KNOTS O. Knill, Maths21a

The threefoil knot is the space curve

—

7(t) = ((2 + cos(3t/2)) cos(t), (2 + cos(3t/2)) sin(t), sin(3t/2))

1) Find an interval [a, b] on which 7(t) parameterizes a closed curve in space. A closed curve in
space is called a knot. These objects are not only interesting in mathematics or physics. For
example, DNA of bacteria and some proteins form knots (see the back of the page).

2) Verify that the projection 7(t) = (z(t),y(t)) of this curve onto the zy-plane is in polar coor-
dinates by 7(t) = 2 4 cos(3t/2),0(t) = t.

3) Sketch this curve.
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Indicate at the crossings, which part of the curve is above the other.

4) Calculate the velocity vector 7(t) of 7(t) at ¢t = 0. If this vector is ¥ = (a, b, ¢), then (a, ) is
its projection on the zy plane. Draw this vector {a,b) in the above zy-projection of the knot.
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It s well-known that circular DNAs exhibit a rich vanety of
knatted strucrures.! Recent surveys of the X-ray structuses
depasited in the Brookhaven Protein Data Bank have revealed
the presence of pseudolinks and pseudoknots in protesn struc
wies caused by formation of disulfide bonds and mesal
coardination bonds.? However, there has been na report so far
of knats in mative proteins or pelypeptides® We now repor
oue finding of 3 linear knot in the structare of [5)-adenosylme-
thionine synthetase (MAT) recently deternuned in our labora-

tory ¥

Chart 1, Ribban Presentation of the MAT Subunis®
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Figure L. Schersatse drawing of ihe besusl knol stucture of the
polypeptide chain of MAT, The knos is T-moed by passage of te B9
fstzand keading 1o the C-terminus twosgh 8 lcop farmed by the

“sequence Bl — [ceniral dumain} — B3 — H3 — B, The reciangles.

armuwn. and cloagaied octagees wpeetent o-helices, fssmands, and
portion of domsins. respecively. The nembers at boti cnds
are the sar and end uf the ) 3¢id resedue numbess. Hydrapes:
bunds berween B3 and 4 f-strands are shown by doied lisss

symhesis of 1he B9 Aurnd tresidve 42 After symbesis of the B9
f-strand region, the Noterminal region maves inio the closed loop, and
the B1 fyrand iresiues 21 |) forms assiparatiel f-shoet hydropen
bands with the B f-surand shown by dowed lnes

For more information on DNA knots, see the MSRI talk by DeWitt Sumners:
http://www.msri.org/publications/In/msri/2000/molbio/sumners/1/



