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The microphase ad sorp tion - spec tral cor rec tion (MPASC) tech nique has been de scribed and ap plied to
the ag gre ga tion of trypan blue (TB) in pro teins. The for ma tion of the microelectrostatic field in pro tein causes
the Langmuir monolayer ag gre ga tion of TB. The ad sorp tion ra tio of TB to bo vine se rum al bu min (BSA),
ovalbumin (OVA), he mo glo bin (Hb) and hu man -glob u lin ( -G) was de ter mined to be 14.8, 8.4, 2.8 and 27.6, 
re spec tively, and the ad sorp tion con stant of the ag gre gates to be 7.17  105, 4.88   106, 4.85   106 and 2.99 
106. The ad sorp tion ra tio of TB to pro teins in ter est ingly in di cates al most no re la tion to the ar ray se quence of
amino acid res i dues. The in ter ac tion of TB with pro teins is sen si tive at pH 3.29, and the re ac tion was ap plied
to the de ter mi na tion of pro tein trace with sat is fac tory re sults.

Key words: MPASC tech nique;  Pro tein;  Langmuir ag gre ga tion;  Trypan blue (TB);  Micro electro -
static field.

IN TRO DUC TION

The in ter ac tion of pro teins with small ions and mol e -
cules has be come in creas ingly im por tant to the chem ist and
the phy si cian. Com bi na tions of pro teins with small an ions
and cat ions,1,2 sul fona mides,3 dyes,4,5 alkyl sul fates,6 fatty ac -
ids7 and ar o matic com pounds8 have been de scribed ear lier.
To day, more and more chem ists and bio chem ists are in ter -
ested in pro tein chem is try.9-13 How ever, the in ter ac tion of a
stain with pro tein has not been elu ci dated sat is fac to rily, and
ear lier ob ser va tions have not been ex plained clearly and rea -
son ably, e.g. the Pesavento equa tion.5 The pres ent work was
un der taken in an at tempt to clar ify the gen eral prin ci ples in -
volved in pro tein-stain in ter ac tion. For this pur pose, sev eral
pro teins, e.g. bo vine se rum al bu min (BSA), hu man -glob u -
lin ( -G), horse myoglobin (Mb) and ovalbumin (OVA) and
trypan blue (TB) were se lected in this study. In this work, we
cal cu late from the ex per i men tal mea sure ments, with the aid
of sim pli fy ing as sump tions, the num ber of TB bound to each
pro tein mol e cule and the ad sorp tion con stant of the ag gre -
gate. In ad di tion, the quan ti ta tive de ter mi na tion of pro teins is 
use ful14-18 in clin i cal tests and ac cu rate study of the in ter ac -
tion of a stain with pro tein.

The microphase ad sorp tion - spec tral cor rec tion (MPASC)
tech nique was de scribed and ap plied to the in ter ac tion of
trypan blue (TB) with pro teins (BSA, OVA, Hb and -G). The 
struc ture of TB is given be low:

The ion iza tion of the sulfonics forms a quad ri va lent an -
ion in one side of TB, and protonation of the aminos forms a
bi va lent cat ion in acid so lu tion in the other side of TB. We
found that the in ter ac tion of TB with pro teins (BSA, OVA,
Hb, -G) is sen si tive at pH 3.29 and se lec tive in the pres ence
of EDTA. The ex per i ments in di cate the ag gre ga tion obeys
the Langmuir iso ther mal ad sorp tion in only a monolayer. The 
ad sorp tion ra tio of TB to BSA, OVA, Hb and -G is 14.8, 8.4,
2.8 and 27.6, re spec tively; the ad sorp tion con stant of their
ag gre gates is 7.17  105, 4.88  106, 4.85  106 and 2.99  106

and their ab sorp tivi ty 4.95  105, 2.08  105, 4.50  105 and
3.26  106, l mol-1cm-1 at 660 nm. In ad di tion, an in ter est ing
ap pear ance in di cates the ag gre ga tion of TB in pro teins is in
re la tion to only the num ber of amino acid res i dues and no re -
la tion to their kinds and se quence.

EX PER I MEN TAL SEC TION

Ap pa ra tus and Ma te rials
Ab sorp tion spec tra were re corded with a TU1901
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spectrophotometer (PGeneral, Beijing) and an in de pend ent
absorbance was mea sured on a Model 722 Spectro photo -
meter (Shang hai 3rd In stru ments). DDS-11A con duc tiv ity
me ter (Tianjin 2ed Anal. In stru ments) was used to mea sure
con duc tiv ity to gether with a DJS-1 con duc tiv ity im mer sion
elec trode (elec trode con stant 0.98) (Shang hai Tienkuang De -
vices) in the pro duc tion of deionized wa ter of less 1 (
cm)-1. The pH of a so lu tion was mea sured with a pHS-2C
acid ity me ter (Leici In stru ments, Shang hai, China) and
Model 620D pH Pen (Shang hai Ren’s Electrostatics). The
tem per a ture was ad justed and re mained con stant in a Model
116R elec tric heated ther mo static bath (Changjiang Test In -
stru ments of Tongjiang, China).

Prep a ra tion of So lu tions
Stock stan dard so lu tions of pro teins were pre pared by

dis solv ing the com mer cial bo vine se rum al bu min (BSA)
(Beitai Bio chem i cal, Chi nese Acad emy Sci ences, Beijing,
China), hu man -glob u lin ( -G), (Serva, Hei del berg, Ger -
many), he mo glo bin (Hb) (Dongfeng Bi o log i cal Tech no log i -
cal, Shang hai) and ovalbumin (OVA) (Shang hai Chem i cal
Re agents Cen ter) in deionized wa ter. The pro tein con tent (w,
mg/mL) in the above so lu tions was de ter mined and cal cu -
lated by the re la tion: w = 1.45 A280nm - 0.74 A260nm

19 by mea -
sur ing their absorbances (A260nm, A280nm) at 260 and 280 nm by 
UV spectrophotometry. 0.600 mM TB was pre pared by dis -
solv ing 0.4904 g of trypan blue (TB, con tent 60%, pur chased
from Shang hai Re agents Sup ply Cen ter) in 500 mL of de -
ionized wa ter. The Britton-Robinson buffer so lu tions (pH
2.21-8.69) were pre pared to ad just the acid ity of so lu tion. 2.0
M NaCl was used to ad just ionic strength of so lu tion. The
Na2-EDTA so lu tion (1%) was pre pared to mask the for eign
metal ions pos si bly co-existing in the sam ples.

Mea sure ments
(1) Ag gre ga tion of TB with Pro teins. Into a 25 mL cal i -

brated flask were added an ap pro pri ate work ing so lu tion of
pro tein, 2.5 mL of Britton-Robinson buffer so lu tion and 0.40
mL of TB so lu tion. The mix ture was then di luted to 25 mL
with deionized wa ter and mixed thor oughly. All the ab sorp -
tion mea sure ments were ob tained against the blank treated in
the same way with out pro teins. (2) Prep a ra tion of Sam ples
and De ter mi na tion of Pro teins. Two sam ples were pre pared
for eval u at ing the rec om mended method. The first (1#) used
lake wa ter as back ground, where 1 mg of ac e tone, glu cose
and PO4

3-, 0.1 mg of F-, Cu(II), Mn(II), Zn(II) and 0.05 mg of
Pb(II) and Cd(II) were added. The sec ond (2#) used drink ing
wa ter as back ground, where 1 mg of NH4

+, eth a nol, amino
acid, sugar, 0.2 mg of F-, Fe(II), Mg(II), Zn(II) 0.05 mg of

Pb(II), Ni(II) and 0.01 mg of Hg(II) were added. In them, an
un known amount of stan dard BSA, OVA, Hb and -G so lu -
tions was added, re spec tively and in de pend ently. In the anal -
y sis of the sam ples, the mask ing re agent, 0.5 mL of Na2-
 EDTA so lu tion (1%) was added to com plex metal ions. The
next suc ces sive op er a tion is same as (1).

Prin ci pal Equa tions and Cal cu la tion
The bi o log i cal macromolecule, e.g. pro tein, of ten con -

tains a com plex spa tial struc ture. The wind ing, folds, coils
and other ar range ments leads to many holes, gul lies and he lix 
grooves. Be cause of the hy dro pho bic in ter ac tion, a great deal
of the hy dro pho bic groups are close to each other. The pro -
tonation of amino (-NH2) in the po lar amino acid res i dues and 
the dis so ci a tion of the car boxyl (-COOH) in the po lar amino
acid res i dues re sults in the for ma tion of many micro electro -
static fields20 in a pro tein mol e cule. It at tracts small cat ions
and an ions si mul ta neously till ki netic equi lib rium (Fig. 1).
The microelectrostatic field is so nar row that stain mol e cules
are ad sorbed in only a monolayer. There fore, the ag gre ga tion
is re garded as the monolayer ad sorp tion of the microelectro -
static field. In ad di tion, we found that the equi lib rium equa -
tion of the con ven tional bio chem i cal re ac tion is the same as
the Langmuir iso ther mal ad sorp tion.21 The ad sorp tion equi -
lib rium oc curs: L (aque ous phase, CL)  MLN (macro mo le c -
u lar phase, CM) in L-M so lu tion. The Langmuir iso ther mal
ad sorp tion may be ex pressed as fol lows:

(1)

where K is the equi lib rium con stant and CL the con cen tra tion
of the ex cess L. N in di cates the max i mal ad sorp tion ra tio of L
to M and  the mo lar ra tio of L ad sorbed to M. K is cal cu lated
from equa tion 1. Both CL and  are cal cu lated by means
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(2)

(3)

where

(4)

where both CM and CL0 are the con cen tra tion of the M and L
added ini tially and  in di cates the ef fec tive frac tion of L. Ac,
A0 and A are the real absorbances of the M-L prod uct; the
mea sure ment absorbance of the re agent blank against wa ter
and that of the M-L so lu tion against the re agent blank are di -
rectly mea sured at the peak wave length 2. Within an in -
crease in L con cen tra tion,  will ap proach a max i mum N. Ac

is cal cu lated by the re la tion:24

(5)

where A  in di cates the absorbance of the M-L so lu tion mea -
sured re spec tively at the val ley ab sorp tion wave length .
Usually,  and  are the cor rec tion co ef fi cients25-28 and they
are cal cu lated by mea sur ing di rectly MLN and L so lu tions.
How ever, the self-assembly of stain also oc curs to form the
dimer or poly mer.29,30 Thus,  changes with vari a tion of L
con cen tra tion (CL0). In ad di tion, the ab sorp tivi ty (real r  not 
ap par ent a ) of the ad sorp tion prod uct MLN at 2 is also di -
rectly cal cu lated by the means of:

(6)

where  is the cell thick ness (cm) and the oth ers have the
same mean ings as above.

The com bi na tion of both the Langmuir ad sorp tion and
the spec tral cor rec tion techniquewill pro vide a very help ful
ex per i men tal strat egy for study of chromo phore or its me tal -
lic com plex’s ad sorp tion in surfactant so lu tion. This method
is named Mi cro Phase Ad sorp tion - Spec tral Cor rec tion pro -
vides a very help ful ex per i men tal strat egy for study of the ag -
gre ga tion of stain in pro teins. The method is called micro -
phase ad sorp tion - spec tral cor rec tion tech nique (MPASC).
We found that the Pesavento hy poth e sis is iden ti cal with the
Langmuir ad sorp tion Equa tion (1). Con se quently, we think
that the the o ret i cal foun da tion of the Pesavento hy poth e sis
co mes from the Langmuir ad sorp tion.

RE SULTS AND DIS CUS SION

Spec tral Anal y sis
The ad sorp tion of TB in pro teins (BSA as rep re sen ta -

tive) was car ried out, and the spec tra of the so lu tion are
shown in Fig. 2, which con tains 1.00 mg of BSA and 0.240

mol of TB. From curve 1, the peak ab sorp tion of TB is lo -
cated at 575 nm and that of the BSA-TB ag gre gate at 620 nm
from curve 2. The spec tral red shift of the ag gre gate is only 45 
nm. From the rel a tive spec trum 3, the peak and val ley ab sorp -
tion of the re acted so lu tion is lo cated at 660 nm and 560 nm,
re spec tively. So these two wave lengths were used in this
work. From curve 2, the cor rec tion co ef fi cient is cal cu lated to 
be  = 1.26. From curve 8, we ob serve that  of TB so lu tion
has an ob vi ous change with TB molarity. So the self- aggrega -
tion of TB mol e cules can oc cur at room tem per a ture.

Ef fect of pH on Ag gre ga tion of TB in Pro teins
The ef fect of pH of so lu tion on the ad sorp tion ra tio ( )

of TB to pro tein (BSA as rep re sen ta tive) is shown in Fig. 3.
The ad sorp tion ra tio of TB to BSA ap proaches max i mum
be tween pH 2.8 and 4.0. This is at trib uted to the fact that the
amino (-NH2) on the po lar amino ac ids of pro tein protonates 
in acidic so lu tion to form a pos i tive charge, -NH2

+. The pos -
i tive elec tro static charge den sity in creases in pro tein and
thus it re sults in en hance ment of the at trac tion of TB on pro -
tein.
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Fig. 2. Ab sorp tion spec tra of TB and its BSA so lu tions
at pH 3.29: 1- TB (0.180 mol); 2- TB (0.180

mol) - BSA (2.0 mg) so lu tion; 3- TB (0.240
mol) - BSA (0.500 mg) so lu tion and 4- vari a -

tion of  with TB con cen tra tion. 3- against re -
agent blank and the oth ers against wa ter ref er -
ence.



Ef fect of Ionic Strength and Tem per a ture on Ag gre ga -
tion of TB

The in flu ence of ionic strength of so lu tion on the ad -
sorp tion ra tio of TB to BSA is shown in Fig. 4. From curve 1,
the ad sorp tion ra tio of TB to BSA de creases with an in crease
in ionic strength. This is at trib uted to the fact that high con -
cen tra tion NaCl may vary the struc ture of pro tein and si mul -
ta neously more Cl- was ad sorbed in the elec tro static fields of
pro teins. The ef fect of tem per a ture on the ad sorp tion ra tio of
TB to BSA is shown in Fig. 4, too. The ad sorp tion ra tio of TB

to BSA in creases with an in crease in tem per a ture from curve
2. This is dif fer ent from the other in ter ac tion sys tems.20,31,32

The self-aggregation of TB is de stroyed, and the TB mono -
mer con cen tra tion in creases at high tem per a ture. The small
mono mer binds pro tein eas ier than the self-aggregate be -
cause of the lighter weight and smaller spa tial ob sta cle.

Ef fect of TB Con cen tra tion and De ter mi na tion of Char -
ac ter is tic Con stants of Ag gre gates

By vary ing the ad di tion of TB so lu tion, the absorbance
of a so lu tion was mea sured, and both the  and CL of each
were cal cu lated. Their re la tion ship is shown in Fig. 5. All
mea sured points are lin ear so the ag gre ga tion of TB in pro -
teins obeys the Langmuir monolayer ad sorp tion. From the
line in ter cepts, the ad sorp tion ra tio of TB to BSA, OVA, Hb
and -G was cal cu lated to be 14.8, 8.4, 2.8 and 27.6, re spec -
tively. By Equa tion (1), the ad sorp tion con stant of the TB ag -
gre gates with BSA, OVA, Hb and -G were cal cu lated, and
their ad sorp tion con stants were 7.17  105, 4.88  106, 4.85 
106 and 2.99  106, re spec tively. By Equa tion 6, the real ab -
sorp tivi ty ( ) of the ag gre gates was cal cu lated to be 4.95 
105, 2.08  105, 4.50  105 and 3.26  106, re spec tively. Ad di -
tionally, we tried to cal cu late the ad sorp tion num ber (R) of
TB in per 1 mg of pro tein. The re sults are as fol lows: BSA
0.21, OVA 0.19, Hb 0.18 and -G 0.18. Be cause the Rs are
near to each other, 1.0 mg of pro tein binds con stant TB mol e -
cules in spite of the dif fer ent ar ray of amino acid res i dues. It
also in di cates one elec tro static field con sists of con stant
amino acid res i dues, and it is in al most no con nec tion with
the se quence of amino acid res i dues. In the de ter mi na tion of
the ad sorp tion ra tio and equi lib rium con stant, the spec tral
cor rec tion method has spe cial ad van tage in op er a tion and
prin ci ple by com par ing the clas si cal meth ods such as mo lar
ra tios,33 con tin u ous vari a tions34 and equi lib rium move -
ments.35
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Fig. 5. -1 vs. CL
-1: 1- BSA (0.500 mg) so lu tion, 2-

OVA (0.600 mg) so lu tion, 3- Hb (0.500 mg) so -
lu tion and 4- -G (1.80 mg).



Ap pli ca tion to De ter mi na tion of Pro teins
(1) Cal i bra tion Graph for De ter mi na tion of Pro teins.

The stan dard se ries of pro teins were pre pared and mea sured
with Tb at pH 3.29. The re gres sion equa tions are given in Ta -
ble 1. They are all lin ear in the rec om mended scope. Be cause
of the sim i lar slope, the real absorbance of the ag gre gate has
no re la tion to the pro teins’ struc ture. Fig. 6 shows the vari a -
tion of  of TB with pro tein and the ef fec tive TB takes up
0-100% in var i ous pro tein so lu tions at the ad di tion of 0.40
mL of the TB so lu tion. So the ab sorp tion of an ex cess of TB
may not be omit ted, and its in ter fer ence is se ri ous to the real
absorbance of the ag gre gates es pe cially in low con cen tra tion
pro tein so lu tions. It is nec es sary for the spec tral cor rec tion
method to be used in place of or di nary spectrophotometry.
For 0.010 of Ac, the de tec tion limit was cal cu lated to be 0.025 
mg of pro tein in 25 mL of so lu tion. Six rep li cated de ter mi na -
tions of 1.00 mg of BSA were made, and the mean is 1.05 
0.08 mg of BSA. (2) Ef fect of For eign Ions. By add ing
EDTA-Na2 in so lu tion, the in flu ence of for eign sub stances
and ions on the de ter mi na tion of pro tein was tested at pH
3.29. None of the fol low ing sub stances af fected the di rect de -
ter mi na tion of 0.300 mg of BSA (less than 10% er ror): 5 mg
of K+, NH4

+, Ca2+, SO4
2-, 1 mg of Cl-, F-, PO4

3-, SO3
2-, C2O4

2-,

Tri ton x-100, glu cose, amino acid, Mg(II), Fe(III), 0.5 mg of
ac e tone, eth a nol, Cu(II), Mn(II), Zn(II), Pb(II), Ni(II),
Co(II), Cd(II), 0.1 mg of Hg(II). (3) De ter mi na tion of Pro tein 
in Sam ples. The an a lyt i cal re sults of pro tein in sam ples are
given in Ta ble 2. The re cov ery of pro teins is be tween 97.6
and 106%.

CON CLU SION

The in ves ti ga tion to the in ter ac tion of TB with pro tein
sup ports the Langmuir ag gre ga tion of stain and the micro -
electrostatic field, though MPASC tech nique has not given a
higher sen si tiv ity than other meth ods such as RLS.15 How -
ever, it may meet pre ci sion and ac cu racy cri te ria and of fers
the ad di tional ben e fits of sim plic ity and ver sa til ity. We un -
der stand the clas si cal method can still play an im por tant role
in the study of biomacromolecules.
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