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组内活动情况：
由于开始订的题目太大，组内讨论决定将主题定在信息素上，大方向是探究信息素在同种动物间所起到的信息传递作用，后经组内讨论和与三位PI的讨论，PI建议方向和最终组内意见为：
黄牛老师：建议将题目定在信息素小分子和受体细胞表面G蛋白偶联受体之间的相互作用上，重点是研究不同的配体与不同的受体之间的相互作用，而引起的受体结构变化并最终调节受体细胞内的第二信使，方向更偏结构，黄牛老师对这种研究的过程给出了大体思路上的指导。
饶毅老师：饶老师建议组内可以探究人类的信息素的构成，或者验证人类信息素的有无，这一领域一直争议很大，饶老师提醒我们可以使用诸如液相色谱之类的分离技术对可能存在的信息素进行分离，并通过行为进行分析。
罗敏敏老师：罗老师由于对嗅觉和信息素领域研究的很多，对领域进展和具体问题了解很深刻，给我们的建议非常的基本并且具体，他提出，现在关于信息素的研究的两个基本的问题是：1、在Hela细胞中特异的表达信息素受体的上膜；2、信息素所引起的体内的神经内分你的途径和机理。罗老师在细节方面对我们进行了具体的指导，并制定了一些比较具体的研究方案并推荐了很多具有里程碑意义的文献。
组内讨论方向：这个方案其实是我感兴趣的，主要研究的是Bruce effect，动物既然存在这种效用，必定说明其信息素存在个体差异性，而导致这种差异性的原因可能是基因的不同或者是表观遗传的不同，尤其是这种差别最终可以被其他个体识别并引起诸如母鼠终止妊娠的反应。从逻辑上来讲，我认为在产生信息素配体的细胞中必存在表达上的不同，而在受体的VON上也存在感知这种不同的机制，经过文献阅读，我敢肯定的是，这种机制没有人做出来过。
在小组活动的三个星期左右的时间里，我们组织了几次会议对课题进行讨论，并细化方向：
2008-7-18号中午，第一次组内会议；
2008-7-21号中午，第二次组内会议；
2008-7-29号下午，先与黄牛老师座谈，后与饶毅老师座谈；
2008-8-7号中午，与罗敏敏老师座谈。
相关重要文献及其内容的概括：
文献一：Encoding Gender and Individual Information in the Mouse Vomeronasal Organ

文献中使用的主要是Ca成像和电生理的方法，来探测在特定刺激下所作出反应的细胞，主要目的是检测出对性别和个体进行特定反应的细胞位置和数目，并定义了MUSC\FUSC这两种负责对性别信息进行检测的细胞，文中使用了G-CaMP2受体，把外激素的变化直接转换为离子通道的开放。
文献二：Sex-specific peptides from exocrine glands stimulate mouse vomeronasal sensory neurons

文中发现性激素可由眼睛分泌。由外泪腺分泌的一种雄性特有的非挥发性小肽在如面部接触等物理接触过程中会转移到雌性的信息素传感器官中，刺激特定信息素受体神经元，引起电反应。雄性的“ESP1”是一个以前未被识别出的多基因家族的一员。尚待识别的雌性信号以类似的方式发挥作用，说明这些信息素通过特定求偶行为调控性通信，而这反过来又能确保正确的性识别和辨别。
文献三：Insect olfactory receptors are heteromeric ligand-gated ion channels Drosophila odorant receptors are both ligand-gated and cyclic-nucleotide-activated cation channels

在从细菌到人类在内的很多生物中，嗅觉提示是由G蛋白家族来探测的，这些受体此前一直被划分为G-蛋白耦合受体。然而，昆虫形成了非常简单而有效的嗅觉， 在这种嗅觉中，气味受体需要第二个成分才能正确发挥功能，该成分便是“铁通道形成伴护蛋白Or83b”，这些异型受体形成受配体门控的阳离子通道，它们并不依赖于G-蛋白耦合的第二种信使，其他受体也许能够表现出类似的铁通道活性。除了引导通道激活外，结合到气味受体上的配体还能引起G-蛋白耦合通道的激活。
文献四：Encoding pheromonal signals in the accessory olfactory bulb of behaving mice

这篇文献比较早，主要是说明了在哺乳动物体内由AOB来编码外激素信息，并通过某种机制将外激素信息转化为神经内分泌信息来调控动物行为，主要用的是电生理的方法。
文献五：Cortical-Like Functional Organization of the Pheromone-Processing Circuits in the Medial Amygdal信息素（pheromone）可以调节动物的社会行为和生殖行为，在处理信息素信号的神经通路中，内侧杏仁核处于核心位置。目前为止，内侧杏仁核处理信号的细胞机制尚未被阐明。曾经有学者提出内侧杏仁核采用类似纹状体的神经环路。纹状体向其目标区域提供抑制性投射，投射神经元呈星型，有延迟放电等独特的生理特性。文中使用神经示踪技术，遗传标记GABA能神经元的方法，以及对谷氨酸能的突触进行免疫组化的办法，证明内侧杏仁核对下丘脑腹内核主要提供兴奋性输出。全细胞膜片钳记录的结果显示：投射到腹内核的神经元在细胞形态和内在特性方面形成均一的群体。几乎所有的神经元都有H电流和T电流，这些神经元的树突会延伸至内侧杏仁核的外层来，以接受上一级感觉皮层的直接的兴奋性输入。它们还接受局部GABA能的神经元的抑制性输入。这些结果表明：内侧杏仁核通过独特的皮层环路，而不是采用纹状体环路来处理信息素信息。
对于课题的相关知识及其理解
    In many species, the exchange of information involves the emission and detection of pheromones.

    Basic mechanisms of Pheromone detection have been identified in various animal species, and here we will review recent investigations into molecular and neuronal sensory processing in several species.

    Pheromones are chemicals released by an organism into its environment enabling it to communicate with other members of its own species

Evolution of pheromone signals

     In insects, pheromone signals are detected by ultrasensitive receptors, and a given signal can elicit distinct responses according to the gender and social status of the recipient.

Alarm pheromones are used simultaneously to alert, attract and evoke aggression, and to induce different behaviors。
     For vertebrates, aquatic and terrestrial environments each impose unique constraints on chemical communication.

     In terrestrial environments, chemo-signals can be either volatile or non-volatile.

The vomeronasal system, which is thought to process mostly non-volatile pheromones.

      Pheromone communication is a two-component system: signaling pheromones and receiving sensory neurons.

     Classical bioassays have suggested that they are nonvolatile, activate vomeronasal sensory signaling neurons, and regulate innate social behaviors and neuroendocrine release.

      More recently, molecular characterization has revealed that the primary signal transduction machinery of MOE neurons is distinct from that of VNO neurons

      Ligands for both structures activates specific G protein-coupled receptors (GPCRs) 

While it is true that the MOE responds to odorants and VNO neurons respond to pheromones.    ------ (reviewd in Dulac and Torello, 2003, and Brennan and keverne, 2004) in appears that the converse may also occur. 

     Scientists in Philadelphia have established for the first time that the human body produces pheromones, special aromatic chemical compounds discharged by one individual that affect the sexual physiology of another.

Insect Pheromones

Alarm Pheromone

When an ant is disturbed, it releases a pheromone that can be detected by other ants several centimeters away. They are attracted by low concentrations of the pheromone and begin to move toward the region of increasing concentration. As they get nearer to their disturbed nestmate, their response changes to one of alarm. The higher concentration causes them to run about as they work to remedy the disturbance. 

Unless additional amounts of the alarm pheromone are released, it soon dissipates. This ensures that once the emergency is over, the ants return quietly to their former occupations. 

Honeybees also have an alarm pheromone (which is a good thing not to elicit around a colony of "Africanized" bees). 

Trail Pheromone

Certain ants, as they return to the nest with food, lay down a trail pheromone. This trail attracts and guides other ants to the food. It is continually renewed as long as the food holds out. When the supply begins to dwindle, trailmaking ceases. The trail pheromone evaporates quickly so other ants stop coming to the site and are not confused by old trails when food is found elsewhere. And at least in one species of ant, trails that no longer lead to food are also marked with a repellant pheromone. 

A stick treated with the trail pheromone of an ant (left) can be used to make an artificial trail with is followed closely by other ants emerging from their nest (right). The trail will not be maintained by other ants unless food is placed at its end. (Photos courtesy of Sol Mednick and Scientific American). 

Queen Mandibular Pheromone

Honeybee queens spend their lives literally surrounded by a retinue of worker bees. The workers are attracted to her by a pheromone that she releases from her mandibular glands. The pheromone is a mixture of alcohols and organic acids. Among its effects: 

inducing the workers to feed and groom her; 

inhibiting the workers from building queen cells and rearing new queens; 

inhibiting ovary development in the workers. 

Sex Attractants

Hundreds of pheromones are known with which one sex (usually the female) of an insect species attracts its mates. Many of these sex attractants - or their close chemical relatives - are available commercially. They have proved useful weapons against insect pests in two ways: 

Male Confusion 

Distributing a sex attractant throughout an area masks the insect's own attractant and thus may prevent the sexes getting together. This "communication disruption" has been used successfully against a wide variety of important pests. For example, the sex attractant of the cotton boll weevil has reduced the need for conventional chemical insecticides by more than half in some cotton-growing areas. 

Insect Monitoring Insect sex attractants are also valuable in monitoring pest populations. By baiting traps with the appropriate pheromone, a build-up of the pest population can be spotted early. Even if a conventional insecticide is the weapon chosen, its early use reduces 

the amount needed 

damage to the crop 

cost to the grower 

possible damage to the environment.

Early detection of pest build-up is a key ingredient in the system known as integrated pest management (IPM). 

The photo (courtesy of USDA) shows the feathery antennae of a male gypsy moth. These detect the pheromone released by the females (who do not fly). In some insects, a single molecule of sex attractant is enough to elicit a response. 

Sexual Deception

By an animal

Many species of spiders prey exclusively on moths of certain species and only on the males. 

Studies of one species of spider, Mastophora cornigera, show that it releases a mixture of volatile compounds that mimic the sex pheromone of the moth species it preys upon. Male moths flying upwind in search of a female end up eaten instead! 

By a plant

A number of species of orchids — each pollinated by the males of a single species of insect (wasps or bees) — emit the same pheromone that is the sex attractant by which females of the insect species attract the males for mating. 

Pheromones in Mammals

Releaser Pheromones

Many mammals (e.g., dogs and cats) deposit chemicals in and/or around their "territory". As these vaporize, they signal to other members of the species of the presence of the occupant of the territory. 

Domestic rabbit mothers release a mammary pheromone that triggers immediate nursing behavior by their babies (pups). A good thing, too, as mothers devote only 5–7 minutes a day to feeding their pups so they had better be quick about it. 

Primer Pheromones

Rats and mice give off pheromones that elicit mating behavior. However, the response is not immediate as it is in the releaser pheromones of mother rabbits and insects. Instead, detection of the pheromone primes the endocrine system of the recipient to make the changes, e.g., ovulation, needed for successful mating. 

Primer pheromones are detected by the olfactory epithelium with which normal odors are detected and also in most mammals (but not humans) by the vomeronasal organ (VNO). The VNO is a patch of receptor tissue in the nasal cavity distinct from the olfactory epithelium. The receptors are G-protein-coupled transmembrane proteins similar to those that mediate olfaction, but encoded by entirely different genes. 

The neurons leading from the VNO take a separate path into and through the brain. 

Humans may have pheromones

It has long been noticed that women living close together (e.g., college roommates) develop synchronous menstrual cycles. 

This is thought to be because they release two (as yet uncharacterized) primer pheromones 

one prior to ovulation that tends to speed up the onset of ovulation in others 

one after ovulation that tends to delay the onset of ovulation in other women. 

Both pheromones are released from the armpits. 

The pheromones are not detected consciously as odors, but presumably trigger the hormonal changes that mediate the menstrual cycle. 

Transport of G protein-coupled receptors (GPCRs) to the cell surface membrane is critical in order for the receptors to recognize their ligands.

Transmembrane proteins RTP1 and RTP2 promote functional cell surface expression of ORs expressed in HEK293T cells. Genes encoding these proteins are expressed specifically in olfactory neurons. These proteins are associated with OR proteins and enhance the OR responses to odorants. Similar although weaker effects were seen with a third protein, REEP1.

RTP1 and RTP2 in particular play significant roles in the translocation of ORs to the plasma membrane as well as in the function of ORs.

In the olfactory sensory neurons, seven transmembrane odorant receptor (OR) proteins, members of the G protein-coupled receptor (GPRC) superfamily,are synthesized in the ER, transported, and eventually concentrated at the cell surface membrane of the cilia at the tip of the dendrite.

The REEP1 gene encodes a protein of 201 amino acids containing two putative transmembrane domains

Olfactory neurons have selective molecular machinery that promotes proper targeting of OR proteins to the cell surface, but no components of this machinery have been identified. 

We discovered RTP1 and RTP2 that promote cell surface expression of ORs, are expressed specifically by olfactory neurons, interact with OR proteins, and enhance responses to odorants when coexpressed with ORs in 293T cells. Similar though much weaker effects were seen with a third protein, REEP1.

We constructed modified LongSAGE (serial analysis of gene expression) as well as neurons from the vomeronasal organ and collected genes that are expressed by these neurons (see Supplemental Experimental Procedures for details). To identify candidate genes expressed by the olfactory neurons, we also used Digital Differential Display (http:// www.ncbi.nlm.nih.gov/UniGene/info_ddd.shtml). Candidate genes were investigated for ORFs that encode membrane-associated proteins.Wealso selected genes with similarities to known chaperones and cloned the cDNAs from olfactory epithelium cDNAs. We verified the mRNA expression of each gene by in situ hybridization. After isolating and subcloning into mammalian expression vectors, we transfected each cDNA together with a mouse OR (MOR203-1) tagged with 20 N-terminal amino acids of rhodopsin (Rho-tag), into 293T cells. We measured whether these clones had any effect on the cell surface expression of ORs by staining living cells using antibodies against the Rho-tag (Laird and Molday, 1988). 

When MOR203-1 was transfected alone, antibody staining detected only faint cell surface expression in less than 1% of the cells 

in order to quantify the numbers and intensity of immunopositive cells, we performed fluorescence-activated cell sorting (FACS) analysis. To monitor transfection and staining efficiency, HA-tagged 2AR was used.

RTP1 and RTP2 genes encode proteins with 263 and 223 amino acids, respectively, and share a 73% sequence identity in amino acid level.

The REEP1 gene encodes a protein of 201 amino acides containing two putative transmambrane domains.

RTP1, RTP2, and REEP1 Are Specifically Expressed in Olfactory Neurons

Poor odorant-evoked signaling activity in heterogous cell culture systems expressing ORs has been attributed to the poor cell surface expression of ORs.

Pheromone receptor expression:  

在Functional expression of murine V2R pheromone receptors involves selective association with the M10 and M1 families of MHC class Ib molecules( Cell 2003，112,607–618)这篇文章中介绍了M10和M1这两类分子在VON中存在特异性表达，而且单细胞的RT-PCR证明在不同细胞中表达不同。
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文中共表达了beta2m分子（一种与MHC分子有相互作用的蛋白）与M10.5和V2R会提高V2R的表达：
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 C图为共表达结果，可以见到M10.5与V2R的共定位于膜上。
另一篇文章Combinatorial Coexpression of Neural and Immune Multigene Families in Mouse Vomeronasal Sensory Neurons（ current biology, Vol 13, 394-400, 4 March 2003）
在体内实验证明MHC class Ib 分子与V2R 的共表达为nonrandom.
但是第一篇文章并没有提到转染细胞对pheromone的response.

在Target regulation of V2R expression and functional maturation in vomeronasal sensory neurons in vitro.（Eur J Neurosci,2007 Dec）的摘要中提到共培养VONs(VR1 and VR4)与AOB neurons,使V2R的表达量提高，并且从calcium imaging analysis中得到其反应类似于V2R，而为共培养的细胞没有反应。这篇文章没有找到原文。
在Combinatorial co-expression of pheromone receptors, V2Rs（J Neurochem,2007 Dec）这篇文章的摘要中提到，V2R的四个家族A、B、C、D中C家族会与其他家族出现共表达。而且Further analyses revealed non-random combinations of co-expression between family-C V2Rs and genes of the class Ib major histocompatibility complex。这篇文章也未找到原文。
