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1. Introduction to HYDROPRO

HYDROPRO computes the hydrodynamic properties of rigid macromolecules (globular
proteins, smal nuclec acids, eic) from their atomic-level dructure, as specified by the
atomic coordinates taken from a PDB file supplied by the user, from which the proper
hydrodynamic modd is built by the program itsdf. The HYDROPRO cdculaion
comprisess was the badc hydrodynamic properties trandationa diffuson coefficient,
sedimentation coefficient, intringc viscogty, and relaxation times, dong with the radius
of gyraion. Optiondly, HYDROPRO computes aso other solution properties such as
the covolume (related to the second virid coefficient) and scattering related properties
such as the digribution of intramolecular distances and the distribution of distances.
Beware that we have another smilar progran — HYDRONMR — for the more specific
purpose of cdculaing quantities rdlevant in NMR relaxation.

2. Literature

The primary reference for HY DROPRO is.

J GarciadelaTorre, M.L. Huertas and B. Carrasco, “ Caculation of hydrodynamic
properties of globular proteins from their atomic-leve structure. Biophys. J. 78,
719-730 (2000)

If you employ scattering related properties (distribution of distances, longest distance,
scattering function), or the covolume, then the you may aso cite the reference where
these cal culations are described:

J GarciadelaTorre, B. Carrasco and S. E. Harding, “ Calculation of NMR
relaxation, covolume and scattering-related properties of bead models using the
SOLPRO computer program”, Eur. Biophy. J., 28, 119-132" (1999).

Further examples of application of HY DROPRO are available for proteins:



J. GarciadelaTorre, ”Hydration from hydrodynamics. Genera considerations and
goplications of bead moddling to globular proteins’ Biophys. Chem. 93, 159-170
(2001)

and for smdl nucleic acids:

M.X. Fernandes, A. Ortega, M.C. Lépez Martinezy J. GarciadelaTorre.
“Cdculation of hydrodynamic properties of smdl nucleic acids from their atomic
gructures’ . Nucleic Acids Research, 30, 1782-1788 (2002).

If you wish to cite dso the theoretical work on which the bead modeling procedureis
based, aproper citeisour 1981 review in Quarterly Reviews of Biophysics. In our 1999

paper in Biophysical Journal, you can find an update of the theory, and a discussion on
bead and shell modeling methodologies:

J GarciadelaTorreand V.A. Bloomfield, “Hydrodynamic properties of complex,
rigid, biological macromolecules. Theory and applications’. Q. Rev. Biophy., 14,
81-139 (1981)

B. Carrasco and J. Garciade laTorre, “Hydrodynamic properties of rigid particles.
Comparison of different modeling and computationd strategies’. Biophys. J. 76,
3044-3057 (1999).

3. Running HYDROPRO. Input data files

Asindl the HYDRO family of programs, you will have to supply two input detafiles:
(8 the main input data file, which will specify primary data such as temperature, solvent
dengty, etc.; and (b) astructurd datafile, which will contain the information about the
structure or geometry of the macromolecule or particle that you are consdering. In the
case of HY DROPRO, the structurd fileis just the PDB file containing the atcomic
coordinates. The name of the structurd file will be one of the dataiin the main input
data file. The name of the main input datafile for HY DROPRO will be

hydr opr o. dat, anditwill contain the following lines

3.a Firg part of theinput file.

Bascdly this part provides the information on the structure of the macromolecule. It
contains the following lines (the FORTRAN types are specified):

TITLE( cCHARACTER* 20) Title of the cdculation

FILENAME ( CHARACTER* 30) Nameto be used for the various output files
corresponding to each subcase in a many-cases execution. The variousfiles
produced will have namesof theform f i | ename. XXX, where xxx is an extensgon

depending on thefile type (see section 4 below). This name would eventualy
include the path for thefiles.



INPUT ( CHARACTER*30) Name of the PDB file with the atomic coordinates,
eventudly induding its path.

Effective radius (angstroms) of the atomic eements[a], [b]

HY DROPRO employs the shell-modd methodology. The primary hydrodynamic
mode is not used in the hydrodynamic caculations. Insteed, a shell mode , composed
of ‘minibeads of radius Sgmais derived from it, and extrapolation to the shell moddl
limit of sgma=0 is carried out. For this purpose, the following information hasto be
supplied next in the main input detafile

NSIG (1 NTEGER) Number of vaues of the radius of the minibead. It must be greater
than 2 (typicdly 5to 8). Theradius will range from SIGMIN to SSGMAX. Thereis
a0 the posshility of letting of the program the task of estimating the two extreme
values of 3gma; thiswill beindicated giving the value —1 for NSIG, and in this case
you will omit the two following lines with the values of SSIGMIN and SSIGMAX.

SIGMIN (REAL) Lowest vaue of sgma, the minibead radius

SIGMAX (REAL) Highest vdue of Sgma, the minibead radius
The smdler the Sze of the minibeads, the larger the number of them needed to cover the
surface of the particle. The present version of the program works with a maximum of
2000 minibeads. If SIGMIN istoo smdl, an error message will be obtained and the
program will stop. The value of SIGMAX should be taken such that the number of
minibeads is not too small, say in the range 200-400.
3.b. Second part of theinput file.

This part provides information on some basic properties of macromolecule and solvent.
It contains the following lines:

T (REAL) Temperature, Kelvin

ETA (REAL) Solvent viscosty, poises

RM (REAL) Molecular weight . [c].Alterndtively you may givethevdue - 1., and
then the program will caculate the molecular weight from the sequence taken from
the PDB file.

VBAR (REAL) Partid specific volume, cnt/g [c] Alternatively you may give the
vaue- 1. and then program will caculate the specific volume from the sequence
taken from the PDB file,

RHO (REAL) Solution (approx. Solvent) density, g/cn?



3.C. Third part of theinput file.

This part isintended for the caculation of some non-hydrodynamic propertiesthat, in
previous versons of our software, were considered separately in the computer program
SOLPRO. These properties are the scattering form factor (Debye expression), the
digtribution of intramolecular distances, and the covolume, and are calculated from the
coordinates of the spheres.

For PDB structures, the coordinates are taken from the .pdb file, i.e, taken from the
primary hydrodynamic modd (PHM).

The data that you have to supply are:

NH( 1 NTEGER) , the number of vaues of the scattering (angular) variable, h. If you
wish to omit the scattering cadculation, the vaue given here should be O, and the
fallowing ling(HMAX) is omitted.

HMAX ( REAL) , the largest value of h (cmit), so that the scattering variable will
range from 0 to HMAX

NS( I NTEGER) , the number of intervas for the distribution of disances. The vaues
of the intramolecular distances will be varied between 0 and the longest distance,
which is determined by the program. If you wish to omit the caculation of the
didtribution of distances, the value given here should be O, and the following line
(RMAX) isomitted.

RMAX ( REAL) , the maximum length for the calculation of the distribution of
distances (in cm). If you give any negetive vaue, it is understood that RMAX will
be the longest distance in the modd, which is caculated by the program. The vaue
will be given in the same units as the coordinates and dimensons in the sructurdl
file

NTRIALS (1 NTEGER) isthe number of trids or MonteCarlo movesin the
cdculaion of the covolume. Set thisvadueto O if you wish to omit the covolume
cdculation. Recdl that this caculaion is very time-consuming, and must be
restricted to models with not too bead- shell mode with no too many beads).

The most important quantities related to trandationa and rotationd diffuson arethe
trandationd and rotationd diffusion coefficients and the rotationa relaxation times.
The program will give you these quantities. For some specia purposes you may aso
want the full 6x6 diffuson tensor, which contains the 3x3 trandationd diffusion tensor,
rotational diffusion tensor, and the trandation-rotation coupling tensor, as well asthe
center of diffuson.



IDIF isaflag that indicates (if IDIF is 1) that you wish adetailed report of the
diffusvity of the particle, including the full (anisotropic) trandationd, rotationa
and coupling tensor, and the position of the hydrodynamic (diffusion) center.

3.D. End of calculation or next case
Next or find line: If this caseisthe only or the final one, in the next line you will
put an asterisk followed by 19 spaces.

4. Output files

Severd files are produced at execution time. There will be a set of filesfor each case
induded in asingle run. All these files will have a common name, given by the
filename specified for each casein theinput file, and a different extenson. The
extensions correspond to:

.res Output file containing the mains results, with the name specified in the
input file
-pri . bea isapdb-formatted file representing the primary hydrodynamic modd,
that can be viewed with RASMOL
-pri.vrm isaVRML-formatted file containing the coordinates of primary
hydrodynamic modd, that can be viewed with aVRML viewer, like Cortona(for
models with only subunits, without additional spheres). See our separate
VisuadBeads user Guide.
.sol isan ASCII file containing data needed if you wish to run the separate
program SOLPRO

Other filesare:

sumary. t xt isanumeric archive containing aline for each casein the calculation.

(& If there was no distance digtribution calculation and no scattering cdculation, this
file has 13 columns containing (1) first 10 characters of title; (2) trandationd
diffuson coefficent; (3) radius of gyration; (4) volume; (5-9) thefive rdaxation
times; (10) intringc viscogity; (11) sedimentation coefficient; (12) longest distance;
(13) covolume. (b) If there was ether distance distribution

(b) If there was scattering function caculation, P(h), with anumber of vaues NH, with
NH not greater than 100, then the above columns will be followed by NH+2
columns containing NH, HMAX, and the vaues of the digtribution function
corresponding to the NS intervals (centered at h=[i+0.5]HMAX/NH

(c) If there was distance cdculation p(r), with a number of values NS, with NS not
greater than 101, then the above columns will be followed by NS+2 columns
containing NS, RMAX, and the values of the digtribution function corresponding to
the NSintervals (centered at ri=[i+0.5]RMAX/NS

5. Hints and notes.

[a] From our experience with alarge set of globular proteins, avalue of 3.2 Angstroms
is recommended. The experience with nucleic acidsis not so extensive, and gives a



dightly smdl vaue, about 2.8 Angstroms. An intermediate value, say 3.0 Angstroms
may be recommended for nucleoprotein complexes.

[b] The program will take into account al non-hydrogen atoms contained in the ATOM
records of the PDB file, including norprotein atoms (HETATM records) except
water oxigens.

[c] This posshilities are only vdid for protein (not nucleic acid) genuine PDB files.
When the molecular weight, M, and/or the partial specific volume, vbar, are not given
by the user, the program will read the aminoacid sequence from the SEQRES recordsin
the PDB file, from which it may evauate one of both of these quantities. If SEQRES
records are not available, the program will estimate M=14* (number of non-H atoms)
and vbar=0.7 cn®/g. The calculated sedimentation coefficient is proportional to M(1-
rho*vbar), and the calculated intrinsic viscosity is proportional to M. Y ou can use these
proportiondities if you later wish to recal culate those properties with other M and vbar.
Trandationd and rotationd diffusion quantities and relaxation times do not depend on

M and vbar.

| MPORTANT: Please read the HydroFAQs, frequently asked questions on the
HYDRO programs for further information.

6. Release notes

This is the third released verson of HY DROPRO (the second one was Verson
5b, October 2003). The main changesin thisverson are:

The number of atomsin the atomic mode may be up to 1 000 000 (it was 300 000)
in the previous verson

Cdculation of non-hydrodynamic properties: radius of gyration and volume of the
model, scattering function, distribution of distances and covolume

Filesummary. t xt contains the results for the distance distribution and the scattering
function.

The method known as “ estimated extrgpolation” (NSIG=1) that was implemented in
the previous version is under reconsideration, and has been removed in this version.

Visudization of the modd in the VRML format

This program has been developed in a Windows PC. The MS DOS/Windows executable
can be garted from Windows, but we advise to open aM S DOS session in awindow for
program execution, while doing the other tasks (editing, visudization, etc) asusudly in
Windows. Executables for other platforms will be eventudly available from our web

gte.



