7/9/2002 , ICE: KNOTS S-Math 21a
The threefoil knot is the space curve
r(t) = (24 cos(3t/2) cos(t), (2 + cos(3t/2)) sin(t), sin(3t/2))

1) Find an interval [a, b] on which r(¢) 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 back of the page).

2) (compare problem 34 on page 711) Verify that the projection of this curve onto the xy-plane
is given in polar coordinates by r(t) = 2 + cos(3t/2),0(t) = t.

3) Sketch this curve.

Indicate at the crossings, which part of the curve is above the other.

4) Calculate the velocity vector of r(t) at ¢ = 0. If this vector is v = (a, b, ¢), then (a,b) is its
projection on the xy plane. Draw this vector (a,b) in the above xy-projection of the knot.
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A Real Knot in Protein
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1t is well-known that circular DN As exhibit a nch vanely of
knatted siroctures,! Recest sumveys of the X-ray structures
deposited in the Brookhaven Protein Dats Bank have revealed
the presence of pseudolinks and pueidoknots in protein struc
wres caused by formanon of dusuifide bonds and metal
coardination bonds,? However, there has been no repant 0 far
of knots in native proteins or polypeptides’ We now report
our finding of a linear koot i the structare of [¥)-adenosylme-
thionine synthesase {MAT]) recently deterraned in car labora-

c
C JN\j

N
/

/3

Chart 1. Ribbor Preseniation of the MAT Subunic

C-Term
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14 Central Demain

Figure . Scherans drwing of the ussuzl knou suewse of ihe
polypeptide chain of MAT, The knog i formed by passage of the BY
Aesirand beadimg 1o the C-terminus throngh o loop formed by the
sequemce Bl — [central dosiin] — B35 — H3 — B4 The reciangles.
arows. and elongaied otages fepeesent -helices, Sosrands, and
porion &l domsins. respectively. The nembers ar bodh ends
e the start and end of the aming acid nesidue numbers. Hydropes
bumks Berween B and B4 f-soands are shoan by dolled linses

Figure 2. Hypathesis for beasynthetic knot fermatlon. The Nozzrmisal
region Iresidues || |1 loeasss near the cenual domain ungil alar the
sisoof the B9 foarand Iresidue 2420 Afe synihesis of the B9
strand regiam, the M-termanal regson emaves into the closed loop, and
the B F-strand (residugs 2111 forms sasiparatied f-shees hydrogen
bomls wilks the B J-sorand shean by dotted 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/



