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ABSTRACT

A highly sensitive Rayleigh light scattering (RLS) method has been
devel oped for the determination of protein concentrationsin human serum
album (HSA) and bovine serum album (BSA) based on the reactions of
HSA and BSA with oxidized hematoxylin. One of the distinguishing festures
of this method proposed here was heating the mixture of protein and
hematoxylin at pH 4.40in 80 °C water bath for 15 minutesbefore assay. And
another interesting phenomenon observed was that the addition of
hematoxylin to the protein solution could prevent protein from deposition
in hot water. Under the optimal experimental conditions, the greatly
enhanced RLS of dye-protein was linearly. The linear range of the
determinationis0-6.2 mg/L for HAS, and the detection limitis34 ug. The
foreign substances, such as urea, amino acids and metal ions, have little
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effect on the determination.

INTRODUCTION

Elagticlight scattering can bedividedinto two cat-
egories: when thescaleismuch smdler thantheinci-
dent light wavelength of scattering particles(dimension
of thescattering particlessmaller than 0.1 1), itisknown
asRayleigh scattering; if the Rayleigh scattering located
near theabsorption, itislikely to cause scattering inten-
sity increased dramatically, and this phenomenonis
known as Rayleigh scattering!?. Pasternack® had put
forward amethod for the determination of nucleicacid
basaed on theresonancelight scattering technique, which
useordinary fluorescent photometer for determination,
overcoming traditional light scattering technique seng-
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tivity low, the disadvantages of instrumentsand experi-
mental conditions, and this method opened up anew
field for theresearch on biologica macromolecular as
thelight scattering probe.

Thedetermination of proteinsisabasic require-
ment in biochemistry, becauseit isrelated to nourish-
ment, cellularity, enzyme, hormone, virus, epidemicdis
ease, inheritance, vital genesis, and so on. In recent
years, many dyes have been used for protein determi-
nation, such asCoomasseBrilliant Blue(CBB), Lowry
and Bromcresol Green (BCG) methods. A sensitive
method based on enhanced Rayleigh light scattering
(RLS)*3 hasbeen devel oped. RLS hasbeen used to
measuremeta iong* and biological molecul€®. Onin-
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vestigating theinteraction between hematoxylin (its
chemical structureshownin Figurel!®) and proteinsin
hot water bath, we surprisingly found that the RL S of
dye-protein system was greatly enhanced compared
with puredye. Inthis paper, detailed study of the ap-
propriate conditionshas been conducted and wefound
that theva uesof enhancement werelinear withthecon-
centrationsof proteins.
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EXPERIMENTAL

Apparatus

The spectrum and the intensity of RLS were ob-
tained with aRF-5301PC fluorescence spectrometer
(Shimadzu, Japan) witha150 W xenonlampandal
cm quartz cell. Theabsorption spectrain visiblelight
rangewererecorded with a Shimadzu (Kyoto, Japan)
UV-265 Spectrophotometer. The pH measurements
were madewith apHS-3C meter (Shanghai, China).

Reagents

Hematoxylin (Hmx) was obtai ned from Shanghai
Chemica Reagent Company (China) and wasdirectly
dissolved into water to prepare a solution of 5x10*
mol/L, and then it was heated in 80 °C water bath for
one hour. The solution was only used the day it pre-
pared. Tween-20 (Farco, chemical supplies),
dodecyl benzene sulfonic acid sodium salt (shanghai
chemicd reagent purchasng station), and cetyl trimethyl
ammoniumbromide(CTMAB, Beijing chemica plant)
were used. Britton-Robinson buffer (pH=4.40) was
composed of 1000mL acid mixture (2.71mL H,PO,,
2.36 mL CH,COOH, 2.47 g H,BO,) and 275 mL
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NaOH (0.2 mol/L).

Bovineserumdbumin (BSA, BejingAoboxing Bi-
ology Technology Company, the purity gradeinferior
99.9%) and egg adbumin (Alb) weredirectly dissolved
inwater to prepare stock solutionsof 620 ug/mL, and
stored at 0-4 °C. Working solutionswerefreshly pre-
pared by appropriate dilution with water before use.
The precise concentrations were determined spectro-
photometricaly at 280 nmwiththe &' (the absorbency
of 1% m/v solutionwithalcmcdl, cm*mL1g) values
for BSA: 6.6/"8, HSA: 5.3, Alb: 7.5, The concen-
trationsof the stock solutionswerethat BSA: 61 mg/L,
HSA: 58 mg/L,Alb: 52mg/L.

All other chemical swereanalyticd -reagent grade
or the best grade commercially available. Human se-
rum sampleswere obtained from Hebel workers’ Medi-
ca College(Baoding, Ching). Theserum sampleswere
diluted 100,000-fold with water to prepare stock stan-
dard solutions, which were stored at 0-4°C. All stock
solutions of proteinsand chemical swerepreparedin
doubly de-ionized water.

Sandard procedure

A catanvolumeof protensstandard sol utions, oxi-
dized hematoxylin, 2.0 mL buffer and 0.3mL
dodecyl benzenesulfonic acid sodium sat solution were
added to a10 mL volumetric flask, diluted with water,
and then put it into 80°C water bath for 15 minutes.
The RLS spectrawere obtained withtheexcitation and
emission monochromatorsof the spectrofluorimeter
scanned synchronoudy (0.0 nminterval between exci-
tation and emi ssion wavel ength) with thewave ength
range 200-700 nm. All measurementswere obtained
against ablank treated in the sameway without pro-
teins. Based onthese spectra, theintensity of RLSwas
measured with excitation and emission wavelengths at
510.0 nm.

RESULTSAND DISCUSSION

Reaction and spectral characteristics

The absorption spectraof hematoxylin (Figure2)
have been studied. Thereweretwo peaksin ultravio-
let light range, while a peak appeared at 443.0 nm
after hematoxylin solution was heated and the two
peaksin ultraviolet light range became higher. When
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protein was added in hematoxylin solution, the ab-
sorption at 443.0 nm becamelower. It indicated that
BSA wasbounded to hematoxylin, but the changewas
too dight to determine. Hematoxylin isan unsteady
dye. It can be oxidized by hydrogen peroxide in
weakly acidic medium or by trace ruthenium (111)
Water bath can also promoteits oxidation, so 80°C
water bath was chosen. The oxidized hematoxylin
spectrum changed dightly when BSA wasadded; this
change was moredistinct when the system was heated
in 80°C water bath for 15 minutes. It can be seen
from figure 3, which the scattering intensity of oxi-
dized hematoxylin was greatly enhanced when BSA
was added. It indicated that therewasinteraction be-
tween oxidized hematoxylin and proteinsafter themix
solution was heated. A ccording to the comparison of
absorption and RL S spectraof the heated or unheated
mixed solution system, hot water bath hasagreat in-
fluence on the RLS spectrum of the system.

RLS
40,0
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Figure3
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Temperatureand timeof thereaction

According totheexperiment results, wefound that
therateof the reaction between oxidized hematoxylin
and proteins was very slow and hot water bath can
accelerateit. Asisknownto dl that the changesof the
temperature can affect the structure of the protein, but
the effect may bereversiblewhen the pH of the solu-
tion wasbelow 6.0. Some experimentswere madein
different temperatures (50, 60, 70, 80, 90°C) with dif-
ferent reactiontimeincluding 3, 5, 10, 15, 20, 30, 50
minutes, but no obviousrulewasobtained. When he-
matoxylinwasadded into protein, protein flocculation
and precipitation can be prevented efficiently inhigh
temperature. A ccording to the experiment using oxi-
dized hematoxylin to determine the concentration of
Fel%, we chose 80°C water bath for 15 minutesinthe
wholeexperiment.

Effect of solution acidity

Figure4 showsthat the values of pH significantly
affected theRL Sintengity of blank oxidized hematoxy-
linand Hmx-BSA. At therangeof 1.81-3.12,theRLS
intensity wasvery high and changed dightly. Whilein
3.12-4.46, the RLSintensity decreased quickly with
thevauesof pH increasing. Theexperiment resultsin-
dicated that the peak of Hmx-BSA complex at 510 nm
will moveto 470 nm at low values of pH. When the
system was heated, some proteinswould be metamor-
phosed and the RL Sintensity becamevery large, the
RLS spectrum of Hmx-BSA complex at low val uesof
pH wasthe sameasthe spectrum of blank proteins. At
pH 4.40 the peak was sharp and far from the peak of
degenerative proteins. In order to avoid theinterfer-
ence of degenerative proteins, pH 4.40 was chosen
evenif somesenstivity would belost.

Effect of oxidized hematoxylin concentration

TheRLSintensitiesof sol utionsconta ning various
concentrationsof oxidized hematoxylinand BSA were
measured (Figure5). Wefound that the concentration
of oxidized hematoxylin affected the RL S sensitivity.
Whenthe concentration wasbeow 1.5x10*mol/L, the
RLSintensity wasgresatly high. So 1.5x10*mol/L he-
matoxylin was selected.

Effect of surfactants
Surfactantsaffected theintensity of RLS serioudly.
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When the concentration of CTMAB isbel ow 0.03%,
it can reducetheability of hematoxylinboundingto pro-
teins. AsSCTMAB bearing negative charge neutralized
the positive charge of theproteins, theseresultedina
decrease of scattering intensity. But theinfluence of
Tween-20wasdightly in hematoxylin-proteinssystem.
When dodecylbenzene sulfonic acid sodium salt was
added into thesystem (Figure 6), the RLSintensity of
systemwasaffected especidly intheconcentration rang-
ingfrom0.2x103g/Lt00.4x103 g/L. S00.3x103g/L
for dodecylbenzene sulfonic acid sodium salt was se-
lected inthefollowing experiments.

a0 b A) Hmx-BSA
70} ___——'*‘*—‘\
60
50 (B) difference between (A)and ( C‘h\\
@ 4l N
xr iy
20
10 + (C) Hmx
ol PR .
1.5 2.0 25 30 35 40 45
pH
Figured

Effect of interferingsubstanceson RLS

Theinterferenceof variousmetd ionshasbeen stud-
iedindetail and the statistical eva uation of the experi-
menta resultswasreported. Someof themetd ions, such
asAR T N2+ 12 P2 381 Rus* ¥ can react with hema:
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toxylin, but the concentrations of theseionsweretoo
low tointerferethedetermination. Asisshownin TABLE
1, afew of bascaminoacids(arginine, lysine, histidine,
etc.) interferedinthisassay. However, it can beignored
after the addition of the buffer. Sothe specia prepara
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a0k

RLS

30
20
10+

TABLE 1: Effect of interfering substanceson RLS

Concentration ChangeinRLS

Interference

/pg'mL* 1%
L-His 40 -7.83
L-lle 40 -2.25
L-Asp 40 -0.23
L-GIn 40 4.4
L-val 40 -6.3
L-Thr 40 -3.2
L-Pro 20 -25
L-Tyr 40 -3.0
L-Met 40 0
L-Trp 40 -14.5
L-Gly 40 -5.52
L-Ser 40 -2.38
L-Asn 40 -4.2
L-Phe 40 -4.0

Concentration Changesin RLS

Interference

/pg-mL™* 1%
L-Leu 40 -0.37
L-Arg 40 -7.9
L-Lys 20 -5.2
L-a-Ala 40 -0.51
Glucose 100 -1.2
Urea 800 -4.42
HCO';, Na* 10 -3.6
Zn*, SO,* 10 4.2
SO, Na* 10 2.2
K*, CI 100 -0.26
Na*, CI 10 48
cat, ar 10 6.27
NH.,Fe(SO
.1 2%1204)2 0.2 0.4
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tionwasnot performed beforesampledetermingtion. The
concentration of theinterferenceweinvestigated was
greatly larger than that in blood of human being, which
had diluted 100,000fold (TABLE 2).

TABLE 2: Concentration of electrolytein blood*4

-1 Diluted 100,000

In blood / mmol-L fold /pg'mL'l
Na' 145 3.3x10%
L K* 45 1.8x10°
Positive ions o .
Mg 0.8 1.9x10°
ca* 25 1.0x10°%
cr 103 4.6x10™
o HCOs 27 1.6x102
Negative ions 5. "
PO, 1 9.6x10
S02 0.5 4.8x10™

Calibration graphsand sensitivity

Theresultsfor the determination of the proteins
(BSA, HSA, Eggabumin) areshowninTABLE 3. A
satisfactory linear relationship between changesof RLS
and protei ns concentrationswith ahigh regression co-
efficient and awidelinear rangewas obtained.

TABLE 3Sandard regression equationsof variousproteins

Standard Linear Deter mination

Regression

Protein Regregsion range . tricient Limits
eguation /mg-L /ng-L
BSA  1=11797C(g/L)—4.766 0~15.5  0.9993 30.7
HSA  1=10650C(g/L)—1.677 0~6.2 0.9967 34
Alb  1=2121C(g/L)—0.176 0~155  0.9975 171

Application tosampleanalysis

By using the present method and choosing HSA as
thestandard, proteinsin human serum were measured.
Compared withthe datafrom Hebe workers’ Medical
College (Baoding, China), theresults are satisfactory
(TABLE4).

TABLE 4: Determination resultsfor human serum samples

Albumin
Sample No. < 5
C°lg-L C"/gL RSD/%
1 72.4 68.9 5.62
2 65.6 68.2 8.69
3 72.1 70.2 7.78
4 62.1 67.7 6.26
5 74.3 68.5 3.53

@Data obtained from the Hospital of Hebei Zhigong Medical
Coallege; ® This work
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CONCLUSIONS

Inthispaper, ahighly sensitiveRayleigh light scat-
tering (RLS) method has been devel oped for the de-
termination of protein concentrationsin human serum
album (HSA) and bovine serum album (BSA) based
onthereactionsof HSA and BSA with oxidized hema:
toxylin. Oneof thedistinguishing festuresof thismethod
proposed was heating the mixture of protein and he-
matoxylin at pH 4.40in 80 °C water bath for 15 min-
utes before assay. Without this proceduretheinterac-
tion between protein and protein was so weak that it
wasdifficult toobservethar changeinthe Rayleighlight
scattering spectra. And another interesting phenomenon
observed wasthat the addition of hematoxylinto the
protein solution can prevent protein from depositionin
hot water. The greatly enhanced RLS of hematoxylin
after addition of protein waslinearly dependent onthe
protein concentration in the range of 0-6.2 mg/L for
HSA. Theforeign substances, such asurea, amino ac-
idsand metal ions, havelittle effect on the determina-
tionof proteinsRLS. Thismethod hasbeen applied to
thedetermination of proteinsin human serum, and the
resultswereextremely closeto those obtained by Bi-
uret method.
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