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Anthrax, the disease

• Infectious disease, mostly animals

• One documented case for domestic pets in 
the USA for the last 15 years

• First anthrax vaccine in 1881



Anthrax, the danger

• Fatal in 95% of cases even if treated

• 100 kg of anthrax sprayed on a major city 
could kill more than 3,000,000 people

• First-year college knowledge + minimal 
equipment = anthrax spores



The quarantined island

Image courtesy of www.hgstump.de



2001 anthrax attacks

Image courtesy of www.wikipedia.com

http://www.hgstump.de
http://www.hgstump.de


How does it work?

Bacilus anthracis produces 3 different toxins



Lethal combination

Protective antigen Edema factor Lethal factor



Lethal combination

Protective antigen Edema factor Lethal factor
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 354 THR

 713 ASN

 124 ASN

95.4% (621/651) of all residues were in favored (98%) regions.

99.5% (648/651) of all residues were in allowed (>99.8%) regions.

There were 3 outliers (phi, psi):

     124 ASN (-104.9, 54.8)

     354 THR (-41.0, -7.6)

     713 ASN (-164.0, -54.1)

1acc.pdb, model 1
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A   33 GLUA   37 LYS

A   38 GLU

A   55 LYS

A   70 VAL

A   74 TYR

A   89 THR

A   97 LEU

A   99 GLU

A  114 LEU

A  115 HIS

A  117 HIS

A  119 VAL

A  151 ILE
A  154 ILE

A  159 ILE

A  164 ASN

A  169 LYS

A  170 PHEA  174 LEU

A  183 SER

A  187 ASP

A  199 THR

A  203 VAL

A  207 GLU

A  224 TYR

A  233 LEU

A  234 GLN

A  245 ASP

A  246 LYS

A  250 GLN

A  253 ASNA  255 SER

A  258 GLU
A  265 LEU

A  267 ARG

A  276 GLN

A  285 LEU

A  286 SER

A  324 ILE

A  326 SER

A  350 SER

A  381 LEU

A  382 ASP

A  388 ILE

A  389 ASN

A  392 LEU

A  398 LEU

A  399 ILE

A  426 SER
A  427 ILE

A  439 GLU

A  443 ILE

A  456 ASP

A  459 ASP

A  460 ASN

A  473 LYS

A  489 ASN

A  494 LEU

A  508 ASP
A  516 ASN

A  522 GLN

A  531 ASP

A  539 GLU

A  558 LYS

A  572 LYS

A  590 ARG

A  593 SER

A  599 ALA

A  641 GLU

A  646 GLN

A  647 ASP

A  652 GLN

A  655 SER

A  664 ARG
A  705 SER

A  723 SER

A  730 ARG

A  731 THR

A  745 HIS

A  746 SER

A  758 ASN

A  762 THR

B    4 ARG

B    8 VAL

B   11 ALA

B   12 LEU
A  396 GLY

A  428 GLY

A  466 GLY

A  729 GLY

A  198 PRO

A  238 PRO

A  302 PRO

A  367 PRO

A  671 PRO

B   10 PRO
A  165 GLN

A  197 HIS

A  301 GLU

A  636 LEU

53.7% (408/760) of all residues were in favored (98%) regions.

86.7% (659/760) of all residues were in allowed (>99.8%) regions.

There were 101 outliers (phi, psi):

    A   33 GLU (-64.6, 19.8)

    A   37 LYS (-175.7, 17.7)

    A   38 GLU (-170.4, -44.9)

    A   55 LYS (-10.5, -57.2)

    A   70 VAL (-49.4, 4.9)

    A   74 TYR (-161.2, -45.7)

    A   89 THR (-64.3, 22.1)

    A   97 LEU (-25.2, 87.8)

    A   99 GLU (-30.2, -31.4)

    A  114 LEU (-23.7, -86.9)

    A  115 HIS (-12.2, -64.0)

    A  117 HIS (-46.2, 172.0)

    A  119 VAL (163.8, 96.3)

    A  151 ILE (-52.8, 8.5)

    A  154 ILE (-62.1, 14.8)

    A  159 ILE (-25.2, -80.2)

    A  164 ASN (152.1, 15.2)

    A  165 GLN (56.1, -155.5)

    A  169 LYS (-46.2, -92.1)

    A  170 PHE (-45.5, 0.6)

    A  174 LEU (-50.6, 4.6)

    A  183 SER (-52.4, 79.4)

    A  187 ASP (-28.5, -34.1)

    A  197 HIS (-28.9, 135.2)

    A  198 PRO (-37.0, -113.3)

    A  199 THR (-60.7, -127.2)

    A  203 VAL (3.9, -78.9)

    A  207 GLU (-72.2, -136.0)

    A  224 TYR (-24.5, -39.5)

    A  233 LEU (-66.3, -85.1)

    A  234 GLN (-2.1, -57.4)

    A  238 PRO (-63.3, -92.3)

    A  245 ASP (-76.3, -94.0)

    A  246 LYS (-10.1, -66.8)

    A  250 GLN (148.9, -29.2)

    A  253 ASN (-22.8, -41.0)

    A  255 SER (-26.7, -40.6)

    A  258 GLU (-64.0, 20.0)

    A  265 LEU (-58.7, 11.9)

    A  267 ARG (-37.7, -21.4)

    A  276 GLN (-10.6, -70.9)

    A  285 LEU (-155.5, -98.2)

    A  286 SER (152.9, 158.4)

    A  301 GLU (-33.1, 170.5)

    A  302 PRO (-65.2, -160.0)

    A  324 ILE (28.1, -93.2)

    A  326 SER (-174.1, -35.1)

    A  350 SER (-30.8, 172.8)

    A  367 PRO (-30.6, -85.0)

    A  381 LEU (-83.4, -101.4)

    A  382 ASP (-21.1, -25.8)

    A  388 ILE (-57.3, 46.5)

    A  389 ASN (-171.6, -5.7)

    A  392 LEU (-166.0, -48.0)

    A  396 GLY (46.4, -14.3)

    A  398 LEU (-63.2, 31.6)

    A  399 ILE (-36.0, -11.3)

    A  426 SER (-53.5, -99.4)

    A  427 ILE (163.4, -91.6)

    A  428 GLY (-27.4, 94.9)

    A  439 GLU (168.3, 143.8)

    A  443 ILE (-43.7, -6.2)

    A  456 ASP (-23.8, -39.8)

    A  459 ASP (179.9, -2.2)

    A  460 ASN (21.8, 31.5)

    A  466 GLY (-37.1, -85.1)

    A  473 LYS (-20.5, -67.3)

    A  489 ASN (146.2, 118.2)

    A  494 LEU (-62.4, -122.7)

    A  508 ASP (108.1, -15.2)

    A  516 ASN (134.1, -20.9)

    A  522 GLN (-10.4, 177.7)

    A  531 ASP (163.2, 138.4)

    A  539 GLU (47.4, -7.0)

    A  558 LYS (-38.8, -18.6)

    A  572 LYS (-55.1, -90.6)

    A  590 ARG (10.2, -14.0)

    A  593 SER (-37.8, 6.7)

    A  599 ALA (4.8, -66.3)

    A  636 LEU (-43.2, -17.9)

    A  641 GLU (-47.1, 10.3)

    A  646 GLN (-54.9, -90.0)

    A  647 ASP (159.9, -76.0)

    A  652 GLN (-165.0, -63.7)

    A  655 SER (146.2, 179.6)

    A  664 ARG (-16.6, 78.6)

    A  671 PRO (-62.6, -73.3)

    A  705 SER (-33.1, 87.7)

    A  723 SER (159.9, 75.9)

    A  729 GLY (-55.7, 75.0)

    A  730 ARG (166.4, -153.7)

    A  731 THR (55.4, -9.6)

    A  745 HIS (166.8, -39.2)

    A  746 SER (-5.5, 138.7)

    A  758 ASN (-52.6, -82.9)

    A  762 THR (-168.5, -43.7)

    B    4 ARG (-166.2, -55.0)

    B    8 VAL (158.7, 176.0)

    B   10 PRO (-45.7, -145.7)

    B   11 ALA (165.1, -64.6)

    B   12 LEU (153.5, -4.0)

1jky.pdb, model 1
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A  294 ASP

A  299 GLU

A  510 GLN

A  738 SER

A  741 ILE
A  783 THR

B  299 GLU

B  515 LYS

B  526 GLN

B  544 SER

B  566 TYR

B  651 LYS

B  694 VAL

B  702 SERB  708 ALA

B  713 SER

C  299 GLU

C  510 GLN

C  675 ASN

C  694 VAL

C  738 SER

C  741 ILE

C  787 THR

D   74 ARGE   74 ARG

E   93 ASP

F   74 ARG

A  298 GLY

B  460 GLY

B  537 GLY

B  571 GLY

C  677 GLY

B  542 PRO

C  520 PRO

B  519 THR

85.1% (1585/1862) of all residues were in favored (98%) regions.

98.1% (1827/1862) of all residues were in allowed (>99.8%) regions.

There were 35 outliers (phi, psi):

    A  294 ASP (-57.6, 84.2)

    A  298 GLY (35.3, -154.4)

    A  299 GLU (-18.7, -61.0)

    A  510 GLN (-60.5, 42.3)

    A  738 SER (-88.1, -140.0)

    A  741 ILE (-15.5, -79.3)

    A  783 THR (-70.8, -87.6)

    B  299 GLU (-7.6, -63.1)

    B  460 GLY (44.1, 0.0)

    B  515 LYS (-36.1, -22.3)

    B  519 THR (67.2, 29.4)

    B  526 GLN (-3.1, -74.4)

    B  537 GLY (-158.5, -41.9)

    B  542 PRO (-56.2, -169.2)

    B  544 SER (-54.5, -88.2)

    B  566 TYR (-50.1, -2.3)

    B  571 GLY (-22.8, -27.4)

    B  651 LYS (-53.6, -95.8)

    B  694 VAL (57.5, 95.1)

    B  702 SER (173.7, 55.7)

    B  708 ALA (-56.7, 58.0)

    B  713 SER (-15.5, 144.5)

    C  299 GLU (-16.9, -61.6)

    C  510 GLN (-61.9, 37.9)

    C  520 PRO (-75.9, -87.9)

    C  675 ASN (-40.2, 161.1)

    C  677 GLY (-166.8, -78.5)

    C  694 VAL (-61.6, -87.0)

    C  738 SER (-88.1, -140.5)

    C  741 ILE (-15.7, -80.2)

    C  787 THR (-61.2, 53.9)

    D   74 ARG (-162.8, -56.5)

    E   74 ARG (-162.9, -56.6)

    E   93 ASP (-60.8, 67.4)

    F   74 ARG (-162.7, -56.5)

1k93.pdb, model 1



The killing machine



Protective antigen



Protective antigen



Intrusion



The killing machine



The distruction, part one



The distruction, part two



The distruction, part two



In the end

• There are open questions:

• refolding after translocation

• does LF target other molecules

• But it is clear, it is a very effective killing 
machine



Should we be afraid?

• More than 15,000 anthrax hoaxes between 
September 2001 and August 2002

• The U.S. Postal Service delivers 107 billion 
pieces of First Class mail to 240 million 
adults.

• One known case of mailing 5-7 letters 
containing pathogenic Bacillus anthracis



Happy end

• Statistically the odds of your next mail to 
contain anthrax is virtually zero.


