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Retroviruses 

    This is an unusual group of virus , it is completely different from  other  viruses from a different type of view, these viruses in their host generally they are producing tumors ; if they are in birds they will produce tumors in birds , if they are in monkeys they will produce tumors in monkeys , but if they change their host and go to another one ;in the 2nd host they will cause a very severe disease that can kill this newly infected person or animal , like HIV it is mainly  an animal virus  (simian or monkey virus ) , when transmitted to the human being it starts to produce AIDS ( this is a killing agent in human being ).
    So these viruses when they get mutations , they change their characteristics , and start to infect other hosts and causing them severe diseases.

In this lecture we will talk about these viruses :

- history 

- common characteristics 

- classification ( according to their infection or structure or host )

- structure 

-retroviruses -all of them- have at least 3 different genes ; one is responsible for the production of certain proteins ( at least 3 different types of proteins are produced by that virus ).
-Also when they replicate/grow inside the cell they will induce the production of early proteins and late proteins.

 (WIKI:  Early proteins are those produced following entry into the host cell but prior to replication The expression of these genes, commonly encoding non-structural proteins, initiates replication of the genome and expression of late genes. A late protein is a viral protein that is formed after replication of the virus.)
- this group is unique , mainly found in vertebrate , have a large diverse of families includes HIV, FIV (Feline Immunodeficiency Virus)  ,FeLV (Feline leukemia virus) ,if we want to define them we will look for the structure and their replication .

- normally any virus or any DNA or  protein synthesis it starts from :DNA→RNA →protein production ,This is called the Central dogma .but in these viruses it is different , it start in the RNA (Generally in this case it is +ve RNA which looks like mRNA ) then they will produce DNA from the RNA , that DNA will produce another RNA and this RNA will produce the proteins.   (+ve RNA→ DNA → RNA →protein)

 

- their transmission , it has 2 types :
1. vertical transmission ( mother to the fetus )

2. horizontal transmission ( from one person to another , animal to animal ) 
          They are a strange type of viruses , the first time they were discovered by whose name is Baltimore and Temin , they were working with Rous Sarcoma Virus (RSV) which produce tumor in chickens , that  virus when they started to replicate it ,it was completely different :

-  it didn’t have the normal central dogma that was known at that time, they also didn’t                know that the RNA can be a template for DNA 
-  the other thing is that the nucleic acid or the genome of these viruses they are of 2 types: 
· one is very simple which has only the 3 genes  gag (group specific antigen), pol (polymerase enzyme ) , env (envelope). 
· The other is complex which have other genes which are important in the regulation of the replication of that cell and regulation of the host cell it self .
- In 1980 they discovered the T-cell leukemia virus , this was the first virus which we 
   are  100%  sure it can produce a tumor in humans and also Human Papilloma virus. 
- In 1982 HIV was discovered .

- In 1990 the first treatment  of HIV where they started to treat  adenosine  deaminase
   ( ADA )deficiency ,and the Xenotropic murine  leukemia was discovered in 2006.
So these viruses are important, they all develop tumors , these viruses are the main thing that produce oncogene , generally these retroviruses found or sth like it in the human body or animals which looks like proto-oncogenes ( WIKI: A proto-oncogene is a normal gene that can become an oncogene due to mutations or increased expression) , if any mutation happen to them it will become oncogene which is mainly the retroviral martial . 
These viruses (the oncogene viruses ) in their host they will cause a tumor but in other host they will cause another infectious disease not a tumor .

When we classify these viruses in to subfamilies , again it depend on their effect on the cell :
1- spumaviruses :- they can produce foam : a structure in the cell if you look under the microscope it will look like a foam  , full of vacuoles .

2- lentiviruses :- a slow growing viruses ; generally as you know the HIV when it enters the body it  will cause a  primary infection , stay for 2-3 weeks like a flu or whatever , then it will be dormant for a long long period maybe1 year, 2 years sometimes 10 years  it is found in the body but no clinical picture , then they will flare again . that’s why they are called lentivirus ( means slow growing virus ) . examples; HIV1,HIV2 in human , simian virus 1 in monkeys  ,  Feline Immunodeficiency in cats 
3- oncogenic viruses: they are many  , examples ; avian oncoviruses like RSV ( Rous  sarcoma virus ), AMV (Avian Myeloma Virus ) , AEV (Avian encephalomyelitis virus) they produce tumors in animals.  in humans T-lymphocyte virus, HTLV-1and 2  (The Human T-lymphotropic virus Type I) they produce lymphoma in human beings .
Classification according to their structure , genome , shape :

1- Alpha viruses : avian leukemia virus (simple structure)
2- Beta viruses: monkey memory tumor virus (simple structure)
3- Gamma viruses :murine leukemia viruses , Feline Leukemia Virus (FeLV) , xenotropic murine leukemia related virus
4- Delta virus : in human t-cell leukemia  is complex 
5- epsilon virus is complex  
6- lentivirus (HIV) is complex 

- the retroviruses 
1- all of them are enveloped which means they have envelope around them , and the envelope mainly is the infected cell’s membrane with special proteins coming from it  .
2- they have capsid .

3- they have a double-strand RNA , it is not circular it is open 2 strands of RNA .
4- they have the reverse transcriptase enzyme , each one is bound to one of these strands so there is two .  it is mainly used to produce DNA from them which will be integrated with host cell 
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It was classified according to morphology/ shape / structure under the microscope  :-
1- A-type particles  : looks like a donut 

2- C-type particles :- eccentric 

3- B-type particles :-  central

4- D-type particles :- like a bar / block 
5- cone shaped particles like lentiviruses particles 

(WIKI :A complete virus particle, known as a virion, consists of nucleic acid surrounded by a protective coat of protein called a capsid)
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As we mentioned we have 2 strands of RNA , they are 2 copies ,one of them is positive , their size ranges from 7-10 Kb (kilo-base ), they are important in recombination rate (WIKI :Genetic recombination is a process by which a molecule of nucleic acid (usually DNA, but can also be RNA) is broken and then joined to a different one.) 

recombination rate is one of the problems in the treatment of HIV , if you have a good drug working against it today , by recombination it will change its characteristic and have a new mutation and get resistance easily even if you use different types of drugs together  .
________________________________________________________________

The nucleic structure of these viruses :-



In the regulation we have:

- primer binding site (PBS) : we need the primer to initiate the replication of the RNA .
- poly purin tract (PPT) same as U3 
- repeat sequences 

- promoter or enhancer 

- reverse transcriptase – integrase where it will bind to that DNA .

So this generally the structure of nucleic acid and proteins formed by this virus and all of them have polyadenylation,  ( WIKI :Polyadenylation is the addition of a poly(A) tail to an RNA molecule.) to transfer it from the nucleus outside and vice versa .
The complex gene have additional genes to the basic genes ( gag ,pol, env )  : BIF gene, BPR gene , BPU gene , REB gene , NIF gene , these are the type of  genes which will regulate the infected cell , they will instruct the infected cell to produced their component , and these are generally the main we  use to diagnose the stage of the disease
NOTE : Both simple and complex will produce DNA, the difference in the number of genes that are in control  , and both of them will be integrated to the DNA .
- Gag gene : group specific antigen , which means the anti body produced for this  antigen , it is common between all retroviruses , it is a group specific   

- pol : polymerase enzyme needed for transcript 
- env : envelope , these envelope proteins are important depending on their molecular weight , some is 160 Dalton and other weights (  we will take about them later and how we can use them in diagnosis of infected cell ).

This virus when it is destroying the cells wither  by lysis or budding we call it the

 Viral end stage , where the infected cell will be destroyed , here it can transmit the virus from one person to another more than the dormant stage ( where the complementary DNA  which was synthesized from mRNA is already integrated in the host’s cell DNA  so it is inactive it is dormant inside the cell , there is no  replication ) 
Some times there will be very very low amount of replication , y3ni if we have 1million cell infected maybe 10 or 20 or 50 cell will be destroyed and re-infect again just to keep them surviving because as you know the infected cell have shelf life in the body .
How can this virus replicate inside the cell ?


The life cycle (replication inside the cell ): 

1- The replication it will start  from the attachment ( in this case it has a very specialized receptor on the target cell , mainly the target cell is the CD4,  helper T-lymphocyte which has the CD4 molecule on its surface , that will serve as a receptor for the HIV virus ( it is the main receptor for attachment , the extra or the outside membrane molecular glycoproteins it will attach to it and case the intraction )
 ( WIKI :CD4 (cluster of differentiation 4) is a glycoprotein expressed on the surface of T helper cells, monocytes, macrophages, and dendritic cells.)
2- after the attachment , since they are enveloped , so the envelope around the virus will be fused with envelope of the host cell then they will enter inside the cell including the capsid but the membrane will be associated with the infected cell membrane .
3- the reverse transcriptase will be activated , DNA will be produced , then duplicated and integrated with host cell , that will be transcribed . translated  and produce the proteins then assembly and budding outside the cell.
Note the reverse transcription we started with the viral RNA, and activation of DNA to produce the virus .
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The receptors are different between viruses , for example the receptor of the murin leukemia virus(MLV)  its receptor is CAT-1 (cationic amino acid transporter ) , and the Xenotropic polytropic MLV it is different , the HIV receptor , CD4 , alone is not enough to make that receptor  it need chemokine receptor 5 if you have mutation in this receptor the virus cannot attach and will not be able to cause infection in that person  and CXCR-4 (C-X-C chemokine receptor type 4 ) so the membrane receptor for HIV virus is formed of :

1- CD4   2 - chemokine receptor 5  and CXCR-4(C-X-C chemokine receptor type4)
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HIV life cycle ( this figure is just for you to imagine the life cycle ) 
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1- Attachment to receptor 
2- fusion with the membrane and capsid go inside the cytoplasm 
3- in the cytoplasm ‘in the phagosome’  the capsid will be dissolved by proteolytic enzyme which is                                                                                                                                                 found in it 
4-  the free RNA will be elaborated from there then duplicated and translated to produce DNA 
   Then this DNA will be duplicated ( double stranded )and transferred inside the nucleus 
5- inside the nucleus it will be integrated with the nuclear DNA 
6- it enters the pro-virus or dormant stage of the virus (in which the viral DNA is integrated with  host DNA) 
7- if by one way or another if there was a super infection /loss of immunity/cytotoxic drug used then these viruses will be reactivated again this reactivation means that is DNA it will start to replicate and produce viral mRNA , other genes they will use the host machinery (wither Golgi apparatus, endoplasmic reticulum …) and then start to produce the proteins necessary for the virus 

8- assembly and release by budding .

(this part I couldn’t hear the Dr very well the record msh wade7 bs eza 7ada 7ab yrj3 ysm3 kan 3nd  el min 28:37) bas hadi el rasmeh btwade7 sho bddo bel zabt ana na2lto mn slides ) 
















Note : when the host cell divide it is not necessarily means that the virus will complete its cycle  to produce another virus , but each daughter cell will have this provirus with it 


the enveloped viruses are non-lytic viruses they don’t destroy the cell when released by budding but sometime this cell will eventually die  when the number of viruses budding increase WHY ?? because  ‘as you know the membrane is a dynamic structure , there is always chemicals moving in and out ,some receptors get metabolized then produced again’  here when you remove one piece of the cell’s membrane or cut a segment of the membrane the cell will synthesis that segment again  and repair it that’s why it wont die unless there is a lot of budding at the same time , then the cell cant cope to produce  a new membrane completely other wise the cell should survive .

the lytic viruses which don’t have envelope , it will produce huge number of viruses and the cell will burst because of that number . 

note : temperate virus means it is integrated to the DNA and it is dormant not replicating it is in latent stage .
-ALL the information above is general fit all retroviruses  except the difference in the host cell –

HIV ( human immunodeficiency virus )
This virus it was discovered in 1982, that  wasn’t the year of the virus discovery but for the discovery of a certain type of  clinical picture which is never seen before , it is a type of disease happened in a group of people , these people have certain similar characteristics all are young males (30 -35 y ) either are homosexual or drug abusers , found in one area San Francisco or in New York  and the clinical picture for them was very similar :

1-many of them started to have spots on their skin which is Kaposi sarcoma spots this is normally seen in elderly age not young .   

2-they had very very severe infection due to opportunistic microorganisms (which are found normally in the flora )     

3- all have Lymphadenopathy is a term meaning "disease of the lymph nodes."
4- some have hodking’s  lymphoma 
So all of that started them to look in this issue and what is happening to those guys  , when they examined for example under the microscope , especially in the lung , they started to see certain infection , which is Pnemocystic carinii  it is a normal infection not infectious, but in those people it caused severe  infections and died , when you take the sputum it looks like (قرص عسل  ( these characteristics can be seen in the alveoli and in lungs   . 
SOO AGAIN !! young , white ,male, from large towns ,in homosexual community .
But the question was what is the infectious agent ? bcz non of the infectious agents known back then would fit that clinical picture !! 

So they started to look in the history of the patients , are they intravenous drug abusers , do they have blood transfusion , do they have hemophilia ,those people who have these conditions they start to have the same type of infection  and characteristics sometime more severe because they are receiving large amounts of blood or clotting factors , but what is the relation ship between all these people ? 
So they started to take samples , and a scientist in Paris and two American scientists discovered the virus almost at the same time by the end of 1984 , y3ni within 2 years they identified the virus within another year there was a test for it

( very very rapid discovery ) 

Transmission of the virus :
1- sexual interaction (gay)

2- exchange blood since we found it in blood transfused patients

3- breast milk from mother to the fetus 

4- birth during the passage from the birth canal(but not every child will get the disease) 
- the transmission what ever it is , macrophages and lymphocytes must be found in the area of transmission .  the gay as you know when they practice sex , it is forceful sex , so that will cause bleeding from the rectum , that bleeding contain white blood cells , these WBC have the receptor , if there is no WBC in that area the transmission will be limited or their will be no transmission .also in breast milk transmission if the breast is normal there is no infection no WBC the transmission is almost impossible , but infection in the breast or milk or contamination of WBC , the transmission will be possible because the virus will attach to the receptor on those WBCs .
The virus is very labile it can’t survive outside the body for long period with dryness , heat or other factors .

Note : the virus is found in saliva and sweat  but there is no reported case that is transmitted through saliva or sweat  .


Possible fluid that transmit HIV :
1-saliva                                 2- blood        

3- pre-ejaculate                    4-vaginal secretions

5- breast milk                        6- semen 

7-urine                                   8- tears 
9- sweat                           10- diarrhea; if it was hemorrhagic diarrhea it will transmit it  
The underlined ones have the virus but there is no direct evidence till now it can transmit it .
In Vertical transmissiononly 10-15 % of mothers with + HIV will transmit the disease 

The other  thing is the number of viruses in that specimen , in the blood is the highest number , because the WBC circulating , then comes the semen then vaginal then breast milk the the saliva is the lowest 
HIV in different body fluids 

( the AVG number of HIV particles in 1ml of these body fluids )
-Infectious dose : there should be a certain number of microorganism to produce the disease if it was below this , they cant produce disease .

-  Why is sexually transmitted ?

Because 1- the HIV is carried by blood , semen and vaginal secretions 

                2- sex may cause tear (تمزق) in the mucosal membrane in the                                                                                  homosexuals males , it happens more in homosexual than heterosexual intercourse 
- what type of sex carries the high risk of HIV ?

Anal ranks first ( vaginal sex ( oral sex 

Their must blood mixing to have the transmission , but vaginal secretions and ejaculations always have WBCs but very low in number but in gay people forceful sex cause bleeding and so have a high risk of infection  

Note :- If there is an open wound or sores this will increase the chance of transmission .

Why is it hard to do tests for HIV ?

The most important reason is Stigmatization and prejudice barriers  
In Jordan there is only one lab that is responsible for confirming the HIV (+or -)

And acknowledged by the ministry of health since every HIV +ve  person must be registered  anonymously so any lab that get a +ve  test must send it to that lab for confirmation .
When we talked about the complex type of viruses , we said they had other genes that produce protein that control the host cell like , 

- glycoprotein we see on the cell membrane  ( projected outside the envelope) the  MW is 160 Dalton it has 2 sub units one is 120 other 41 , the 41 is the spike that enter the membrane (trans-membrane)  
-P17 

-P24                 these are Group specific antigens
-P9

Enzymes : 

-polymerase (needed to replicate the viral DNA to double the DNA)
- integrase (needed to integrate the DNA of the virus to the host cell DNA )

- protease (needed to destroy the capsid ).
There is sugar molecules which can bee found in the cell membrane as glycoproteins , their problem is that the virus’s DNA is rapidly changing so it means that the proteins produced  are rapidly changing so we can’t make a vaccine because it will change in a while, because of  these rapid changes no one was able to produce a stable vaccine till now .
Finally the complex viruses have additional genes to the basic :
Tat , Rev, Tev , Nef, Vpr, Vpu,Vif .
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Done by : Rawan Hamati
((Study well dentists ( (
Im soooo sry for being late and corrections are welcome  
question from a student : since they are +RNA why they give DNA?? why not give protein ??


A: their characteristic , the +RNA doesn’t have all the information to induce the production of proteins of the virus  , so it needs the host cell to use its machinery to produce  their protein so that’s why they produce DNA 1st then go and get integrated with the host DNA , then the machinery will start . – they + for the production of genes not proteins -





A question from a student couldn’t hear it but the answer was “ the retroviruses are indicated to be proto-oncogenes because they stay in cell dormant for  a long long period , normally they are in the cell as a proto-oncogene and can regulate certain functions  , if any mutation happen to them , then they will become oncogenes .  





Q: if the gene is complex does it mean that it is an oncogene ?


A: no , the simple have 3 genes ( gag, pol, env),the complex there is another genes that will control the host cell .





This is their structure seen by the electron microscope





The core proteins : proteins found inside the virus , generally they are enzymes , which are needed to destroy the capsid around them , then the RNA and DNA should be released out side and do their function , found inside the capsid 





Capsid : the cover and the shell covering the virus 


( what ever is the virus )


Its sub unit called capsomere , the capsid and capsomere are proteins , all viruses have it but not all have envelope surrounding it .
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It is coded for at least 3 different proteins  :





1- MA: matrix protein


2- CA: capsid protein


3- NC : nucleocapsid protein 





Envelope proteins found as spikes out side the membrane :


1- SU : surface envelope protein


2- TM : trans-membrane proteins  





Which is responsible for the production of enzymes :


1- PRO : protease enzyme 


2- RT: reverse transcriptase enzyme 


3- IN: integrase enzyme 


 These are needed to integrate the DNA produced from viral RNA to the host DNA .
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This is from the dr’s slides :


Distinct steps in the retroviral life cycle :


- attachment , fusion and entry 


- reverse transcriptase 


- Integration 


- transcription 


- translation 


- assembly , budding and maturation .
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Go down for Dr’s explanation





This is a + single stranded  RNA 





Reverse transcriptase 





RNA-DNA hybrid





The mRNA is degraded by RNaseH activity 





Complementary 


Single stranded DNA





DNA polymerase to produce the DNA complementary 





Double stranded DNA





Goes to nucleus to be integrated with the host DNA and each time the host DNA replicate it get replicated





Q: when the virus insert it self to the host chromosome can it interrupt the host genes ?


A: Generally it doesn’t cause fusion with other genes , generally it will insert it between the genes , and mainly goes to the area with no coding sequences ( since only 1% responsible for coding  and 99% has nothing to do with it ) so it is indicated outside the genes not fused with available  the genes , and if it was fused with other genes we will have a different new  proteins and that doesn’t happen  .





They have the virus and they will transmit it 
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