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Abstract

The best way to store data on apparent equilibrium constants for enzyme-catalyzed reactions is to calculate the
standard Gibbs energies of formation of the species involved at 298.15 K and zero ionic strength so that equilibrium
constants can be calculated at the desired pH and ionic strength. These calculations are described for CoA, acetyl-
CoA, oxalyl-CoA, succinyl-CoA, methylmalonyl-CoA, malyl-CoA and CoA-glutathione. The species properties are
then used to calculate standard transformed Gibbs energies of formation for these reactants as functions of pH at
ionic strength 0.25 M. The species data also make it possible to calculate apparent equilibrium constants of 23
enzyme-catalyzed reactions as a function of pH, including some that cannot be determined directly because they are
so large.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction tions have often been used. However, the experi-
mentalK’ values can be used to calculate standard

Apparent equilibrium constant’ have been Gibbs energies of f(_)rma_ltiomfG0 at zero ionic
determined for approximately 500 enzyme-cata- strength of the species involved. Then values of

lyzed reactions involving approximately 1000 reac- AG°(/=0) for spgcies calculated from different
tants (sums of specigs [1-6. Since these measurements ok’ can be compared with each

measurements have been made at various temper@ther. The calculation ofAG°(/=0) of species

atures, pHs and ionic strengths, the apparent equi_from measurements on different reactions,not only
librium constants cannot be compared directly with CNecks the consistency of measurement&’obut
each other. When the same reaction has beenMakes it possible to calcylaﬁé for other reactions
studied by different investigators, different condi- that _have. not been stud,|e_d and perhaps cannot be
studied directly becausk¥’ is so large.
*Corresponding author. Tel.#1-617-253-2456; fax:41- It has been_ known for Some time tha,G
617-253-7030. values of species can be obtained fréfnvalues
E-mail address: alberty@mit.eduR.A. Alberty). by calculating the value oK, for a reference

0301-4622/03/$ - see front matt@€r 2003 Elsevier Science B.V. All rights reserved.
doi:10.1016/S0301-4622(02)00390-3



328

reaction written in terms of species. When the
values forA;G°(I=0) are known for all the species
but one in the reference reaction, the value of
A:G°(I=0) for that species can be calculatgq.
When A;G°(I=0) values are not known for two
closely related species(like NAD-! and

R.A. Alberty / Biophysical Chemistry 104 (2003) 327-334

so that expressions for equilibrium constants can
be written in terms of concentrations of reactants.
When a reactant consists of a single species, the
standard transformed Gibbs energy of formation
calculated using Ed2) is referred to as a property
of a reactant.

NADH ~2), one of these species can be assigned When a reactant consists of several species, the

A;G°(I=0)=0 as a convention of the thermody-

standard transformed Gibbs energy of reactast

namic table. These calculations of species proper- calculated using

ties have been given new emphasis by the
introduction of the transformed Gibbs energy

that provides the criterion for spontaneous change

and equilibrium at a specified pH and ionic
strength[8,9]. The transformed Gibbs energy
for a system is defined by the Legendre transform

G'=G—n(HpH+)

=G —n (H){AG°(H+)—RTIn(10)pH} (D
whereG is the Gibbs energy of a reaction system,
n(H) is the amount of hydrogen atoms in the
system, andw(H") is the specified chemical
potential of hydrogen ions. This leads to a new
path for calculatingA;G°(I=0) values for species
from K’ (pH, I).

When the standard Gibbs energies of formation
of the species involved in a reactant are known,
the standard transformed Gibbs energy of forma-
tion A¢G/° of the reactant at a specified pH and
ionic strength can be calculat¢#i0,11. The stan-
dard transformed Gibbs energy of specjest
298.15 K and a specified pH and ionic strength
is calculated using

AGP=AG2+Ny(j)RTIN(10)pH— 2.91482

X[ZZ=Nu(j)[I7?/(1+1.6 17?) (2
where A,G° is the standard Gibbs energy of
formation of the species; is its electric charge,
and Ny()) is the number of hydrogen ions in the
species. The coefficient of the third term has been
calculated using the extended Debye—Huckel
equation. In discussing the thermodynamics of
enzyme-catalyzed reactions, the pH refers tepH
—log[H™"], rather than pkE= —log[y(H*)] [11].
Thermodynamic properties in dilute agueous solu-
tions are taken to be functions of the ionic strength,

Niso
AfGl.,” = —RTIn Z exp(— Aij’,,/RT) ©)

j=1

where Ni;; is the number of species involved in
the reactant(pseudoisomer group The standard
transformed reaction Gibbs energy for an enzyme-
catalyzed reaction can be calculated using

AG°=3v/AG/°= —RTInK’ 4
where the stoichiometric numbers of the reactants
have primes to distinguish them from the stoichi-
ometric numbers of the underlying chemical reac-
tion. This equation can be used to calculate,’©

for reactant from the experimental apparent equi-
librium constantk’ if A;G,”° values are known for
all the other reactants at the specified pH and ionic
strength. Whem\;G,° has been determined for a
reactant, the valuA;G;'® of the most basic species
at that pH and ionic strength can be calculated
using

A:G"°=A¢G,"°— RTIn(1+10PK1—PH
+10PK1 T pK,—2pH+...) (5)

where [K; is the highest g of the reactant in the
pH range consideredusually 5-9, pkK, is the
next highest, etc. The basic data on the species of
a reactant are stored in a matrix of the form

namesp={{AG,°(I=0),A;H,°(I=0),
ZluNHl}{Aszo(I=0),

AHL*(I=0),22,N 112, } (6)

with a row for each species, starting with the most
basic.
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Since the standard transformed Gibbs energiesing CoA and its derivatives in which the standard
of formation of reactants can be calculated from transformed Gibbs energies of formation can be
A:G,° of species, computer programs have been calculated for all the other reactants using
written in Mathematica® [12] to calculate the  BasicBiochemDatad14]. Enzyme Nomenclature
apparent equilibrium constar®’ or A,G° for a [18] has also been surveyed for this type of
biochemical reaction at the desired pH and ionic reaction. This has yielded the 23 reactions listed
strength by simply typing the reaction into the in Table 1.
computer [13]. The data on approximately 200
species and 131 reactants at 298.15 K are in a2. Standard Gibbs energies of formation of the
Mathematica package that is freely available at species of CoA
MathSource[14]. More information on this data
package is available in Refl15], which also At the present time, tha;G°(I=0) for species
provides a number of computer programs. of CoA and related reactants cannot be connected

The calculation ofA;G°(I=0) of the species of  with the elements, and so it is necessary to adopt
a reactant from an apparent equilibrium constant the convention that\;G°(I=0)=0 for the basic
K’ is more complicated than the calculation &5f form of CoA. The value ofA;G°(I=0) for the
from A¢G°(1=0) values for species. Guidance for acidic form of CoA can be calculated from th& p
this process can be obtained from the inverse of the sulfydryl group(pK=8.38 at 298.15 K and
Legendre transform. Callef16] discussed the  zero ionic strength In making these calculations,
Legendre transform to go from a function @f,Y) the electric charges andkp of the groups at the
to a function of (P,¢p) and pointed out that ‘the  other end of the CoA molecule are ignored because
relationship betweefiX,Y) and (P,¢) is symmet-  the reactivity of the sulfydryl group is expected to
rical with its inverse except for a change in sign be quite independent of the acid dissociations
in the equation for the Legendre transform.” The there. Therefore, the data matrix for CoA is given
inverse Legendre transform is the definition of the by
Gibbs energyG in terms of the transformed Gibbs
energyG'. coAsp=[{0, ,—1, { —47.83, ,0}1] (8)

G=G+n(H)pH) @) where the standard Gibbs energy of formation of
the acid form of CoA is in kJ mol* . The number

The understanding of this inverse Legendre of hydrogen atoms in the basic form is arbitrarily

transform has led to writing computer programs in taken to be zero. IMMathematica, the reactant

Mathematica that make it possible to type in an CoA is referred to as coA because names have to

enzyme-catalyzed reaction with its apparent equi- start with lowercase letters.

librium constant at a specified pH and ionic

strength and certain information about the reactant 3. Calculation of the standard Gibbs energy of

in question to obtain the data matrfigee Eq(6)] formation of acetyl-CoA

for the reactant. Programs for doing this when the

reactant consists of two or three species have been CoA and acetyl-CoA are involved in six differ-

published[17], and the program calcGeflsp for ent reactions in Table 1: EC 1.1.1.37, 1.2.1.10,

doing this when the reactant consists of a single 2.3.1.54,4.1.3.2,4.1.3.7 and 6.2.1.1. Some of these

species is given in Appendix A. An advantage of apparent equilibrium constants are very large or

using calcdGelsp, calcGe2sp and calcdGe3sp isvery small and are not readily determined accu-

that the sensitivity of the calculation to the exper- rately, or have been calculated from kinetic para-

imental values ofK’, pH and can be quickly meters. Some of these six reactions were studied

tested. in the early 1950s when it was difficult to obtain
The compilations of Goldberg and Tewdfi— pure reactants. Under these circumstances it seems

6] have been surveyed for data on reactions involv- best to select the best study to obtain the values
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Table 1

Reactions of coenzyme A and experimental apparent equilibrium constants

EC Reaction K pH I/M Ref.
1.1.1.37 Malate- acetyl-CoA+ NAD,, + H,O = citrate+ COA+ NAD 4

1.2.1.10 AcetaldehydeCoA+ NAD,,=acetyl-CoA+ NAD 4

1.2.1.17 glyoxylate- CoA+ NADP,, = oxalyl-CoA+ NADP, 4 73.4 6.90 0.05 21
1.2.1.51 Pyruvaté CoA+ NADP,, =acetyl-CoA+ CO, tot+ NADP, 4

1.2.1.52 Ketoglutarate CoA+NADP,, = succinyl-CoA+ CO, tot+ NADP, 4

1.2.7.1 Pyruvate- CoA + ferredoxin, = acetyl-CoA+ CO, tot+ ferredoXingg

1.8.4.3 glutathiong + CoA= CoA-glutathione- glutathiong.q 1.25 6.82 0.05 23
2.3.1.54 Acetyl-CoAr formate= CoA+ pyruvate

2.3.1.84 Acetyl-CoAr- ethanok= CoA+ ethylacetate

3.1.2.1 Acetyl-CoA-H,O=CoA+ acetate

3.1.23 Succinyl-CoA-H,0= CoA+ succinate

3.1.2.18a Oxalyl-CoA-H,O0=CoA+ oxalate

3.1.2.18b Malyl-CoA-H,O0= CoA+malate

4.1.3.2 Malate- CoA=acetyl-CoA+ H,0+ glyoxalate

4137 Oxaloacetateacetyl-CoA+ H,O = citrate+ CoA

41.4.8 ATP+citrate+ CoA=ADP + P, + acetyl-CoAt+ oxaloacetate

4.1.3.24 malyl-CoAs acetyl-CoA+-glyoxylate 0.0029 7.32 0.05 23
5.4.99.2 methylmalonyl-Co#A succinyl-CoA 18.6 7.42 0.05 22
6.2.1.1 ATP+acetate- CoA=AMP + PR +acetyl-CoA 11.1 6.86 0.25 19
6.2.1.4 GTPR+succinater CoA=succinyl-CoA+ GDP+P, 1.66 7.00 0.25 20
6.2.1.8 ATP+ oxalatet CoA=AMP + PR + oxalyl-CoA

6.2.1.9 ATP+ malatet CoA=ADP + P, + malyl-CoA

6.2.1.13 ATPt+acetate- CoA=ADP+ P, +acetyl-CoA

Note that all EC classes of reactions are represented. Six of these reactions involve CoA and acetyl-CoA, but only one of these
reactions is considered suitable for the calculatiomaf°(acetyl-CoA. Another five reactions for which apparent equilibrium
constants have been determined make it possible to cala\jl@teralues for species of succinyl-CoA, oxalyl-CoA, methylmalonyl—

CoA, malyl-CoA, and CoA—glutathione. These calculations make it possible to calculate apparent equilibrium constants for all 23
reactions at specified pHs in the range 5-9 and ionic strengths in the range 0-0.35 M.

for the species and use them. The study of EC different value from the one in BasicBiochem-
6.2.1.1 by Guynn, Webster and Veefh9] was Data2. In these calculations the effects of temper-
very thorough. Their study shows that the reaction ature and concentrations of divalent cations are
ignored, except that the measurements at the lowest
EC 6.2.1.1 ATP-acetate- CoA concentrations of divalent cations are used.
=AMP + PP+ acetyl-CoA 9
4. Calculation of standard Gibbs energies of
has an apparent equilibrium constait=11.1 at  formation for succinyl-CoA
298.15 K, pH 6.86, and ionic strength 0.25 M.

The program calcdGeflgsee Appendix Avyields The experimental apparent equilibrium constant
has been measured for only one reaction involving
acetylcoAsp={{ —180.36, ,0}3 (10) succinyl-CoA for which the functions of pH and

ionic strength are known for all the other reactants.

This type of calculation can be verified by using
calcdGmat[14] to calculate the function of pH 6.2.1.4 GTP+succinate- CoA
and ionic strength that represemtgG,° at 298.15 =succinyl-CoA+ GDP+P, (1D
K, and then this function can be used to calculate
K’ for the experimental conditions. This re-exam-  This is the sixth reaction in the citric acid cycle.
ination of the data on acetyl-CoA has yielded a Lynn and Guynn[20] obtainedk’=1.66 at pH
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7.00 and 0.25 M ionic strength. It is assumed that
the (X for succinyl-CoA is the same as the lowest
pK for succinic acid at 298.15 K and zero ionic

strength, namely 4.21. Although the reaction was
studied with GTP, the calculations can be made
with ATP. Using calcGef2sp yields

succinylcoAsp={{ —509.72, ~1,34 ,

{—533.76, ,08 (12)

This calculations can be verified by calculating
the X and K’ from the data matrix using the
programs calcpK and calckprime.

5. Calculation of the standard Gibbs energy of
formation for oxalyl—-CoA

The standard Gibbs energy of formation of
oxalyl-CoA can be calculated using the reaction

EC 1.2.1.17 glyoxylate CoOA+NADP,,
=oxalyl-CoA+ NADP,4 13
Qua[21] obtainedk’=73.4 at pH 6.9 and ionic

strength 0.05 M for this reaction. When th&9

of glyoxylate and oxalyl-CoA are both ignored

because they are low, the following species matrix

is obtained:

oxalylcoAsp={{ —509.96, 1,0} (14)

6. Calculation of the standard Gibbs energies
of formation for methylmalonyl—-CoA

The standard Gibbs energies of formation of
methylmalonyl-CoA can be calculated using the
isomerization reaction

EC 5.4.99.2 methylmalonyl-CoA
=succinyl-CoA (15)
Kellermeyer, Allen, Stjernholm and Wood@2]

obtainedK’=18.6 at pH 7.42 and 0.05 M ionic

strength. Assuming the K for methylmalonyl—

CoA is 4.21, the same as for the lowedf for of

succinic acid, the following species matrix is

obtained
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methylmalonylcoAsp-{{ —502.48,_,— 1,4},

{—526.51,_,0,5}  (16)

7. Calculation of the standard Gibbs energies
of formation for malyl-CoA

The standard Gibbs energies of formation of
malyl-CoA can be calculated using the reaction

EC 4.1.3.24 malyl-CoA
=acetyl-CoA+ glyoxylate a7
Hersh[23] obtainedk’=0.0029 at pH 7.32 and
ionic strength 0.05 M. Assuming that theK pof
malyl-CoA is the same as the firsKpf succinic
acid, the following species data are obtained:

malylcoA={{—663.44,_,— 1,4},

{—687.47,_,0,5}} (18

8. Calculations of standard Gibbs energy of
formation for CoA—glutathione

The experimental apparent equilibrium constant
has been measured for only one reaction involving
CoA-—glutathione for which the functions of pH
and ionic strength are known for all the other
reactants.

1.8.4.3 glutathiong+ CoA
=CoA—glutathione- glutathiong.q (19
An apparent equilibrium constant of 1.25 has
been obtained by Chang and Wilk¢a4] at pH
6.82 and 0.05 M ionic strength. The use of
calcGeflsp yields-35.85 kJ mot* .
coAglutathionesp-{{ —35.85, ~1,1%} (20)
Note that the apparent equilibrium constants
used in the calculation of the species of these six
reactants have been in the range of 1-75, except
for one.
The standard Gibbs energies of formation of
species calculated from the studies of these six
reactions are summarized in Table 2.
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Table 2 10. Calculation of apparent equilibrium con-

Standard Gibbs energies of formati@in kJ mol~*) of species stants of other reactions involving CoA and its
at 298.15 K and zero ionic strength

derivatives
Species AGP z Ny(@)
- Table 4 givesK’ at 298.15 K and 0.25 M ionic
CoA 0 -1 0 . .
CoA _4783 0 1 strength for aI_I of the reactions in Tab_lg 1 Many
Acetyl—CoA —180.36 0 3 of these reactions have apparent equilibrium con-
Succinyl-CoA —509.72 -1 4 stants that are so large that it would not be practical
gUCfi?yl:—CAoA *ggg-;g 10 05 to determine them directly in the laboratory. The
Xalyl—-Co — . - i i i i
eimont-cox sy 14 eaclons used or e sernatons of species
Methylmalonyl-CoA —526.51 0 5 . . -
Malyl—CoA~ —663.44 1 4 dependencies. Table 4 gives values at five pH
Malyl-CoA —687.47 0 5 values and 0.25 M ionic strength, but the functions
CoA—glutathione —35.84 -1 15 of pH and ionic strength that can be calculated
* This table is based on the convention tha6°(CoA ™) = using the values in Table 2 can be used to calculate
0 at zero ionic strength ani,(CoA~)=0. K and AN, at any pH in the range 5-9 and any
ionic strength in the range zero to 0.35 M.
Four of the reactions are hydrolysis reactions
that would be expected to have approximately the
9. Standard transformed Gibbs energies of for- same values of apparent equilibrium constants.
mation of CoA and its derivatives as a function Reaction 3.1.2.18a involving oxalyl-CoA is an
of pH exception because it does not have a ,CH —CO—

group or —CHCH3)—CO- group.

The program calcdGmat can be used to convert 11 piscussion
these matrices of species properties to functions of

pH and ionic strength that giva;G" for seven A new way to calculate\;G° values of species
reactants. The values of this property are given in from measurements of apparent equilibrium con-
Table 3 for five pHs and ionic strength 0.25 M. stants has been described and applied to CoA
The data in Table 3 can be used with previously derivatives. Six reactions have been used to cal-
published tables[15] to calculate the apparent culate AG° values of species involved in six
equilibrium constants of all the enzyme—catalyzed derivatives of CoA. These values have been used
reactions in Table 1 at these pHs and ionic strength to calculateA;G'° values for these reactants at pHs

0.25 M. 5, 6, 7, 8 and 9 and ionic strength 0.25 M. These
Table 3

Standard transformed Gibbs energies of formationkd mol~?) at 298.15 K and ionic strength 0.25"M

Reactant pH 5 pH 6 pH 7 pH 8 pH 9

CoA —18.48 —-12.79 —7.26 —-2.82 -1.10
Acetyl-CoA -92.31 —75.19 —58.06 —40.94 —-23.81
Succinyl-CoA —393.34 —370.32 —347.47 —324.64 —301.81
Oxalyl-CoA —-510.77 —-510.77 —-510.77 —-510.77 —-510.77
Methylmalonyl-CoA —386.09 —363.08 —340.23 —317.39 —294.56
Malyl-CoA —547.05 —524.04 —501.19 —478.40 —455.53
CoA—glutathione 403.59 489.21 574.84 660.46 746.08

“ This table is based on the convention tha6°(CoA~)=0 at zero ionic strength ansl,(CoA™)=0.
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Table 4

Calculations of apparent equilibrium constants at 298.15 K and ionic strength 0.25 M

EC Reaction pH 5 pH 6 pH 7 pH 8 pH 9
1.1.1.37 Malate dehydrogenase 0.19 7.2 6127 1.0x10° 5.0x 10"
1.2.1.10  Acetaldehyde dehydrogenase 2.9 29 XAP 1.6x10° 3.2x10°
1.2.1.17 Glyoxylate dehydrogenase 2.8 28 Y216? 1.6x10° 3.1x10°
1.2.1.51 Pyruvate dehydrogenase MM 8.2x10%% 3.9x10°%2 2.1x10* 4.9x10%°
1.2.1.52 Ketoglutarate dehydrogenase XITP®  1.2x10°° 5.6x10°%®  3.1x10% 7.0x10%°
1.2.7.1 Pyruvate synthase X80% 6.4x10°%® 3.0x10°® 1.7x10% 3.8xX10*®
1.84.3 Glutathione—CoA -glutathione transhydrogenase  0.94 0.94 1.0 14 1.9
2.3.1.54 Formate C-acyltransferase 0.011 0.011 0.012 0.019 0.10
2.3.1.84  Alcohol O-acetyl transferase ¥30*  1.3x10*  1.4x10¢ 2.3x10* 1.2x10°
3.1.2.1 Acetyl-CoA hydrolase 2410°  1.7x10°  1.8x10° 2.9x10° 1.5x10%°
3.1.2.3 Succinyl-CoA hydrolase 24100 1.3x10° 1.2x10° 2.0x10° 1.0x10°
3.1.2.18a ADP-dependent short-chain acyl-CoA hydrolase 14 130 X1 2.3x104 1.2x10°
3.1.2.18b ADP-dependent short-chain acyl-CoA hydrolase x8®  6.5x10*° 6.7x10° 1.1x 107 5.6x10°
4132 Malate synthase U7  4.4x10%  4.3x107° 2.6x107° 52x10°'2
4137 Citrate synthase 30 8.5x10° 7.0x107 1.1x10° 5.6x 10*°
41438 ATP citrate lyase 0.16 0.078 0.029 0.014 0.0027
4.1.3.24 Malyl-CoA lyase 0.0027 0.0028 0.0029 0.0029 0.0029
5.4.99.2 Methylmalonyl-CoA mutase 19 19 19 19 19
6.2.1.1 Acetate—CoA ligase 40 13 11 9.8 7.7
6.2.1.4 Succinate—CoA ligase 21 5.2 1.7 0.77 0.15
6.2.1.8 Oxalate—CoA ligase 6K10° 1.7x10° 1.4X10° 1.2x10° 9.7x10*
6.2.1.9 Malate—CoA ligase 60 10 3.1 1.4 0.27
6.2.1.13 Acetate—CoA ligase 24 0.39 0.12 0.053 0.010

In the six papers that were used here as a source of apparent equilibrium constants, none gave measurements over a sufficient
range of pHs to test the pH dependencies shown in the above table; that is, a range of pH that caused a change in the apparent
equilibrium constant that was significant in comparison with the experimental errors.

A¢G'° values can be used to calculatgs’® values large apparent equilibrium constants can be cal-
for reactions involving these reactants at these culated by use of matrices of species data from
pHs, but, more importantly, the species properties other reactions.
can be used to calculateG'’® values at any desired
pH in the range 5-9 and ionic strengths from zero Acknowledgments
to 0.35 M. As an examplek’ has been calculated
for all 23 reactions in Table 1 at pHs 5, 6, 7, 8 | am indebted to Dr Robert N. GoldbetiyIST)
and 9 and 0.25 M ionic strength. The fact that the for many helpful discussions. | am indebted to
apparent equilibrium consents for the hydrolysis NIH for support of this research by award number
reactiong3.1.2.1, 3.1.2.3, 3.1.2.18a and 3.1.2.18b 5-R01-GM48358-07.
are as close as they are indicates that hydrolysis
constants can be estimated for a very large numberAppendix A:
of hydrolysis reactions not shown in this table.

Computer programs based on the inverse Legen- calcGeflspequat , pHc_, ionstr_, zl1_,
dre transform make it possible to calculate nH1_]:=Modul€el{energy, trGereactant
A:G°(I=0) values of species frork’ in one step. [*This program uses 2\(Nuw)i\(Capital-
The changes in binding of hydrogen ions in these Delta)fGi’°= —RTInK’' to calculate the standard
reactions are also readily calculated. Gibbs energy of formation of the species of a

It is important to recognize that large apparent reactant that does not have & j the range 4—
equilibrium constants cannot be determined accu- 10. The equation is of the form pyruvatetp-x-
rately because of experimental errors. However, adp= = —8.31451*.29815*LogK’), where K is
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the apparent equilibrium constant at 298.15 K,

pHc, and ionic strength is. The reactant has charge
number z1 and hydrogen atom number nH1. The
output is the species vector without the standard
enthalpy of formation.}

energy=Solvelequat,x)/.pH — > pHc/. is — >
ionstr;

trGereactantenergy1,1,2);
gefl=trGereactant-
nH1*8.31451*0.29815*LofL0]*pHc +
(2.914821z1” 2-nH)*ionstr* 0.5/
(1+1.6*ionstr 0.9;

{gefl, _, z1, nH}]
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