Topology in Biology

Ralph Heiner Buchholz
April 1985 - SMJ 29

The sequence of letters in Figure 1 represents the sequence of bases (which
are the opposite of acids) in the DNA of a bacteriophage (a virus which only
attacks bacteria) called $X174. Tt is the first complete genome (chromosomal
or genetic information) ever decoded for any organism.

Each letter stands for one of four cyclic (meaning circular) bases - adenine,
guanine, thymine and cytosine (see Figure 2). There are nine known genes
(eight of which are marked in Figure 1) in ¢X174 - the single underline lettering
represents genes A, D, J, F, G and H. Interestingly, genes B and E (doubly
underlined) lie entirely inside genes A and D respectively. The bases are not
directly connected to each other as they are written, rather they lie in a mesh
connected by sugar, “D”, and phosphate, “P”, molecules (see Figure 3).

The bases are always chemically paired cytosine with guanine and thymine
with adenine. Next the sugar molecules are attached either side of the so-called
“base-pairs”. This forms the “rungs” of a “ladder” structure which is held
together by phosphate molecules (see Figure 4).

This means that one only needs to specify one side of the base pair sequence
as the complementary side can be determined from the pairing rules above. If,
for example, one side of the base pair sequence begins

cgttaca ....
then the other side of the strand must be
gcaatgt ....

The DNA “ladder” is actually twisted in three dimensions around the lengthwise
axis to form the well known “double stranded helix”. There are ten base pairs
for one complete 360° twist of the ladder and the distance covered is only 3.46
nanometers (where 1 nanometer = 10~ meters). For almost all living creatures
(including humans) the genetic material has the form described above - but due
to the simplicity of viruses they usually only contain “single stranded” rather
than double stranded DNA. However during one phase of reproduction the DNA
of X174 is actually double stranded and furthermore the DNA helix for this
and most other viruses is circular i.e. the two ends of the ladder actually meet
and are chemically joined.



ccgtcaggattgacaccctcccaattgtatgttttcatgectccaaatcttggaggettttttatggttcgttcttattacccttctgaatgtcacgetg
attattttgactttgagcgtatcgaggetcttaaacctgetattgaggettgtggeatttctactctttctcaatccccaatgettggettccataagea
gatggataaccgcatcaagctcttggaagagattetgtettitcgtatgeageccgttgagttcgataatggtgatatgtatgttgacggccataagget
gettctgacgttcgtgatgagtttgtatctgttactgagaagttaatggatgaattggeacaatgetacaatg tattaataaca
ta gggga tggtttt ggttacgcagttt g8 gccctettaa
ggatattcgcgatgagtataataaccccaaaaagaaaggtattaaggatgagtgttcaagattgetggaggectecactaagatatcgegtagaggettt
gctattcagcgtttgatgaatgeaatgegacaggetcatgetgatggttggtttatcgtttttgacactcteacgttggetgacgaccgattagaggegt
tttatgataatcccaatgetttgegtgactattttcgtgatattggtegtatggttcttgetgecgagggtcgeaaggetaatgattcacacgecgacte
ctatcagtatttttgtgtgcctgagtatggtacagctaatggecgtcttcatttccatgeggtgeactttatgeggacacttectacaggtagegttgac
cctaattttggtcgtcggatacgeaatcgecgecagttaaatagettgeaaaatacgtggecttatggttacagtatgeccatcccagttcgetacacge
aggacgctttttcaccttctggttggttgtggectgttgatgctaaaggtgagecgettaaagetaccagttatatggetgttggtttctatgtgectaa

atacgttaacaaaaagtcagatatggaccttgctgctaaaggt tggaacaactca g
aagctgttcagaatcagaatgagccgcaacttcgggatgaaaatgctcacaatgacaaatctgtccacggagtgcttaatccaacttaccaagctgggtt
gttcaa tat ttgaggctgggaaaagttactgtagecgacgttttggeggegea

acctg tctgetcaaatttal tcgataaaaatgattggegtatccaacctgeagagttttatcgettccatgacgeagaagtta
acactttcggatatttctgatgag ttatcttga ttactactgcttgtitacgaattaaatcgaagtggactgctggeggaa
tcgacctatect ctttcgccatcaactaacgattctgtcaaaaactgacgegttggat
gaggagaagtggcttaatatgcttggcacgttcgtcaaggactggtttagatatgagtcacattttgttcatggtagagattctcttgttgacattttaa
aagagcgtggattactatctgag tgctgt taggt tcaagt tccgtacgtttccagaccget

ttggectetattaagetcattcagggttctgecgttttggatttaaccgaagatgatttcgattttctgacgagtaacaaagtttggattgetactgacc
gctctegtgetegtegetgegttgaggettgegtttatggtacgetggactttgtaggataccctegetttcctgetectgttgagtttattgetgeegt

cattgcttattatgttcatcccgtcaacattcaaacggectgtctcatcatggaaggegetgaatttacggaaaacattattaatggegtcgagegtecg

gttaaagccgetgaattgttcgegtttaccttgegtgtacgegeaggaaacactgacgttcttac tgcgt tacgtg
cggaaggagtgatgtaatgtctaaagg ttctgg ggtegtecg ttgcgaggt ggcaagcgtaaaggeget
cgtctttggtatgtaggtggtcaacaattttaattgeaggggetteggecccttacttgaggataaattatgtctaatattcaaactggegecgagegta
tgccgeatgacctttcccatcttggettccttgetggtcagattggtogtcttattaccatttcaactactccggttatcgetggegactecttcgagat
ggacgccgttggegetctecgtetitctccattgegtegtggecttgetattgactctactgtagacatttttactttttatgtccctcatcgtcacgtt
tatggtgaacagtggattaagttcatgaaggatggtgttaatgecactcctcteccgactgttaacactactggttatattgaccatgecgettttcttg
gcacgattaaccctgataccaataaaatccctaageatttgtttcagggttatttgaatatctataacaactattttaaagegecgtggatgectgaceg
taccgaggctaaccctaatgagcttaatcaagatgatgetcgttatggtttccgttgetgecate tttg g tgag
actgagctttctcgecaaatgacgacttctaccacatctattgacattatgggtctgeaagetgettatgetaatttgeatactgaccaagaacgtgatt
acttcatgcagcgttaccatgatgttatttcttcatttggaggtaaaacctcatatgacgetgacaaccgtectttacttgtcatgegetctaatetetg
ggcatctggetatgatgttgatggaactgaccaaacgtcgttaggecagttttctggtegtgttcaacagacctataaacattctgtgecgegtttcttt
gttcctgagcatggeactatgtttactcttgegettgttcg tgcgac ttcagtacct ggtgctttgactt
ataccgatattgctggegaccctgttttgtatggeaacttgecgecgegtgaaattictatgaaggatgtittecgttctggtgattegtctaagaagtt
taagattgctgagggtcagtggtatcgttatgegectcgtatgttictectgettatcaccttcttgaaggetteccattcattcaggaaccgectict
ggtgattt gtacttat ‘tgattatgaccagtgtttcagtcgttcagttgttgeagtggatagtcttacctcatgtgacgttt
atcgcaatctgecgaccactcgegattcaatcatgacttcgtgataaaagattgagtgtgaggttataaccgaageggtaaaaattttaatttttgecge
tgaggggttgaccaagcgaagegeggtaggttttctgettaggagtttaatcatgtttcagacttttatttctegecacaattcaaactttttttctgat
aagctggttctcacttctgttactccagettctteggeacctgttttacagacacctaaagetacatcgtcaacgttatattttgatagtttgacggtta
atgctggtaatggtggttttcttcattgeattcagatggatacatctgtcaacgecgetaatcaggttgtttcagttggtgctgatattgettttgatge
cgaccctaaattttttgectgtttggttcgetttgagtcttcttcggttccgactacccteccgactgectatgatgtttatectttggatggtegecat
gatggtggttattataccgtcaaggactgtgtgactattgacgtccttccccgtacgeccggeaataacgtctacgttggtttcatggtttggtctaact

ttaccgctactaaatgecgeggattggtttegetgaatcaggtta ttatttgtc ttaagtgaggtgatttatgtttggtgct
attgctggeggtattgettctgetottgetggtggogecatgtctaaattgtttggaggeggtcaaaaagecgectecggtggeattcaaggtgatgtge
ttgctaccgataacaatactgtaggcatgggtgatgetggtattaaatctgecattcaaggetctaatgt tgagg tagttt

tgtttctggtgctatggctaaagetggtaaaggacttcttgaaggtacgttgeaggetggeacttetgecgtttctgataagttgettgatttggttgga
cttggtggcaagtctgccgctgataaaggaaaggatactcgtgattatcttgctgctgcatttcctgagcttaatgcttgggagcgtgctggtgctgatg

cttcctctgetggtatggttgacgecggattigagaa tactaaaatgcaactggacaa
tgctgecattcagteggegactteacge ggtata tgagatgcttgetta

gagtctactgctcgegttgegtctattatgg: tctt ggtttccgagattal gctcaaa

cggctggteagta ggttagtgctgaggttgacttagttcatcagcaaacgeagaatcageggta

tggctcttcteatattggegetactgeaaaggatatttctaatgtegtcactgatgetgettetggtgtggttgatatttttcatggtattgataaaget
gttgccgatacttggaacaatttctggaaagacggtaaagetgatggtattggetctaatttgtctaggaaataa

Figure 1: X174 base sequence
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Figure 2: The bases of life
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Figure 3: Sugar and phosphate molecules
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Figure 4: Ladder and Helix

This raises an interesting question. Is the DNA ring of ¢X174, during re-
production, topologically equivalent to a cylinder or a Mobius band?

Now the number of letters in Figure 1 is easily found to be 5375 and so
the number of base pairs in the reproductive phase DNA of ¢X174 is 5375.
Recalling that the helix has ten base pairs for every 360° twist or equivalently
five base pairs for every 180° twist (or half-turn) we see that there must be 1075
half-turns before the ends of the ladder are joined.

If we give a strip of paper an even number (including zero) of half-turns and
then glue the ends together the resulting object will be “cylinder-like” i.e. have
two sides. However, if we give it an odd number of half-turns and glue the ends
it will be “Mo6bius-like” i.e. have only one side.

So from the above we can say that the DNA ring of reproductive ¢X174 is
in fact Mobius-like.
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