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Figure 1. Two “Golden age” of the discovery of microbial natural product drugs.
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Figure 2. The development of natural products research from “football” to “dumbbell” by chemicobiology and

synthetic biology.

http://journals.im.ac.cn/actamicrocn



546

Jinsong Chen et al. | Acta Microbiologica Sinica, 2016, 56(3)

R, R, X-Y
Ala |CGH; |CH; |CH=CH
A2a |C,H, |CH, |CH,-CH(OH)
Bla |CH; |H CH=CH
B2a |CH; |H CH,-CH(OH)
Alb [CH, |CH, |CH=CH
A2b |[CH; |CH; | CH,-CH(OH)
Blb [CH, |H CH=CH
B2b [CH, |H CH,-CH(OH)

& 3. M4EERNUFLE

Figure 3. Chemical structure of avermectin.
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Table 1. The gross product and the gross productivity of each companies in 2013

Manufacturing enterprises

Gross productivity/t Gross product/t

Qilu pharmaceutical Co., Ltd

Shijiazhuang xingbai bioengineering Co., Ltd
Shandong qilu king-phar pharmaceutical Co., Ltd
Hebei veyong bio-chemical Co., Ltd

Dagqing jefene bio-chemical Co., Ltd

Zhejiang shenghua biok biology Co., Ltd
Ningxia dadifengzhiyuan biology Co., Ltd

North China pharmaceutical group aind Co., Ltd
Jiangsu fengyuan bioengineering Co., Ltd
Shandong shengli Co., Ltd

Zhejiang qianjiang biochemical Co., Ltd
Shandong zhicheng chemical engineering Co., Ltd
Shijiazhuang huashu pharmaceutical Co., Ltd
Zhejiang hisun

Other enterprises

1200 1210.00
650 669.00
500 516.00
500 372.04
250 282.40
280 142.13
180 129.96
100 117.60
100 107.17
140 9.00

50 1.08
500 0
600 0

40 0
400 Unknown
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R 2. 2011204 R R R R 20 H ORAR
Table 2. The export of avermectin from 2011 to 2014

Year Export quantity/t Export volume/(million dollars)
2011 434 4770
2012 450 4420
2013 526 5416
2014 538 5618

Mg Rk, dEATH 600t/ T v, it
A8H BB 55000/ T v, 9H &l 53070/ T
vo, ZEPRITRREm, 10 H 4% 158070/ T
T, AR AR E]6007C/ T 55, 201344 B &
WA IE AR BN VA, (HAT RS, mT
WA, 20124F 4 ROkt K, IR KE
B R A GOTI, A0 134E T R IR E &
TWEHHEATRZ MG oE, RIE—BE %k, |
() R A 0z B, AR Bt Rk, SRR I — ELRE
LR6 HAn, AL A0S K 20 348 LUK 1 i
e OB TR, A T, TR
TV, ORI HASIAE] N PAEREAUK . 20144F
BT 24 B 2 ANAS AR AR, AR A8 7E600-6807T/
T 502 8], s U B I 20 1 34F 2 JiF KR 4
/No 20155 B4R TS R T4 520 144F A LA BOR IX.
il 1. BRI ZR B H AEERAE KR L FH 24 32 3 gk
W i by, R RIRNA 2.0 BT4E R 2
RERE, HERToR; 3. P4 FE B — B A
B, (AR RS2 R . H 6 TR 4L R s —

HEHTREES, fRTREFEER, %
KRR T AR TR GRS, L [l P e 2 v
ZHZMR BRI R, 107 B2 T R4 MR K
Vs 1A, T RIEAESIBEE XA A RS
W, I T IR SR, AR SR IR THER3).

WFRAFTR, T A BT 24 18 2 Uk 24 B i Y
A E L 20134 LUK E N AT i R e s
BRMAE: (DME. B4R TR KA T
BT ARG i s R G 1 LV RIRRAE B I kL Il
BRI TE T e 5 0k 0 4 2E TR, R
S [ 1A R P R R s B vy,
A 0 O T SR TR L B TR H A R R 24 T R
R, FEOPYEEE A RN, PB4
K AR PRI T 48R . (2) AR p BT 4 Lo 4 £
40 FEBUR T2 RSB 2 AE KRS B,
g AT ] 2K 7 it ) e 4 (U R 90 ) K Tl P 7 it ™ A
Prghtk . DL BRI BTl e R T
B, G)ENPERL A A R F2E 5
FI5a 4 HFAIMEY, Pighth Hitaam . (4) 20134F 4
Wokdt, fERYEET RN, B4R o 4
R LR RS (1] B4 R = B ST TE =R SN
By 2 T SR A A A

Pt R BITE20154F 12 H 4 H (1) LIl iRl
SR E201 54 DR A Bl u PR 2 2 o o
W T E R B A YIS T 7E Nature & 1Y)
T 5 F It R A A AL A S o ]
W Z AL i 5Tk (http://dwz.cn/2u0RbE) . {145
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Table 3. The variation of market price of avermectin from 2011 to 2015 (RMB/kg)

Date Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
2015 660 670 670 660 650 620 600 550 500 450 480 480
2014 600 640 660 680 660 640 620 620 620 620 630 640
2013 500 530 570 620 640 640 580 550 530 540 560 580
2012 420 420 410 410 420 520 550 480 480 480 490 500
2011 500 500 500 500 450 420 420 420 420 420 420 430

actamicro@im.ac.cn
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Table 4. The avermectin export destination countries from January to December in 2013

No. Countries Quantity/kg Share/% Amount/$ Average price/($/g)
1 USA 149400 28.42 17109007 114.52
2 Denmark 53505 10.18 5281960 98.72
3 Germany 48130 9.16 4974543 103.36
4 India 47536 9.04 4340961 91.32
5 Brazil 39843 7.58 3664910 91.98
6 Netherlands 29965 5.70 3565981 119.00
7 Uruguay 15200 2.89 1546018 101.71
8 Dominica 11975 2.28 1075575 89.82
9 Spain 11600 221 1084991 93.53
10 Venezuela 10000 1.90 939180 93.92
11 Paraguay 9250 1.76 824807 89.17
12 Turkey 8835 1.68 789276 89.34
13 Taiwan, China 7525 1.43 693965 92.22
14 South Africa 7400 1.41 696660 94.14
15 France 6540 1.24 814291 124.51
16 Argentina 6400 1.22 565276 88.32
17 Singapore 6151 1.17 732666 119.11
18 Mexico 6140 1.17 537983 87.62
19 Vietnam 5765 1.10 495807 86.00
20 Iran 4850 0.92 477354 98.42
21 Pakistan 4575 0.87 419216 91.63
22 Macao, China 3880 0.74 539715 139.10
23 Jordan 3675 0.70 319861 87.04
24 Israel 3505 0.67 333279 95.09
25 Columbia 3325 0.63 266995 80.30
26 Australia 2847 0.54 316194 111.06
27 Switzerland 2788 0.53 290390 104.16
28 Thailand 2095 0.40 197290 94.17
29 New Zealand 2012 0.38 255884 127.18
30 Austria 1700 0.32 169126 99.49
31 Peru 1400 0.27 131586 93.99
32 Belgium 1350 0.26 124139 91.95
33 Saudi Arabia 980 0.19 82727 84.42
34 Britain 950 0.18 79316 83.49
35 Egypt 601 0.11 56587 94.15
36 Nigeria 600 0.11 48300 80.50
37 Sudan 600 0.11 62306 103.84
38 Chile 475 0.09 38285 80.60
39 Ukraine 450 0.09 46812 104.03
40 Ecuador 270 0.05 26793 99.23
41 Costa Rica 250 0.05 21851 87.40
42 Tanzania 250 0.05 20500 82.00
43 Malaysia 240 0.05 21436 89.32
44 Lebanon 200 0.04 17533 87.67
45 North Korea 200 0.04 18503 92.52
46 Poland 150 0.03 15948 106.32
47 Panama 100 0.02 9850 98.50
48 Ireland 60 0.01 9300 155.00
49 Ivory Coast 50 0.01 4581 91.61
50 Italy 40 0.01 3588 89.70
51 Canada 25 0.00 3207 128.28
52 Rumania 10 0.00 850 85.00
53 Hong Kong, China 0 0.00 1 100.00

Total 525662 100.00 54163160 103.04
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Avermectin, from winning the Nobel Prize to “innovation in
China”

Jinsong Chen'””, Mei Liu"*", Lixin Zhang'"

' Chinese Academy of Sciences Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese
Academy of Sciences, Beijing 100101, China
? Graduate University of Chinese Academy of Sciences, Beijing 100101, China

Abstract: The uprise of the superpower nations is always accompanied by the breakthrough and advances of
technologies and innovations in the history. Natural products play very important role in human health, such as
anticancer molecular taxol, anti-infection drug artemisinin that save a lot of lives, metabolic disease treatment,
nutrition and health care. However, more has never been explored. With the 2015 Nobel Prize in Physiology or
Medicine awarded to William C. Campbell, Satoshi Omura, and Youyou Tu for the discovery of avermectins and
artemisinin respectively, the second “Golden age” in the development of natural product is dawning. China is a “world
factory” and natural drugs-rich country, but how to upgrade and advance the industry and realize the China dream?
Avermectins, produced by Streptomyces avermitilis, are pesticide with high efficiency and low levels of side effects.
However, the low producer and expensive development pattern of high consumption, high contamination is not
sustainable. Solving the problem, increasing the production and utilization of raw material, reducing the energy
consumption and cost of production, decreasing environmental pollution are key to transform China into a power
house. In this paper, we case-study avermectins to review the industry development driven by fundamental research.
Institute of Microbiology, Chinese Academy of Sciences increased the production of avermectin 1000 folds to 9 g/L,
which out licensed to new Veyong biochemical Ltd and avermectin Coalitions. As a result, Merck Sharp and Dohme
ceased the manufacture of avermectins. The success also shed lights on the improvement of other natural product

drugs in China.
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