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OKADA, Ayaka 
 

Molecular Biological Studies of the Functions of  
Equine Herpesvirus Type 1 Tegument Protein VP22 

Equine herpesvirus type1 (EHV-1) is a cause of rhinopneumonitis, abortion, respiratory infection 
and neurological diseases in horses. EHV-1 is a DNA virus belonging to the subfamily 
Alphaherpesvirinae. The mechanisms of EHV-1 replication is still unclear. EHV-1 virion is composed of 
four concentric compartments including the core, the capsid, the tegument, and the envelope. The 
tegument, which consisted of about 20 viral tegument proteins, comprises an amorphous structure 
between the capsid and the envelope. Viral replication is facilitated by some tegument proteins, such as 
VP16, which activates the transcription of immediate-early genes, and VHS, which degrades host 
mRNAs. Therefore tegument proteins would have important roles in the early stage of herpesvirus 
replication. However, the functions of many tegument proteins are unknown.  

In the present study, the author focused on one of the most abundant tegument proteins, VP22, 
and the objective was to clarify the function of VP22 in EHV-1 replication. 

In Chapter I, the author investigated the intracellular localization of VP22 in infected cells. An 
anti-VP22 polyclonal antibody was prepared by immunizing a rabbit with recombinant GST-VP22 
protein. The localization of VP22 in EHV-1 neuropathogenicity strain, Ab4p attB, -infected cells was 
analyzed by indirect immunofluorescence assay. In MDBK cells infected with Ab4p attB, most of VP22 
was first detected at 4 hours post infection (hpi) in the cytoplasm and a part of VP22 in the nucleus. The 
number of cells with nuclear distribution of VP22 increased at 6 hpi. Expression of VP22 in infected 
MDBK cells was detected as two signals of approximately 33 kDa and 37 kDa, which were the predicted 
size and larger size of VP22, respectively, by western blotting with anti-VP22 antibody. The larger band 
of 37kDa disappeared when the infected cell lysate was treated with alkaline phosphatase, suggesting 
that VP22 is phosphorylated in infected cells. 

In chapter II, the roles of VP22 in viral replication were characterized by using a VP22 deletion 
mutant (Ab4p∆VP22) and a revertant (Ab4p∆VP22R). Ab4p∆VP22 was constructed by replacing the 
VP22 gene sequence of Ab4p attB genome with the rpsL-neo cassette and Ab4p∆VP22R was constructed 
by replacing the rpsL-neo cassette of Ab4p∆VP22 with the native VP22 gene sequence. The growths of 
the viruses were compared in one-step growth experiments in MDBK cells. The growth rates of Ab4p 
attB, a parent virus, and Ab4p∆VP22R were similar to each other, whereas the growth rate of 
Ab4p∆VP22 was significantly lower than that of the others. This suggests that VP22 is required for 
efficient viral growth in cultured cells, although VP22 is not essential for viral growth. To evaluate the 
virulence of Ab4p∆VP22 in vivo, Syrian hamsters were inoculated with Ab4p attB, Ab4p∆VP22 and 
Ab4p∆VP22R. The results suggested that the virulence of the three viruses were the same, indicating 
that VP22 is not associated with the virulence of EHV-1 in the hamster model. 

In Chapter III, the effect of VP22 on the expressions of various viral proteins was examined in 



MDBK cells by western blotting using anti EHV-1 antibody. The expressions of some viral proteins in 
Ab4p∆VP22-infected cells were lower than those in Ab4pattB and Ab4p∆VP22R-infected cells. One of 
these weakly expressed proteins was detected at 2 hpi and had a molecular weight of about 150 kDa. 
This 150 kDa protein was identified as ICP4, which is a major regulatory protein encoded by the 
immediate early gene of EHV-1. ICP4 plays a crucial role as a transcription activator for early genes. To 
investigate whether the low expression level of ICP4 affects viral mRNA transcription in the viral 
replication, mRNA levels of one of the early genes, ICP0, were evaluated. The mRNA levels of ICP0 were 
not different among Ab4pattB, Ab4p∆VP22 and Ab4p∆VP22R, suggesting that even the low ICP4 
expression in Ab4p∆VP22-infected cells was enough to induce the expression of early genes. Also, the 
finding that the mRNA levels of ICP4 were not different among each virus indicated that VP22 affects 
the translation of viral mRNA post-transcriptionally. 

In conclusion, the present study revealed that VP22 is required for efficient viral growth in 
epithelial cells. On the other hand, it was shown that VP22 is not required for virulence in the hamster 
model. However, viral replication in the respiratory epithelium is important in an early stage in EHV-1 
infected horses. Therefore VP22 might play an important role in EHV-1 natural infection in horses.     

These present studies reveal a novel role of VP22: VP22 increases viral protein expression and 
enhances viral growth in cultured cells. Although some viral proteins are generally known to be 
associated with the transcription of viral genes in DNA viruses, so far little is known about a viral 
protein associating with translation. Therefore it is a new insight that a viral protein of DNA viruses 
has the potential to facilitate translation in infected cells.




