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二噁英

公认的极毒，强致

癌物，有世纪之毒

之称。

• 目前为止，尚没

有针对性的解毒

药物，也没有促

进其排泄的有效

手段。



2016年11月1日，香港特区食品安全中
心官网通报显示，9月下旬，该中心在
市场上抽查共12斤的大闸蟹样本，发现
其中两个样本的二噁英含量超标，超标
样本来自江苏省两个水产养殖场。蟹商
生意额减少逾90%！

大闸蟹门市显得冷清

专家表示，正常情况下，蓄意添加二噁英是不可能的；最可能是饲料被污染

了，还可能是养殖环境被污染了，都可能导致检测结果超标。”



养殖水产品安全



外源有害物在生物体内如何代

谢？





ADME

Toxicant

Metabolism Enzymes

Elimination (E)

Metabolism (M)

Distribution (D)

Absorption (A)

ABC (ATP-binding cassette) 
transporters



毒物代谢过程通常分为三个阶段: 

第二阶段反应：是毒物或其代谢物同内源性小分子化合物结

合。“II相反应”又称“结合反应”

第一阶段反应：是在酶的作用下改变了毒物分子的功能基团。

“I相反应”或“官能团反应”

第三阶段反应：是毒物或其代谢物外排过程。

“III相反应”



1.  I 相反应及其代谢酶研究进展

         体内各种酶对毒物分子进行的官能团化反应，主要发

生在毒物分子的官能团上，或分子结构中活性较高、位阻

较小的部位，引入新的官能团及改变原有的官能团，包括

氧化反应、还原反应、脱卤素反应和水解反应等。通过上

述反应，向毒物（药物）母体分子引入某种极性基团（如

羟基、羧基、氨基或巯等），改变毒物的结构，增加毒物

母体分子的极性或水溶性，使脂溶性毒物转变为水溶性化

合物。





细胞色素P450是I相反应的主要代谢酶，它通过催化底物

的加氧或脱氢反应，使得底物具有亲水性，从而加速其代

谢。
          细胞色素 P450 酶系（cytochrome P450 monooxygenases, CYP, 简

称P450）又称微粒体多功能氧化酶（microsomal multisubstrate mixed 

function monooxyenase,MFO）、细胞色素P450 单加氧酶系、血红素硫

蛋白等，是广泛分布于生物有机体中的一类代谢酶系（冷欣夫, 2001），

是一簇结构、性质相似而又有差异，由超基因家族编码的含血红素和

硫羟基的结合蛋白，因其与CO 结合形成的复合物在波长450nm 处有

最大特征吸收峰而得名。



P450酶不仅可以代谢诸多外源物质（如药物、毒物等），还

参与生物体内源物质（如激素、脂肪酸等）的代谢，在生物

体中起着十分重要的作用。

RH+NADPH+H++O2NADP++H2O+R-OH 



Famils Sub-families

CYP1 A1,A2,B1

CYP2 A6,A13,B6,C8,C9,C18,C19,D6,E1,F1,J2,R1,S1

CYP3 A4,A5,A7,A43

CYP4 A11,B1,F2,F3,F8,F12,V2

CYP5-CYP20 CYP5 (A1) - CYP7 (A1,B1) - CYP8 (A1,B1) - CYP11 (A1,B1,B2) 
- CYP17 (A1) - CYP19 (A1) - CYP20 (A1)

CYP21-CYP51 CYP21 (A2) - CYP24 (A1) - CYP26 (A1,B1) - CYP27 (A1,B1) - 
CYP39 (A1) - CYP46 (A1) - CYP51 (A1)

P450家族的主要成员

CYP1，CYP2，CYP3，CYP4 和 CYP7 被认为在肝和肝外代谢外源性化学

物质和药物的消除方面发挥了重要的作用。



CYPs在人肝中的含量及作用

         CYP1A2，CYP2A6，CYP2C9，CYP2C19，CYP2D6，

CYP2E1，CYP3A4参与了近90%药物的代谢。



Fish P450s have provided insights into the regulation of P450 

genes by environmental stresses including water pollution.



        2007年，第一个甲壳动物水溞基因组mRNA数据被

公布，进行氨基酸序列对比，发现了71个P450基因。

家族名称 可能的 P450 数目 亚家族名称 可能的 P450 数目 所占比例 
CYP4C 30 

CYP4 35 
CYP4V 5 

49.3% 

CYP15 11 CYP15A 11 15.5% 
CYP3 10 CYP3A 10 14.1% 

CYP2J 2 
CYP2 3 

CYP2G 1 
4.2% 

CYP5 2 CYP5A 2 2.8% 
CYP301 1 CYP301B 1 1.4% 
CYP12 1 CYP12H 1 1.4% 
CYP302 1 CYP302A 1 1.4% 
CYP314 1 CYP314A 1 1.4% 
CYP18 1 CYP18A 1 1.4% 
CYP306 1 CYP306A 1 1.4% 
CYP71 1 CYP71AT 1 1.4% 
CYP353 1 CYP353A 1 1.4% 
CYP307 1 CYP307A 1 1.4% 
CYP315 1 CYP315A 1 1.4% 

 



The results showed that Zn, Cd and Pb could significantly induced 

CYP1A mRNA expression levels in mosquitofish （食蚊鱼）.



Exposure to PCB126



In mammals, CYP2B genes are induced by phenobarbital (PB)(苯巴比
妥) and a large number of structurally diverse xenochemicals. In 
contrast, in fish, expression of CYP2 family mRNAs is not induced by 
PB-type inducers. Thus, in fish, the CYP2 family catalyzes foreign and 
endogenous compounds, but the gene regulatory systems may be 
different from those of mammals (Unoa et al., 2012).

Peroxisome proliferator-activated receptor alpha (PPARalpha), which is 
the transcriptional factor of the CYP4 family in mammals, has been 
shown by the use of anti-PPAR antibodies to be distributed primarily in 
the liver and intestinal tract in zebra fish (Ibabe et al., 2002).

In mammals, expression of the CYP3A subfamily is induced by 
dexamethasone and rifampicin. Control of CYP3A expression
is thought to be mediated by the Ah receptor/ARNT pathway in 
zebrafish, whereas, the pregnane X receptor (PXR) is suggested to 
activate CYP3A expression in Atlantic salmon (Finn, 2007)



Gossypol-ingested cotton bollworm larvae showed higher midgut P450 

enzyme activities and exhibited enhanced tolerance to deltamethrin(溴

氰菊酯).

The late 2nd instar larvae had previously fed on control (CK) or 1.0 mg/g 

gossypol-supplemented (Gos) diet for 1 day.



To illustrate the gossypol-induced defence reactions at gene expression level, 
microarrays were used to analyse the changes in transcript abundance in midgut 
in response to five phytochemicals (gossypol, xanthotoxin, tannic acid, quercetin 
and b-pinene) and the insecticide deltamethrin.

Among the 6490 genes analysed, 
gossypol upregulated 98 and 
downregulated 55. 

The microarray analysis totally 
uncovered 37 differentially 
regulated putative P450 genes, 
which belong to CYP6A, CYP6B, 
CYP9A, CYP337B and CYP321A 
subfamilies.

Gossypol upregulated 20 putative 
P450 Genes.





To test this hypothesis, we generated transgenic Arabidopsis(拟南

芥) plants expressing dsRNA against CYP9A14 (dsCYP9A14).

The 3rd instar larvae grown on 
ds-8 or wild-type plant (WT) 
leaves for 3 days were then 
transferred to deltamethrin-
supplemented diet(溴氰菊酯)(5 μ
g/g) for another day. The larvae 
taken from ds-8 leaves had a 
lower CYP9A14 transcript level 
than those from WT leaves, and, 
consequently, a much reduced 
larval growth on deltamethrin-
supplemented diet  and a 35% 
decrease in LD50.

The express ion  of  CYP9A14 in  t r ansgen ic 
Arabidopsis was detected by RT–PCR.

Data presented herein demonstrate the bollworm 

tolerance of deltamethrin (溴氰菊酯) can be reduced by 

engineering plant-mediated RNAi against gossypol-

inducible P450s.



Induction of CYP6AE14 expression by gossypol is dose dependent in 
the range of 0.1 to 1 mg/g(Fig. a). CYP6AE14 transcript level was high 
in the midgut, low in malpighian tubes and fatty bodies, and 
undetectable in the ovary and brain (Fig. b). Immunohistochemistry 
revealed that CYP6AE14 proteins are densely localized on the inner 
surface of the midgut (Fig. c).



Larval weight increase correlated with CYP6AE14 

expression levels when gossypol was included in the diet 

(r≤0.8; 2mg/g gossypol). However, this correlation was not 

observed in the absence of gossypol.

control 2mg/g gossypol1mg/g gossypol



In comparison with the wild-type 
plant leaves, larval growth was 
slightly affected by feeding on 
dsCYP6AE14 for 4 d, but not by 
dsGFP expression.

for 4 d



We transferred larvae reared 
on tobacco (NtdsCYP6AE14-
2 and NtdsGFP) leaves for 4 
d to artificial diets containing 
different supplements. After 2 
d, rapid growth on the control 
diet was evident for both 
groups. However, when 
gossypol was included, 
larvae fed NtdsCYP6AE14-2 
leaves did not grow at all. 
Their average weight even 
decreased, whereas growth 
of NtdsGFP larvae was 
retarded.

Artificial diet supplemented with：
1. no chemical
2. 1 mg/g of gossypol
3. tannic acid
4. glanded (gossypol containing)

Bollworms fed on transgenic dsCYP6AE14 plants 

showed suppressed CYP6AE14 expression and reduced 

growth on gossypol-containing diet.



Cotton plants (Gossypium 
hirsutum cv. R15)

dsRNA-expressing cotton 
(G.hirsutum) (T2 plants of the 
ds6-3 line)

leaves of nontransgenic 
control R15 (blue) or ds6-
3 T2 (ds) plants (red)



First 3 days 4-6 daysSecond-instar larvae were 
transferred to ds6-3 leaves; 
during the first 3 days of the 
assay, ingestion of the ds6-3 
leaves wasreduced by 21%.

When measurement of larval 
leaf intake was extended to 
another 3-day period (days 
4–6), a greater difference 
(44%) was observed.

After 1 day, the larvae from the wild-
type leaves burrowed into bolls and 
consumed the contents, whereas the 
larvae from the ds6-3 leaves chewed 
only shallow gouges in the boll 
surface, whereas the boll contents 
were almost intact.

Together,  these data indicate that the transgenic 

dsCYP6AE14 cotton plants were less damaged by cotton 

bollworms in comparison with the untransformed control.



2. II相反应及其代谢酶研究进展

        在酶的催化下将内源性的极性小分子如葡萄糖醛酸、

硫酸、氨基酸、谷胱甘肽等结合到药物分子中或I相反应的

药物代谢产物中，使药物去活化以及产生水溶性的代谢物，

有利于从尿和胆汁中排泄，并限制了肠道的吸收。

催化Ⅱ相反应的酶有许多，其中主要的有:

葡萄糖醛酸转移酶、谷胱甘肽-S-转移酶、磺基转移酶和乙

酰基转移酶等。





    谷胱甘肽-S-转移酶(GST)则是II反应中最主要的代谢酶。GST主

要功能为：一方面，催化还原性谷胱甘肽(GSH)与毒性化合物的活性

产物共轭结合，可减弱毒性，增加水溶性，利于毒物从尿和胆汁排

泄，在解毒系统中起重要作用。另一方面，还可催化GSH与亲电中间

代谢物的结合，减少这些化合物与细胞内生物大分子如DNA等结合的

可能性，清除脂类过氧化物，抑制脂质过氧化作用，间接诱导DNA修

复，维持细胞基因组完整性的作用，是抗氧化酶系的组成之一。





In bile duct cannulated rats, considerable 

amounts of glucuronides(葡萄糖醛酸) 

(G1, G2 and G3; 58.8–83.2% of dose) 

and parent compound (5.0–20%) were 

excreted into bile after IV administration.



Further, gossypol was subjected to 
rapid glucuronidation(葡醛酸结合反应) 
by liver and intestine microsomes. 
Reaction phenotyping showed that 
multiple UGT1A enzymes (including 
UGT1A1, 1A3, 1A7 and 1A8) are mainly 
responsible for gossypol metabolism.



    位于细胞膜上的药物转运蛋白ABC是III相反应中主要的药

物外排载体，参与各种结构类型的毒物、药物、代谢物和化

合物的外排。

P-gp最早于1976年在中国仓鼠(Cricetulus)卵巢中发现。

3. III相反应及其代谢酶研究进展



The results demonstrated that the PRI（伯氨喹） and 
MEF（甲氟喹） sensitisation mechanism mainly 
depends on the inhibition of p-glycoprotein (P-gp).



The results showed that in the presence of BaP(苯并芘) at 10, 20 and 30 
mM, the number of cells remained stable over time without signs of BaP 
toxicity.

In the presence of both 20 and 30 mM BaP, P-gp expression was 
clearly induced during the experiment.



 肝胰腺

鳃

维拉帕米可降低恩诺沙星的代谢和消除速

率，同时可增加药物在体内的残留量。推

测脊尾白虾P-gp可介导恩诺沙星及代谢物

环丙沙星的外排。



Testing of several commercial 

mixtures confirmed their potential 

to inhibit the fish P-glycoprotein 

and modulate toxicity of other 

xenobiotics present in complex 

environmental samples.



思 考：

棉酚在鱼体内如何代谢？



谢  谢


