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1390, 1240 cm-', 'H NMR (360 MHz, benzene- 22 February 1983; revised 2 May 1983 
and no ionization of "internal" buffer 
protons (Eq. 9) 

Free-Metal Ion Depletion by "Good's'' Buffers 

Abstract. Metal-ion aflnity lformation) constants were determined for. two 
"Good's" buffers, N-tris(hydroxymethy1)methyl-2-aminoethmes~djknic acid (TES)  
and N,N-bis(2-hydroxyethy1)glycine (bicine). The metal chelates formed undergo 
loss of an internal ligand (alcohol) proton (bicine) and undergo hydrolysis (bicine and 
TES) and dimerization reactions (TES).  Bicine and TES buffer not only hydrogen 
ions but also metal ions. The metal complexes of "Good's" buffers also buffer 
hydrogen ions by secondary reactions. The consequences of these reactions are 
considered in relation to biomedical research. 

In 1966, Good et al. reported ( I )  a new ADA {[(carbamoylmethyl)imino]diacetic 
series of buffers for use in biological acid) buffer, the actual reaction under 
research. The buffers had several impor- consideration is 
tant properties including a p K ,  (the nega- c,(ADA)~~- + apoenzyme = 
tive logarithm of the acid dissociation 
constant) between 6 and 8, maximum   ADA^- + M-enzyme complex (1) 

water solubility with minimum solubility The same reaction studied in a BES 12- 
in other solvents, minimum salt effects, [bis ( 2  - hydroxyethyl) amino] ethanesul- 
low ability to cross biological mem- fonic acid) buffer is - 

branes, and supposedly low affinities for 
biologically important metal ions. It is 
the last of these properties that is of 
concern here. 

The widespread use of "Good's" buff- 
ers in biological studies involving metal 
ions, for example, the calculation of pro- 
tein-metal affinity constants, probably is 
in part responsible for the many conflict- 
ing data and conclusions derived by in- 
vestigators studying identical metal cat- 
ion-protein systems at  the same p H  in 
carefully executed experiments. For  ex- 
ample, if one is studying the binding of 
Co2+ to an apoenzyme at  pH 7.3 in an 
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Co(BES)+ + apoenzyme = 
BES- + M-enzyme complex (2) 

Equations 1 and 2 will yield very differ- 
ent metal cation-protein affinity con- 
stants. This conclusion is based on met- 
al-buffer stability constants and ligand- 
metal ion stoichiometries that have been 
determined in this laboratory. The metal 
cation-protein binding constants will be 
dependent on the buffer used. Correct 
affinity constant values for Eq .  3 

3. Mx+ + apoenzyme , 
M-enzyme complex (3) 

We have obtained data (2) that reactions 
such as  those in Eqs. 7 , 8 ,  and 9 d o  occur 
with "Good's" buffer-metal complexes 
in the p H  range 6 to 9 commonly used in 
biological and medical research. 

Table 1 presents metal ion affinity (for- 
mation) constants (3) for bicine [N,N- 
bis(2-hydroxyethy1)glycinel and T E S  [N- 
tris(hydroxymethy1)methyl-2-aminoeth- 
anesulfonic acid], two of the "Good's" 
buffers. These buffers were chosen to 
emphasize that "Good's" compounds 
buffer H +  concentration as  well as  metal 
ion concentrations and also that the re- 
sultant metal complexes buffer H+ (Eqs. 
7 and 9). Bicine forms 1 : 1 and 2 : 1 buff- 
er-metal ion complexes with Cu(II), 
Co(II), and Zn(II), and only 1: 1 com- 
plexes with Mn(I1) and Ca(I1). The bis- 
(bicinato)copper(II) chelate undergoes a 
most remarkable reaction, dechelation of 
an aminoacidate group upon alcohol pro- 
ton ionization (Eq. 10) (4) 

This reaction is also followed by depro- 
tonation of the coordinated H 2 0  to pro- 
duce the corresponding hydroxo com- 
plex (KoH) (Eq. 11) 



Table 1. Formation (affinity) constants. References and Notes 

Ion 

H + 

Cu(I1) 
Co(I1) 
Zn(I1) 
Mn(I1) 
Ca(I1) 

-- 

*See Eqs. 10 and 11. 
complex formation. 

Bicine 
TES, log K I B  

log K I B  1% K 2 ~  

8.39 ir 0.01 7.60 ? 0.01 
8.07 ? 0.01 5.40 ir 0.02* 3.90 ir 0.02t 
5.30 ir 0.01 3.38 ir 0.02 2.07 * 0.02 
5.37 ir 0.01 2.67 ir 0.03 2.08 ir 0.02 
3.02 ? 0.01 f 
2.66 ir 0.01 - 0 

+See Eqs. 12 and 13. $Hydrolysis and precipitation are concomitant with any 

The values for KI, and KOH are 
10-12.36 -t 0.02 and 10- 10.42 3 0.02 , respec- 
tively. On the other hand, TES forms 
much weaker metal complexes with met- 
al ions (no complex formation with Ca2+) 
than bicine. However, the 1:l Cu(I1)- 
TES chelate undergoes hydrolysis (Eq. 
12) and subsequent dimerization (KD) 
(Eq. 13) in the neutral pH range (5) 

The values for KOH and KD are 
10-6.62 -t 0.02 and 10+2.30 * 0.04 , respec- 

M(I1) is in the order ADA > bicine > 
ACES > BES - TES. The last three of 
these buffers, however, do not bind 
Ca(I1). Those doing studies in the pres- 
ence of these buffers and metal ions 
should take into account the metal com- 
plexes formed and their possible delete- 
rious effects on the interpretation of data 
collected in their presence. Routinely 
used buffers other than those developed 
by Good et al. (I)  have also been shown 
to complex metal ions, most notable tris, 
[tris(hydroxymethyl)methylamine] (6). 
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tively. It is obvious from the above reac- Morgantown 26506 
tions that not only do "Good's" buffers 
complex metal ions but also that the 
metal complexes formed have a rich so- 

l .  N. E. Good et al.,  biochemist^^ 5 ,  467 (1966). 
2. R. Nakon, Anal. Biochem. 95, 527 (1979); J. M. 

Pope, P. R.  Stevens, M. T .  Angotti, R.  Nakon, 
ibid. 103, 214 (1980). 

3. Potentiometric formation curves were obtained 
at 2 5 . 0 0 9  0.05" and ,O.lM (KNO,) ionic 
strength on a Corning Dig~tal 130 research mod- 
el p H  meter. Metal ion concentrations were - 0.025M. 

4. Visible spectra (not shown) of 2 :  1 bicine-Cu(I1) 
solutions from a = 0 to a = 2.0 (a is the number 
of moles of base per mole of complexing agent) 
evince a monotonic shift in maximum wave- 
length (A,,,) and extinction coefficient (E,,,) 
from a = 0.0 to 1.0, indicating the formation of 
[Cu(bi~ine)~].  The A,,, value at a = 1.0 is 610 
nm, in good accord with the value for a variety 
of other bis(aminoacidate)copper(II) chelates 
(A,,, - 605 nm [R. Nakon, E.  Beadle, Jr. ,  R. J .  
Angelici, J .  Am.  Chem. Soc. 96, 719 (1974)l. 
From a = 1.0 to 2.0, A,,, shifts monotonically 
to lower energy (A,,, = 724 nm at a = 2.0); this 
behavior indicates the loss of an aminoacidate 
ligand (Eq. 10). The A,,, and em,, values of 1 : 1 
and 2:  1 bicine-Cu(I1) solutions at a = 3.0 a n t  
2.0, respectively, are 724 nm and 64 M-' cm- , 
an indication that both solutions contain the 
same species, [Cu(H-, bicine)OH-I. The elec- 
tron spin resonance spectra of 1: 1 and 2:  1 
bicine-Cu(I1) solutions at a = 3.0 and 2.0, re- 
spectively, are identical; similarly, at a = 1.0 
and 0.5, respectively, identical spectra were 
observed. However, the 2:  1 spectrum at 
a = 1.0 was never seen in any 1 : 1 spectrum 
from a = 0.0 to 3.0. The species at a = 3.0 (2.0) 
is [Cu(H-' bicine)OH-I, at a = 1.0 (0.5) is [Cu- 
(bicine)'], but at a = 1.0 (2: 1 system) is [Cu(bi- 
cine)J. 

5. Visible spectral data of 1: 1 TES-Cu(I1) solu- 
tions show no large blue shift until pH > 11, an 
indication that there are no alcohol deprotona- 
tion reactions in the acidic or neutral pH re- 
gions. 

6. J .  L.  Hall, J .  A. Swisher, D. G. Brannon, T. M. 
Linden, Inorg. Chem. 1, 409 (1962); K. S .  Bai 
and A. E. Martell, J .  Inorg. Nuci. Chem. 31, 
1697 (1969). 
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lution chemistry. These latter reactions 
further buffer H +  concentration (Eqs. 10 Nucleotide Sequence of a Light Chain Gene of the 
through 12) and strengthen the metal 
complexes formed (Eq. 13). 

Although the constants listed in Table 
1 are on the whole small compared to 
those of metal ions for active sites of 
apoenzymes (10l0 to lo2'), they are of 
sufficient strength to lead workers to 
erroneous conclusions in systems of low 
metal-binding capabilities, for example, 
fluorescence quenchers, spin labels, and 
paramagnetic shift reagents. Further- 
more, the "Good's" buffer ADA forms 
a very stable chelate with Cu(I1) 
(K1 = 10'0.57)2, rivaling that of apoen- 
zymes, and Ca(I1) (K, = 1 0 ~ . ~ ' ) ~ .  The 
latter constant is high enough to cause 
the extraction of labile Ca(I1) from en- 
zymes or other biochemicals, thereby 
altering the structure of the protein with 
concomitant loss of activity. 

The users of "Good's" buffers should 
no longer assume, as is generally be- 
lieved, that they do not complex metal 
ions below or at physiological pH values. 
Studies on the following "Good's" buff- 
ers, ACES (2-[(2-amino-2-oxoethy1)ami- 
no]ethanesulfonic acid), ADA, BES, bi- 
cine, and TES indicate that all complex 
metal ions. The general tendency to bind 

Mouse I-A Subregion: 

Abstract. l a  ( I  region-associated) antigens are cell-surface glycoproteins involved 
in the regulation of immune responsiveness. They are composed of one heavy (a) and 
one light (P) polypeptide chain. W e  have sequenced the gene encoding the A P ~  chain 
of the BALBic mouse. The presence of six exons is predicted by comparison with the 
complementary D N A  sequences of human P chains and with partial protein 
sequence data for the A P ~  polypeptide. Sequence comparisons have been made to 
other proteins involved in immune responses and the consequent implications for the 
evolutionary relationships of these genes are discussed. 

The major histocompatibility complex 
(MHC) of the mouse is a cluster of genes 
encoding at least three different classes 
of proteins involved in immune respons- 
es (1). Class I molecules, the classic 
transplantation antigens, and class I1 
molecules are cell-surface, membrane- 
bound glycoproteins. Class I11 molecules 
are serum protein components of the 
complement pathway. While class I pro- 
teins are found on essentially all cells, 
class I1 representatives appear limited 
mainly to the surface of B cells and to 
antigen-presenting cells such as macro- 
phages. Class I1 proteins are required for 
antigen presentation and lymphocyte in- 
teractions involved in the activation and 
differentiation of antibody-producing 

cells or B cells (2). Murine class I1 genes 
are located in the I (immune response) 
region of the MHC and are consequently 
referred to as I region-associated or Ia 
antigens (3). 

Two types of Ia antigen have been 
defined in mice, I-A and I-E. Both are 
composed of two noncovalently linked 
polypeptides, a heavy chain (a) of about 
34,000 daltons and a light chain (P) of 
about 28,000 daltons (molecular size). In 
the past 2 years, advances in protein 
microsequencing and recombinant DNA 
technologies have led to a definition of 
the primary structure of various human 
and murine class I1 molecules (4-14). 
Both a and P polypeptides may be divid- 
ed into two external domains of approxi- 
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