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动态光散射技术的应用
一、  动态光散射仪的工作原理
      动态光散射技术（dynamic light scattering, DLS）是指通过测量样品散射光强度起伏的变化来得出样品颗粒大小信息的一种技术。之所以称为“动态”是因为样品中的分子不停地做布朗运动，正是这种运动使散射光产生多普勒频移。动态光散射技术的工作原理可以简述为以下几个步骤：首先根据散射光的变化，即多普勒频移测得溶液中分子的扩散系数D，再由D=KT/6πηr可求出分子的流体动力学半径r，(式中K为玻尔兹曼常数，T为绝对温度，η为溶液的粘滞系数),根据已有的分子半径-分子量模型，就可以算出分子量的大小。

    光在传播时若碰到颗粒，一部分光会被吸收，一部分会被散射掉。如果分子静止不动，散射光发生弹性散射时，能量频率均不变。但由于分子不停地在做杂乱无章的布朗运动，所以，当产生散射光的分子朝向监测器运动时，相当于把散射的光子往监测器送了一段距离，使光子较分子静止时产生的散射光要早到达监测器，也就是在监测器看来散射光的频率增高了；如果产生散射的分子逆向监测器运动，相当于把散射光子往远离监测器的方向拉了一把，结果使散射光的频率降低。日常生活中，但我们听到救护车由远而近时，声音的频率越来越高，也是同样的道理。实际上我们可以根据声音频率变化的快慢来判断救护车运动的速度。

    光散射技术就是根据这种微小的频率变化来测量溶液中分子的扩散速度。由D=KT/6πηr可知，当扩散速度一定时，由于实验时溶剂一定，温度是确定的，所以扩散的快慢只与流体动力学半径有关。蛋白质多方面的性质都直接和它的大小相关。因此，光散射广泛应用与蛋白质及其它大分子的理化性质研究。

动态光散射技术的优点：
1．样品制备简单，不需特殊处理，测量过程不干扰样品本身的性质，所以能够反映出溶液中样品分子的真实状态；
2．测量过程迅速，而且样品可以回收利用；
3．检测灵敏度高，10kD蛋白质，浓度只需0.1mg/mL,样品体积只需20-50µL即可；
4．能够实时监测样品的动态变化。

二、动态光散射技术的应用
     溶液中的颗粒物质（如生物大分子、高分子聚合物、胶束等），其颗粒大小的变化往往可以反应出某些性质方面的变化。由于光散射实际上是首先通过测量大分子物质的扩散系数，进而推导出其它参数。所以，光散射不仅可以用来进行静态测量，还可以检测一些动态过程的变化。

动态光散射技术的应用。
1. 测定蛋白质分子的均一性
蛋白质样品的均一性是生长晶体的前提条件，在无法直接观察蛋白质在溶液中状态的情况下，生长晶体是一个需要经验和运气的过程。但是用光散射技术，只需要几分钟就可以确切地告诉你，这个样品是否有长出晶体的可能性。你还可以测定蛋白在不同溶液中的状态，从而确定出哪种溶液最适合生长晶体。

2. 测定蛋白质分子的pH稳定性
有些蛋白质分子在不同的pH值条件下，会有不同的构型，或者形成聚合态，或是变性。如胰岛素在pH2.0时是以单体存在，而在pH3.0时则以二聚体形式存在，当pH升至7.0时则以六聚体存在。因为这种变化表现为大小的变化，所以光散射技术可以用来测定蛋白质分子的pH稳定性。

3.测定蛋白质分子的热稳定性
对一些热不稳定的蛋白，温度改变会导致分子变性聚合，因此可以观察到分子半径明显增大。所以可以利用光散射技术来研究蛋白质分子的热稳定性。

4.蛋白质变复性及折叠的研究
蛋白质变性时往往是以聚合形式或较松散的状态存在，复性后，蛋白质折叠成天然状态，会发生结构的变化，这一变化可以导致流体动力学半径的变化，所以光散射技术可以用来检测这一动态变化的过程。

5.临界胶束浓度的测定
一定浓度的表面活性剂分子加到溶液中会形成微胶束，但浓度不同会影响胶束的大小以及是否能够形成胶束。如果浓度增加到一定程度，胶束就会形成，胶束的大小和单分子大小会有明显区别，利用光散射就可以确定胶束形成的临界浓度。
动态光散射技术还可用于一些动态过程的检测，譬如蛋白质复性的整个过程的监测。

三.在Nature, Science发表的应用文章
1. ”Structure of the Sec13/31 COPII coat cage”,
Scott M. Stagg, Cemal Gu¨rkan, Douglas M. Fowler, Paul LaPointe, Ted R. Foss, 
Clinton S. Potter,Bridget Carragher & William E. Balch 
Vol 439|12 January 2006|doi:10.1038/nature04339

2.”Structure of human follicle-stimulating hormone in complex with its receptor”, 
Qing R. Fan & Wayne A. Hendrickson, 
NATURE | VOL 433 | 20 JANUARY 2005 
3. “Structure of a heparin-linked biologically active dimerof fibroblast growth factor”,

Anna D. DiGabriele, Irit Lax, Denise I. Chen, Carl M. Svahn, Michael Jaye, Joseph Schlessinger & Wayne A. Hendrickson
NATURE | VOL 393 | 25 JUNE 1998
4. "Supramolecular Assembly of Amelogenin Nanospheres into Birefringent Microribbons", 
Chang Du, Giuseppe Falini,Simona Fermani,Christopher Abbott, Janet Moradian-Oldak 

4 MARCH 2005 VOL 307 SCIENCE
四．国内生物领域相关客户：

1． 清华大学生命科学学院

2． 中国科技大学生命科学学院

3． 中科院生物物理所

4． 中科院上海生命科学院

5． 中科院广州医药健康研究院

6． 国家传染病诊断试剂疫苗工程研究中心(北京)
7． 国家传染病诊断试剂疫苗工程研究中心(厦门)
8． 诺和诺德北京研发中心
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# 101 Determination of Critical Micelle Concentration (CMC)

Detergents have been characterized in solution by a variety of
methods. including surface tension measurements, light
scattering, gel permeation chromatography, and fluorescence
and absorbance spectroscopy. Spectroscopic methods depend
on spectral changes of a probe molecule which is able to
intercolate into a micelle structure upon its formation.
Unfortunately, such a perturbation in a detergent system can
casily influence the CMC and aggregation number.  Matrix
adsorption can be problematic in GPC approaches, and surface
tension measurements are generally time consuming and
tedious to perform. Light scattering on the other hand. has the
advantages of being non-perturbing. rapid, and easy to perform.

The DynaPro-MS200. configured with a 90° scattering angle
and an 830 nm solid state diode laser, was used to determine the
CMC value for Triton X-100 in the absence of salt. All
measurements were made using a 45 UL quartz cuvette, after
filtering the sample through a Protein Solutions MicroFilter
assembled with a 0.1 um Whatman Anodisc filter.

Figure 101-1 shows the total scattering intensity and apparent
hydrodynamic radius as a function of surfactant concentration
for the TX100 system. As seen here. there is a marked
deviation in the slope of the intensity curve at ~0.27 mM.
Concomitant with an increase in scattering intensity is the
detection of a particle with an effective radius of ca. 3.8 nm.
indicating the formation of micelles for TX100 concentrations
0.27 mM.
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Figure 101-1: Influence of TX100 concentration on the
radius (J) and total scattering intensity (B).

A comparison of the properties of TX100 micelles determined
using various instrumental techniques is shown in Table 1. where
N is the aggregation number. In the dynamic light scattering
technique (DynaPro), the molecular weight of the TX100 micelle
was estimated using a MW vs. Ry calibration curve constructed
from globular protein standards. a feature incorporated into the
DYNAMICS software package in DynaPro instruments (see
Figure 101-2). As evident in Table 1. the CMC. MW, and
ageregation numbers determined using the DynaPro are
consistent with those determined using fluorescence and ultra-
centrifugation techniques.

Fluorescence Centrifugation | DynaPro
CMC (mM) 022-03 - 0.27
R (nm) - - 38
MW (kDa) - 63-97 74
N 100 - 134 119

Table 1: Properties of TX100 Micelles

Molecular Weight Calculator =[O

Enter Radius [om: [ 36 Close

Calculated Molecular Weight (by MW Model]——

Standard Protein Curve (kD) -

Vol Shape Hydration MW (kDa): [115

Figure 101-2: MW Calculator from DYNAMICS sofrware
package.

By simultaneously providing total scattering intensity.
hydrodynamic radius, polydispersity, and estimated MW as a
function of surfactant concentration, the DynaPro enables one to
study CMC., aggregation number, size. and system homogeneity.
Its ease of use and applicability to a wide range of solution
phenomena, without the introduction of system perturbation.
gives it an appealing advant: in the exploration of
macromolecular interactions in solution.

Conrributed by
University of ¥
Charlotresville

Harold Goldston; Department of Chemical Enginearing,
nia, Charlottesville VA and Bob Collins; Protein Solutions Inc.,
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# 102 Measurement of Mixed Micelle Size by Dynamic Light Scattering

Many applications of surfactants involve mixtures.
Indeed. surfactants are typically impure so that even
single materials may be considered mixtures. One
particularly typical combination is that of ionic and
nonionic surfactants. ~ While the former are highly
detergent, the latter exhibit less foaming. more resistance
to precipitation on cooling or on addition of divalent
cations. and less skin irritation.

Mixed surfactants generally form mixed micelles. The
size or aggregation number (N) of these micelles is an
indication of their efficiency for solubilization and also
correlates  with the viscosities of their solutions.
However. the size of the mixed micelle is not simply an
average of the sizes of the two ‘pure’ micelles.

The dimensions of mixed micelles of a nonionic
surfactant. Triton X-100 (TX100) and sodium dodecyl
sulfate (SDS) were determined with the DynaPro using
the method of Cumulants. The total surfactant
concentration was maintained at 20 mM. which is 100
times larger than the critical micelle concentration. and
the ratio of anionic to nonionic was varied. The ratio is
reported as the mole fraction of SDS (Y). Measurements
were performed at moderate. intermediate, and high ionic
strengths (100. 400, and 600 mM. respectively) adjusted
with NaCl

Figure 102-1 shows the apparent radius as a function of
composition for three ionic strengths.

As evident in the figure. the ionic strength has very little
effect on Ry. for TX100. while the salt effect is dramatic
for both the mixed micelles and SDS alone. In particular,
micelle size diminishes monotonically with anionic
content at low salt. but passes through a maximum at high
salt. Mixed micelle size decreases with increase in Y in
100 mM NaCl. increases strongly with Y in 600 mM
NaCl. and is virtually independent of Y for 0.3 <Y < 0.8
in 400 mM NaCl.

04 03 06 07 DB 09 1
y [sDs]

~ [8DS] + [TX100]
Figure 102-1: Hydrodynamic radius of mixed micelles as a

Jfunction of mole fiaction SDS (Y) in 100 (B), 400 (J), and
600 (H) mM NaCl,

The above results can be understood in terms of
effective surfactant head group area. For geometric
reasons. larger surfactant head groups correspond to
smaller N. in that fewer surfactant molecules are
required to produce a micelle of the same size. For
ionic surfactants, the effective head group size includes
a contribution arising from electrostatic repulsion. For
this reason. micelle size increases with added salt for
pure SDS (Y = 1). When repulsive forces dominate. i.e.
at low ionic strength. the effective head group size of
SDS is larger than that of TX100. This is why N
increases upon TX100 addition in 100 mM NaCl until Y
diminishes to < 0.15 (right to left in Figure 3). For Y <
0.15. the SDS groups are too far apart to repel each
other.

At high salt. the range of electrostatic effects
diminishes. and the effective head group size of SDS is
small compared to that of TX100. Consequently.
micelles grow upon addition of SDS up to Y = 0.9.
Under these conditions however. repulsive effects begin
to contribute, and a subsequent drop in N is observed
upon further increase in Y.

Contributed by Yilin Wang and Paul Dubin; Department of Chemistry, Indiana
University-Purdue University, Indianapolis IN.
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# 205 Thermal Dissociation and Denaturation 

[image: image14.wmf]
# 501 Polymer GPC Characterization Using Coupled RI and LS Detectors

# 502 Effects of Band Spreading on HPLC Static Molecular Weight Calculations

# 503 Single Injection Protein Extinction Coefficient Measurements

# 504 Enhanced Dynamic Light Scattering Resolution of Protein Mixtures

# 601 Recognizing Promiscuous Inhibitors in Drug Target Screening 

[image: image15.png]Background

Many hits during high-throughput screening appear to uncover novel leads for drug design. Often, these “hits” fail to be developed
into viable leads because they have poor selectivity. display little relationship between structure and function, and act non-
competitively. It has been shown that often these false hits are due to the fact that the active forms of these molecules are actually
ageregates of many individual molecules. Further. it has been shown that these “promiscuous inhibitors™ can be analyzed using the
method of dynamic light scattering to determine that they are aggregated molecular forms via particle size analysis.! This study
demonstrates the utility of the DynaPro Molecular Sizing Instrument in characterizing these promiscuous inhibitors and facilitating
the drug development process. Our studies also lend credence to the “only active as aggregate™ theory.




# 801 Polystyrene Standards
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# 802 BSA Monomer and Dimer
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# 803 Thermal Stability of Hemoglobin

[image: image19.png]Background

Hemoglobin is found in the red blood cells of all vertebrates and carries oxygen from the lungs to the rest of the body. In this study.
the stability of hemoglobin was examined as a function of temperature. The DynaPro™ light scattering instrument confirmed a
change of hydrodynamic properties of this vital protein at a temperature of 42C.





# 804 Stability of Colloids For Medical Imaging 
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# 805 Gold Sol Colloids 
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# 806 Pigment inWater
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# 807 Colors in Organic Solvents 
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#  Combining Static and Dynamic Light Scattering of OCR 

[image: image24.png]Ba ckg round
The DynaPro has the capacity to perform Static (Rayleigh) Light Scattering. The advantage of this technique is the ability to
measure Molecular Weight with high accuracy and. in combination with Dynamic Light Scattering. gain information such as the

shape characteristics of the protein being studied. Here we look at an application of the technique with the elongated bacteriophage
T7 OCR protein which acts as a DNA mimic and potent inhibitor of Type I DNA restriction and modification enzymes.
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