £7 i 0.

FEXF mTOR K HH 5645 5 i (AT 7o i A 1227,
Sabatini 1B\ &I rictor A 1475 20 fo B 28 5 20 AF
FIB7, rictor-mTOR & &% (mTORC2) ey B
BOEH RIS 5 5 1 Akt, Akt W) 5 5 O bR 1
RIFHLAEEBASEET, 4 F mTORC2 2k &
Cinsulin) 155 FIE FHBLEIHHEAT T M 50T 7208,

miHERT 54T REE FKBP12 (FK506
binding protein 12) Fl mTOR &G RE Y. #
X mTOR (&858 515 S @i 7, dt— D 1
EHIAERIVEFANLE], mTOR RN U [A] Hh Je kb HE 2%
—F, REEREEAR. R, BEER. BHER. A
REEMWERES, MM RATEIEHE. £
mTOR [1] 2 #1544 (mTORCI 1 mTORC2) fE1E
EAH, R mTORCI X i H 5 # BUK, @it s
IS S, MW mTOR, MG 1 4o b,
B prEiE . RN, SHERSEEEA
FKBP12 H)45&, 4] 7 %% B 4HMF0 T 404
K, MG L E IS REE S (mTOR) #
B, RS A S R 4 A
4 HiE

HEMERMED (TOR) —&u KW, #olikE
THAEMFIREN, 2010 FEFEHE (BI2E) &
R RKIEFATT 4008, T2 2 /E N TOR (55
FR R0 e IR T BR AR v T e B B L
KERGH 4RI K ICE T mTOR Sl 1 15
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Fabat. 2014 4, WEABHRIZTE (BlRelb )
(Science Translational Medicine) L&, THHER
B I AR A NI R ThRE [ A R
fie X 3 22 gl W BT R K BR R ( Alzheimer’s
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