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Abstract

Time-resolved fluorescence anisotropy can provide information about the local 

dynamic properties of a molecule at sub-nanometer resolution on the nano- and 

picosecond time scales. To help explain perturbations of the triple-helical structure of 

collagen induced by a mutation, and to facilitate an understanding of mutations 

associated with diseases like scurvy, an examination of synthetic collagen-like peptides

was conducted. Results indicate that the extent of local motion increases near a mutation,

demonstrating that the change in the amino acid interrupts the helical structure. Local 

motion, however, remains unchanged several amino acid residues away from the indole 

side chain of the tryptophan residue. In addition, the perturbation of the helical structure 

is asymmetric as there is an increase in the local motion of the indole side chain farther to

the C-terminal side of the mutation.
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Introduction

The right-handed triple helix of the structural protein collagen, which is found in 

materials such as bone, cartilage, skin, tendons, and teeth,1 has been described through x-ray 

crystallography and

electron microscopy 

(Figure l).2’3 4 The 

configuration of this

protein is unique in that the repeating amino acid sequence is Glycine (Gly, G), X, and Y, 

where the X is usually a Proline (Pro, P) and Y is usually a Hydroxyproline (Hyp).5 Three 

distinct rings can be seen extending the length

of the collagen rod with the a-carbon ring of

the Gly residues in the middle, the Y a-carbon

ring next, and finally the X a-carbon ring on

the outside of the rod of the macromolecule 

(Figure 2).5 It is important to note that amino 

acids in the X position are both more solvated

and have greater rotational freedom than those

(1) Kielty, C. M.; Hopkinson, L; Grant, M. E.; P. M. Royce and B. Steinmann, Eds. 1993, Wiley Liss, New 
York. 103-148.

(2) Rich, A.; Crick, F. H. C. J. Mol. Biol. 1961, 3,483-506.
(3) Bella, J.; Eaton, M.; Brodsky, B.; Berman, H. M. Science. 1994,266, 75-81.
(4) Top 10 Referring pages by Document. (July 16,2004). http://cmgm.stanford.edU/wusage8.0/usage/ 

weekly/2003/10/12/referrersbydocument.html
(5) Simon-Lukasik, K. V.; Persikov, A. V.; Brodsky, B.; Ramshaw, J. A. M.; Laws, W. R.; Ross, J. B. 

Alexander; Ludescher, R. D. Biophys. J. 2003, 84, 501-508.

1

http://cmgm.stanford.edU/wusage8.0/usage/
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in the Y position.6 When a mutation (a change in the amino acid sequence) occurs in 

collagen, the result is a perturbation, which induces the three peptide strands of the helix to

separate.

Fluorescence occurs when a molecule containing a fluorescent species is exposed to 

light waves of a specific frequency. The molecule absorbs the excess energy in the form of 

photons, placing the molecule in an excited state. After experiencing a small drop in energy 

due to vibration and/or rotation, the excited state of the molecule relaxes back to the ground 

state through the emission of photons at a different wavelength. It is this emitted photon that
~J

is observed as fluorescence.

Fluorescence anisotropy is a photodynamic property that has different values when 

measured in different directions. Data from fluorescence anisotropy measurements provide 

kinetic information concerning shape and local dynamic properties of a macromolecule.5’8 

Intrinsically, all fluorescence photons experience a small amount of depolarization due to the 

slight decrease in energy as the excited molecule relaxes through vibration and/or rotation 

before emitting a photon.7 Polarization of fluorescence photons is additionally affected by 

the following: 1) macromolecular rotation, where the whole protein rotates on one of its axes, 

2) segmental rotation, where only part of the protein rotates, and 3) local rotation, where only 

the R group of the amino acid rotates freely.9

Anisotropy relates a fluorophore (the compound containing the fluorescent species), 

which has a certain fluorescence lifetime, to a depolarizing process, which has a specific

(6) Persikov, A.V.; Ramshaw, J.; Kirkpatrick, A.; Brodsky, B. Biochemistry. 2000, 39, 14960-14967.
(7) Harris, Daniel C. Quantitative Chemical Analysis, 6th ed.; Fiorillo, J., Rossignol, R., Bryd, M.L., 

McCorquodale, A., Eds. W.H. Freeman & Company: New York, 2002,421-426.
(8) Vyleta, N. P.; Coley, A. L.; Laws, W. R. J. Phys. Chem. 2004,108, 5156-5160.
(9) Bialik, C. N.; Wolf, B.; Rachofsky, E. L.; Ross, J. B. Alexander; Laws, W. R. Biophys. J. 1998 75 2564- 

2573.
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rotational correlation time.9 When two fluorescence lifetimes are associated with two 

rotational correlation times, the result is a 2x2 model. Similarly, when three fluorescence 

lifetimes are associated with two rotational correlation times, this results in a 3x2 model.9 

Using time-resolved fluorescence anisotropy, the extent of helix disruption induced by the 

conversion of a Gly to a serine (Ser, S) residue was determined. A tryptophan (Trp, W) 

residue in the Y position is restricted in local motion in comparison to a Trp in the X position 

in non-mutated collagen.5 Consequently, a disruption in the helical structure of collagen 

caused by the replacement of Gly with Ser should enhance the local motion of the Trp in the 

Y position, thus depolarizing the fluorescence emission, which is detectable by 

anisotropy.10,11 The hypothesis that the perturbation would be equal on both the C and N- 

terminal sides of the mutant protein or that the “bubble” caused by the mutation would be 

symmetrical was tested using this understanding.

(10) Szabo, A.; Rayner, D. J. Am. Chem. Soc. 1980, 102, 554-563.
(11) Ross, J. B. Alexander; Wyssbrod, H. R.; Porter, R. A.; Schwartz, C. A.; Michaels, C. A.; Laws, W. R. 

Biochemistry. 1992,37, 1585-1594.
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Experimental

Sample Preparation. Table 1 represents the three different collagen peptide 

samples that were analyzed.

Table 1 Synthetic (Sollagen Peptide Sequences
Residue Samples G2W S5W W4S

1-6 (Gly, Pro, Hyp)2 (Gly, Pro, Hyp)2 (Gly, Pro, Hyp)2
7 G Gly Gly Gly
8 X Pro Pro Pro
9 Y Hyp Hyp Trp
10 G Gly Gly Gly
11 X Pro Pro Pro
12 Y Hyp Hyp Hyp
13 G Gly Ser Ser
14 X Pro Pro Pro
15 Y Trp Hyp Hyp
16 G Gly Gly Gly
17 X Pro Pro Pro
18 Y Hyp Tip Hyp

19-24 (Gly, Pro, Hyp)3 (Gly, Pro, Hyp)3 (Gly, Pro, Hyp)3

Key:______________
Gly=glycine________
Pro=proline_______
Hyp=hydroxyproline
Trp=tryptophan
Ser=serine

All of the collagen peptide samples were dissolved in 20 mM phosphate buffer (Fisher 

Scientific) with 0.15 M NaCl (Fisher Scientific) at pH 7.0. Samples were held at 2°C, the 

temperature at which circular dichroism melting experiments indicated maximum integrity of 

the triple helix. All anisotropy spectra were also performed at this temperature. Peptide 

sample concentrations for circular dichroism experiments had an optical density of

4
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approximately 1.0 at 225 nm. Similarly, samples subject to analysis by anisotropy decay had 

an absorbance of approximately 0.4 at the same wavelength.

Spectroscopy. All absorbance measurements were collected on a Hitachi UV-vis

3210 spectrometer. Melting experiments for circular dichroism were performed on a Jasco J- 

810 spectropolarimeter at 225 nm, the wavelength where the highest absorbance was 

observed. The G2W peptide sample was warmed from 2.0°C to 70.0°C with a temperature 

slope of 30°C per hour while the instrument collected a circular dichroism scan every 1 °C 

increase. The delay time was set to 60 seconds to allow the sample to equilibrate at the new 

temperature. The S2W and W4S collagen samples were warmed from 2.0°C to 50.0°C under

the same conditions.

Decay curves for time-resolved fluorescence were constructed from data taken with a 

laser instrument previously described in Feinstien et al.12 Collagen samples were excited 

with 295 nm vertically polarized light. The emission monochromator was set at 350 nm and 

spectra were collected through a polarizer set at the magic (M, 54.7°), vertical (V, 90.0°), or 

horizontal (H, 0.0°) angles. Instrument response function (IRF) curves were collected at an 

emission wavelength of 300 nm at each of the three different angles.

For the experiments, curves for decay and IRF were constructed from minima of 

40,000 and 100,000 peak counts, respectively. These curves were collected into 4096 

channels with a timing calibration of 24.080 ps/channel. Each anisotropy data set was 

comprised of decay curves from each of the three different angles, along with their respective 

IRFs.

(12) Feinstien, E.; Deikus, G.; Rusinova, E.; Rochofsky, E.L.; Ross, J. B. Alexander; Laws, W. R.; Biophys J 
2003, 84, 599.
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Anisotropy Decay Data. Analysis of the decay curves was performed in a similar

manner to that described in Vyleta et al.7

6





Results

Circular dichroism melts of the synthetic collagen samples were analyzed and 

graphed using a spreadsheet program. The approximate melting temperatures for G2W, 

S5W, and W4S are 45.4 °C, 22.8 °C, and 23.7 °C respectively (Figure 3).

1

0.8

0.6

0.4

0.2

0

-0.2

-0.4

S5W 22.8 °C
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S5W

-0.6
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Figure 3. Collagen Peptide Melts for Three Mutant Strands

Time resolved fluorescence decay curves were analyzed using a least squares method 

described previously.8 The values for the preciseness of fit (%2), approximate concentrations 

of the collagen sample (a), fluorescence lifetimes (t), the extent of depolarization (p), and 

rotational correlation times (tp) for G2W, S5W, and W4S can be seen in Table 2. Data in 

each table were integrated and analyzed using kinetic model 7.9 Different model anisotropy 

values as well as numbers with fixed values can be seen in the appendix.

7





Table 2: Collagen Sample Anisotropy Values

Ylodel=7 Iterate all va ues
£ «i a2 Ti(ns) r2(ns) Pn P12 P21 P22 9i(ns) <p2(ns)

G2W 1.0871 0.269 0.462 3.430 9.032 0.00 0.263 0.277 0.092 0.622 41.203
S5W 1.0024 0.289 0.540 3.596 9.339 0.00 0.191 0.237 0.081 0.634 51.261
W4S 1.0417 0.216 0.648 3.879 9.452 0.00 0.111 0.223 0.062 0.889 58.045
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Discussion

This study established two important concepts in the structural perturbation of a 

collagen macromolecule when a Gly amino acid is changed to a Ser. First, the Gly to Ser 

change does indeed perturb this structural protein. Through the circular dichroism 

experiments (Figure 3), it was established that W4S had a slightly lower melting
i

temperature than S5W. Both of these molecules had significantly lower melting 

temperatures than G2W, which contained only the Trp mutation. Because less energy 

(heat) was needed for the three strands of the triple helix to separate in the two samples 

that contained the Gly to Ser mutation, it can be deduced that such a mutation does 

indeed structurally change the right-handed triple helix of collagen. Additionally, it is 

worthwhile to mention that the control G2W sample also had a drop in melting 

temperature when compared to unmutated collagen, which melts at 72°C. This finding 

suggests that the insertion of a Trp in the X position (Figure 2) slightly perturbs the 

collagen macromolecule, while the inclusion of a Ser amino acid drastically changes the 

structure of the protein, thus allowing for the three strands to be separated more easily.

The second important finding comes from the acquired anisotropy values for the 

three collagen samples (Table 2). Though this report does not seek to interpret exact 

values for the fluorescence lifetimes and rotational correlation times acquired through 

iteration, comparisons in the values of the respective coefficients can be made. The 

values for samples G2W and S5W are similar, which suggests that although there is still 

some perturbation in the collagen molecule when the Trp is placed five amino acid 

residues down from the Ser mutation on the N-terminal side, the triple helix is starting to

9



re-anneal. The indole side chain on the Trp residue no longer has the extensive rotational 

freedom that was previously observed in a sample of S2W collagen.13

Likewise, comparison of anisotropy values for the G2W and W4S samples reveals 

extensive differences among the calculated anisotropy values, suggesting that when the 

Trp residue is placed four amino acids to the C-terminal side of the Ser mutation, the 

three peptide strands are separate and not in the traditional triple helix. In addition, the 

W4S collagen sample is so structurally perturbed that not one of the current 2x2 kinetic 

models is able to sufficiently describe the system.9 It can be suggested that a possible 

3x2 or 2x3 kinetic model would describe the environment surrounding the indole side 

chain more accurately. Similar findings and explanations were used for the W2S 

collagen sample that was previously studied.13

By compiling all of the data and respective interpretations, two different 

conclusions can be drawn from this study of mutant collagen. First, a substitution 

mutation which switches a Gly to Ser does indeed change the structure of the 

macromolecule. Second, unlike previously assumed, the mutation in the collagen 

structural protein is not symmetrical around the Ser mutation. The anisotropy values 

establish that the effects of the substitution mutation are more profound on the N-terminal 

side of the mutation than on the C-terminal side. This observation could be due to the 

understanding that when three peptide strands of collagen come together, they form in the 

N-to-C-terminal direction. It is possible that when the proteins that facilitate the 

formation of the triple helix encounter a mutation such as the Trp, they no longer 

recognize the sequence and are unable to complete the formation of the right-handed 

triple helix.

(13) Vyleta, manuscript in preparation
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Appendix

G2W Anisotropy Values
1. Collected 7-13-04 using timing calibration of 2048 ch @ 24.155 ps/ch...range=50 ns 

Analyzed to 1542 channels.
Model=0 Iterate all values

/= 1.1213
ai= 0.261
a2= 0.474
Ti= 3.265 ns
x2= 9.004 ns
pn= 0.238 3,2= 0.120
321= 0.232 322= 0.084
cpi= 0.599 ns
<p2= 32.229 ns

Model=7 Iterate all values

1.1209
a,= 0.261
a2= 0.472
Ti= 3.273 ns
r2= 9.005 ns
3n= 0.000 3,2= 0.261
32i= 0.261 322= 0.092
(pi= 0.570 ns
<p2= 37.706 ns

Model=7 Phi 2 fixed at 10

3^= 1.1337
a,= 0.260
a2= 0.477
Ti= 3.267 ns
r2= 9.008 ns
3n= 0.000 312= 0.228
32i= 0.094 322= 0.101
(pi= 0.575 ns
(p2= 10.00 ns
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Model=7 Phi 2 fixed at 10 and Beta !4 fixed at 0.100

x2= 1.1333
ai= 0.260
a2= 0.477
Ti= 3.267 ns
X2= 9.007 ns
Pn= 0.000 pi2= 0.228
p2i= 0.100 p22= 0.099
(pi— 0.563 ns
q>2= 10.00 ns

Model=7 Beta 14 fixed at 0.100

X2= 1.1316
a,= 0.260
a2= 0.477
Ti= 3.268 ns
X2= 9.009 ns
pn= 0.000 pi2= 0.230
P21— 0.100 p22= 0.099
(pi= 0.598 ns
<P2— 11.185 ns

2. Collected 7-14-04 using timing calibration of 4096 ch @ 24.080 ps/ch.. ,range=100 ns 
Model=0 Iterate all values

X2= 1.0874 
ai= 0.269 
d2= 0.464 
Ti= 3.420 ns 
T2= 9.032 ns
Pn= 0.224 p,2= 0.112
p2i= 0-220 p22= 0-079
q>i= 0.654 ns 
<p2= 35.807 ns

12



Model=7 Iterate all values

/= 1.0871
a,= 0.269
a2= 0.462
Ti= 3.430 ns
X2- 9.032 ns
pn= 0.000 Pi2= 0.263
p2i= 0.277 p22= 0.092
tpi= 0.622 ns
q>2= 41.203 ns

Model=7 Phi 2 fixed at 10

X2= 1.1027
ai= 0.269
a2= 0.466
Ti= 3.447 ns
T2= 9.043 ns
pn= 0.000 pi2= 0.221
p2i= 0.086 p22= 0.101
cpi= 0.623 ns
92= 10.00 ns

Model=7 Phi 2 fixed at 10 and Beta Vi fixed at 0.100

X2= 1.1029 
ai= 0.269 
ci2= 0.464
Ti= 3.518 ns___________
T2= 9.064 ns
pn= 0.000 Pi2~ 0.219
p2[= 0.100 p22= 0.096
(pi= 0.597 ns 
(P2= 10.00 ns

13 CORETTE LIBRARY CARROLL COLLEGE



Model=7 Beta Vi fixed at 0.100

S5W Anisotropy Values

1. Collected 7-13-04 using timing calibration of 2048 ch @ 24.155 ps/ch...range=50 ns 
Analyzed to 1542 channels.

Model=0 Iterate all values

14



Model=7 Phi 2 fixed at 10

1.0473_____________
ai= 0.287 
ct2= 0.557 
Ti= 3.383 ns 
x2= 9.334 ns
pn= 0.000 Pi2= 0-169
p2[= 0-065 p22= 0-099
91= 0.636 ns 
(p2- 10.00 ns

Model=7 Phi 2 fixed at 10 and Beta !4 fixed at 0.100

x2- 1.0515
ai= 0.284
a2= 0.550
Ti= 3.371 ns
t2= 9.385 ns
Pn= 0.000 pi2= 0.167
p2i= 0.100 p22= 0.086
(pi= 0.561 ns
(p2= 10.00 ns

Model=7 Beta 14 fixed at 0.100

X2= 1.0410
ai= 0.287
a2= 0.553
Ti= 3.437 ns
x2= 9.352 ns
pn= 0.000 pj2= 0.173
p2i= 0.100 p22= 0.088
tpi= 0.643
(p2= 12.985
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2. Collected 7-14-04 using timing calibration of 4096 ch @ 24.080 ps/ch.. .range=100 ns 
Model=0 Iterate all values

%2= 1.0874
ai= 0.269
a2= 0.464
ti= 3.420
t2= 9.032
Pn= 0.224 pi2= 0.112
p2i= 0.220 p22= 0.079
(pi= 0.654 ns
<p2= 35.807 ns

Model=7 Iterate all values

X2= 1.0024
ot|= 0.289
a2= 0.540
Ti= 3.596 ns
t2= 9.339 ns
pn= 0.000 pi2= 0.191
p2i- 0.237 p22- 0.081
(pi= 0.634 ns
<p2= 51.261 ns

Model=7 Phi 2 fixed at 10

/= 1.0166 
ai= 0.288 
a2= 0.544 
Ti= 3.611 ns 
t2= 9.346 ns
pn- 0.000 pi2= 0.173 
p2i= 0.060 p22= 0.094
cpi= 0.643 ns 
<p2= 10.00 ns
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Model=7 Phi 2 fixed at 10 and Beta 16 fixed at 0.100

x2= 1.1029
ai= 0.269
a2= 0.464
Ti= 3.518 ns
X2= 9.064 ns
pn= 0.000 p12= 0.219
p2i= 0.100 P22~ 0.096
<pi= 0.596 ns
92“ 10.00 ns

Model=7 Beta 16 fixed at 0.100

X2= 1.0986
ai= 0.269
d2= 0.466
Ti= 3.421 ns
t2= 9.036 ns
pn= 0.000 pi2= 0.223
p2i= 0.100 p22= 0.097
<pi= 0.673 ns
tp2= 12.261 ns

W4S Anisotropy Values

1. Collected 7-13-04 using timing calibration of 2048 ch @ 24.155 ps/ch.. ,range=50 ns 
Analyzed to 1542 channels.

Model=0 Iterate all values

17



Model=7 Iterate all values

z2= 1.1118
ai= 0.229
a2= 0.645
ti= 3.402 ns
t2= 9.396 ns
pn= 0.000 piz= 0.136
p2i= 0.236 p22= 0.073
<pi= 0.589 ns
q>2= 29.252 ns

Model=7 Phi 2 fixed at 10

/= 1.1239
ai= 0.228
a2= 0.650
Ti= 3.375 ns
T2- 9.392 ns
pn= 0.000 pi2= 0.131
p2i= 0.056 p22= 0.088
cpi= 0.640 ns
{p2= 10.00 ns

Model=7 Phi 2 fixed at 10 and Beta V2 fixed at 0.100

%2= 1.1272 
ai= 0.227 
a2- 0.651 
Ti= 3.383 ns 
T2= 9.391 ns
pn- 0.000 piz= 0.126
Pzi= 0-100 P22= 0-079
91= 0.564 ns 
<P2= 10.00 ns
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Model=7 Beta !6 fixed at 0.100

2. Collected 7-14-04 using timing calibration of 4096 ch @ 24.080 ps/ch.. ,range=100 ns 
Model=0 Iterate all values

x2= 1.0420
ai= 0.216
a2= 0.651
Ti= 3.824 ns
t2= 9.445 ns
pn= 0.233 P,2= 0.061
p21= 0.302 p22= 0.094
(pi= 0.723 ns
<p2= 54.497 ns

Model=7 Iterate all values

£= 1.0417
ai= 0.216
a2= 0.648
Ti= 3.879 ns
X2= 9.452 ns
Pn= 0.000 p,2= 0.111
p2i= 0.223 p22= 0.062
(pi= 0.889 ns
q>2= 58.045 ns
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Model=7 Phi 2 fixed at 10

/= 1.0691_____________
ai= 0.213______________
a2= 0.655 
Ti= 3.899 ns 
T2= 9.460 ns
Pn= 0.000 Pi2= 0.133
p2i= -0-004 p22= 0-113 
q>i= 0.755 ns
(p2= 10.00 ns

Model=7 Phi 2 fixed at 10 and Beta Vi fixed at 0.100

/= 1.0801
ai= 0.211
d2= 0.655
Ti= 3.948 ns
t2= 9.464 ns
Pn= 0.000 pi2= 0.124
p2i= 0.100 p22= 0.091
(pi= 0.591 ns
(P2= 10.00 ns

Model=7 Beta Vi fixed at 0.100

Z2= 1-0573
ai= 0.214
d2= 0.656
Ti= 3.832 ns
T2= 9.452 ns
pn= 0.000 pi2= 0.130
p2i= 0.100 p22= 0.094
cpi= 0.756 ns
q>2= 14.709 ns
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