KNOTS O. Knill, Math 21a

The threefoil knot is the space curve
7(t) = ((2 4 cos(3t/2)) cos(t), (2 + cos(3t/2)) sin(t), sin(3t/2))

1) Find an interval [a, b] on which 7(¢) 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) = (x(t), y(t)) of this curve onto the xy-plane is in polar coor-
dinates by 7(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 7 (t) of 7(t) at t = 0. If this vector is ¥ = (a, b, ¢), then (a,b) is
its projection on the xy plane. Draw this vector (a,b) in the above zy-projection of the knot.
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A Real Knot in Protein

Fusan Takusagawa® and Shigehire Kamiwn

Deparmment of Biochemistiry
Universiry of Kansar
Lawrence. Kansas $6045

Recelved April 8, 19%6

1t 15 well-known that circular DN As exhibit a nch vanely of
knatted stroctures,! Receat surveys of the X-ray structures
deposited in the Brookhaven Protein Dats Bank have revealed
the presence of pseudolinks and psewdoknots in protein struc.
wies caused by formanion of dasubfide bonds and metal
coardination bonds.? However, there has been no repont w0 far
of knots in native proteins or polypeptides’ We now report
our finding of a linear knot in the sructare of (§)-adenosyime-
thiomine synthessse {MAT) recently derermaned in cur fabora-
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Chart 1, Ribbon Presentation of the MAT Subanir

C-Term

N-Term

Figure |, Schemdue drawing of she umowal knot simuewsre of ihe
palypepisde chain of MAT, The knos is T-med by passage of the BY
fesirand leadieg 1o the C-terminus throngh @ loop fommed by the

‘sequence Bl — [ceniral domainf — 85 — H} — BG. The reciangles.

erows. and elongated ctagens mepeesent m-helices, fosmands, and
portiom  of demsans, respeenvely. The nembers at bods ends
me e stan and end ol the aming aeid reskdue numbess. Hydroges
honds Bevween Bi and B4 J-smands are shown by Jofied lises

[

Figure 2. Hypathesis for baosynthetic knot fermation. The Noermural
region {resicues =111 hesses near the central domain until allar the
syeithesis of the BY F-srand iressdue 2420 After dynihesis of the BY
esrand region. the Motermanal fegaon maves ino the closed loop, and
the B1 f-stmand (resulues 2—11) forms assiparalied f-aheet hydrapes
borrls wilh the B J-soranid shewn by dolted Tmes

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




