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摘 要 

 I

摘 要 

病毒是海洋中丰度最大，多样性最为丰富的组成。浮游病毒在整个海洋微生

物生态过程和海洋物质能量循环中都起着非常重要的作用。为了深入认识海洋浮

游病毒的生态分布特征，理解病毒的生态重要性，本论文首先对典型河口海洋生

态系统的病毒的分布和动态变化进行生态调查。本论文另一部分的研究是以海洋

环境中一个非常重要的细菌类群－玫瑰杆菌（Roseobacter）为研究宿主，对其进

行病毒相关的系列研究。研究对象包括Roseobacter基因组中的基因转移子（GTA）

和前噬菌体（prophage），以及感染Roseobacter的特异噬菌体－Roseophage。本

论文主要研究结果是： 

（1）研究长江口海洋浮游病毒的生态分布以及时空的动态变化。结果显示

长江口浮游病毒的丰度在6.75×105-1.68×107 particles/ml之间，病毒丰度同细菌丰

度具有相关性，同叶绿素和其他环境因子没有明显的相关性。研究发现长江口海

区浮游病毒分布有着不同于其他海洋环境的特殊季节变化特征，除了在夏季，冬

季也出现病毒丰度的高值。深入分析表明冬季高丰度病毒受多因子调控，细菌丰

度不再是影响浮游病毒丰度的主要因子，人为活动排放含高丰度病毒颗粒的污水

成为影响冬季长江口浮游病毒生态分布的关键因子。 

（2）根据Roseobacter基因组中保守的基因转移子GTA-g5基因，设计兼并引

物来研究Roseobacter和Rhodobacter在Chesapeake Bay的分子多样性。研究建立了

四个代表不同季节和站位的克隆文库，共得到158条属于12个不同亚群的g5环境

序列。分析表明在Chesapeake Bay g5基因具有很高的多样性，时空上有明显的差

异，不同的盐度的站位之间差异很大，冬夏两季的优势类群差异也非常明显。比

较冬季Chespeake Bay Roseobacter的16S rRNA基因和GTA-g5基因分别构建的进

化树发现两者之间有很大的相似性，表明在海洋环境里的Roseobacter和可培养的

Roseobacter菌株一样都广泛的包含GTA基因。研究证实g5基因可以作为一个很有

用的基因标记来研究自然海水中Roseobacter的多样性，同时也说明通过GTA介导

的水平基因转移是一个维持这类细菌适应复杂多变的海洋环境的重要机制。 

（3）使用基因组分析的方法识别出Roseovarius nubinhibens ISM基因组中一

个“隐藏”的前噬菌体，ISM-pro1。DNA和蛋白分析的方法都证实ISM-pro1是一

个可被诱导，有功能的前噬菌体。在对ISM-pro1的基因组进行分析和重新注释后
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发现大部分ISM-pro1的开放阅读框（ORFs）同Rhodobacterales细菌的基因同源，

只有几个基因同其他已知噬菌体或前噬菌体的基因同源，且距离较远。比较基因

组学分析显示同ISM-pro1相似的前噬菌体结构在其他一些Rhodobacterales细菌

的基因组中也广泛存在。另外，发现ISM诱导出的类病毒颗粒（VLPs）中还有一

些包含小基因组DNA的颗粒。这些VLPs有可能是细菌释放的GTA。我们的研究

表明结合基因组分析和生物学实验来研究细菌的溶源特征是非常有必要的。 

（4）研究分离纯化出四株感染Silicibacter pomeroyi DSS-3和Sulfitobacter sp. 

EE-36的噬菌体，并对它们的生物学特性进行研究。电镜观测显示有三株噬菌体

属于短尾噬菌体并且彼此形态相似，另外一株属于长尾噬菌体。这四株噬菌体都

为宿主特异。生长曲线显示DSS3Φ1的潜伏期约为2.5 h，爆发期约为6 h，爆发量

约为30；DSS3Φ2的潜伏期约为3h，爆发期约为12 h，爆发量约为350；EE36Φ1

的潜伏期约为2 h，爆发期约为10 h，爆发量约为1500。SDS-PAGE电泳显示三株

短尾噬菌体具有非常相似的蛋白图谱，但它们基因组DNA的限制性酶切图谱有

明显的差异。 

（5）对DSS3Φ2和EE36Φ1两株噬菌体进行基因组测序和生物信息学分析。

研究发现这两株噬菌体之间在基因组组成和结构上高度相似，并且它们都显示出

同一株生理特性上具有许多特殊特性的大肠杆菌噬菌体N4的相似性。DSS3Φ2和

EE36Φ1基因组大小分别为74.6和73.3 kb，它们的基因组中分别识别出81和79个

ORF。两株噬菌体基因组中都有26个同N4同源的基因，包含同N4相似的保守的

转录系统和DNA复制系统、DNA代谢相关基因、结构基因以及其他一些基因。

DSS3Φ2和EE36Φ1还编码一些同宿主基因同源基因。这是首次关于感染海洋细菌

N4-like噬菌体的报道，也是第二个关于N4-like噬菌体的报道。 

 

关键词：海洋浮游病毒；玫瑰杆菌；前噬菌体；基因转移子；玫瑰杆菌噬菌体 厦
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Abstract 

Viruses are the most abundant and diverse components of marine environment. 

Viruses have significant influences on marine biogeochemical and ecological 

processes. In order to better understand the dynamic of viral abundance, we 

performed a seasonal investigation on the abundance of virus in typical marine 

estuarine environment. We also performed some virus-related studies on an important 

marine bacterial group-Roseobacter, including Gene transfer agents (GTAs) and 

prophages in Roseobacter genomes, bacteriophages which infect Roseobacter. The 

main outcomes include: 

(1) Seasonal investigation of virus dynamic was conducted in the Yangtze river 

estuarine area. Total viral abundance varied with season and location, ranging from 

6.75×105-1.68×107/ml. There was a close correlation between viral abundance and 

bacterial abundance but not chlorophyll-a or other environmental parameters. Viral 

abundance peaked in both summer and winter. However, the driving forces for the 

two peaks were different, the summer viral abundance peak coupled with the 

development of bacterial hosts, while the winter one seemed to be multi-factor 

controlled. The high virus-containing freshwater discharge turned out to be the first 

factor contributing to the high winter viral abundance in winter. 

(2) The genetic diversity of Roseobacter and Rhodobacter was studied in 

Chesapeake Bay by using a specific PCR primer set targeting the conserved GTA 

major capsid protein gene (g5). Four g5 clone libraries were constructed from 

microbial assemblages representing different regions and seasons of the bay. In total, 

12 g5 clusters could be identified among 158 clones. The composition of g5 

sequences varied dramatically along the bay, and a distinct Roseobacter population 

composition between winter and summer was observed. The congruence between g5 

and 16S rRNA gene phylogenies indicates that g5 may serve as a useful genetic 

marker to investigate diversity and abundance of Roseobacter in natural environments. 

The presence of g5 gene in the natural populations of Roseobacter and Rhodobacter 

implies that genetic exchange through GTA transduction could be an important 
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mechanism for maintaining the metabolic flexibility of these bacteria groups. 

(3) A“hidden”prophage (ISM-pro1) was identified in Roseovarius nubinhibens 

ISM genome by using genomic analysis method. We demonstrated that ISM-pro1 is 

an inducible and functional prophage by using DNA and protein approaches. 

Genomic analysis and reannotation showed that most of the ISM-pro1 open reading 

frames (ORFs) display the highest sequence similarity with Rhodobacterales bacterial 

genes and some ORFs are only distantly related to genes of other known phages or 

prophages. Comparative genomic analyses indicated that ISM-pro1-like prophage 

structures are also present in other Rhodobacterales genomes. In addition, the lysis of 

ISM by ISM-pro1 appeared to increase the production of GTAs. Our study suggests 

that a combination of in silico genomic analyses and experimental laboratory work is 

needed to fully understand the lysogenic features of a given bacterium. 

(4) Four Roseophages that infect Silicibacter pomeroyi DSS-3 and Sulfitobacter 

sp. EE-36 were isolated and characterized in terms of morphology, genome size, 

protein fingerprint, host range and growth curve. Among these Roseophages, three are 

podoviruses, the other one is siphovirus. All these Roseophages are host specific. 

SDS-PAGE and PFGE analysis showed that three podoviruses have similar protein 

fingerprinting profiles and genome sizes. However, restriction enzyme digestion 

profiles showed that these Roseophages are different from each other.  

(5) The genomes of DSS3Φ2 and EE36Φ1 were sequenced and analyzed. 

Overall, the two Roseophages are highly closely related and they both resemble 

bacteriophage N4 in terms of genomic structure. The genome sizes of DSS3Φ2 and 

EE36Φ1 are 74.6 and 73.3 kb, respectively. Both ophages contain 26 N4-like genes, 

including a large virion-encapsidated RNA polymerase gene (> 10 kb), a conserved 

DNA replication module, DNA metabolism genes, structural genes and some other 

genes. Both phages possess several genes that are most similar to the genes in 

roseobacters. This is the first report of N4-like phages infecting marine bacteria and 

the second report of N4-like phage since the discovery of phage N4 40 years ago. 

Key words: Marine virus; Roseobacter; Prophage; Gene transfer agent; Roseophages 
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