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[fthe data has been loaded before, Sedfit recognizes this and
asks if the user wants to use the same parameters as the previous
atalysis (medfit had autormati cally saved this infonmation ina
terporary parameters file “troppars ip27 located with the raw
data.
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Select PARAMETERS and input starting guesses
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Here we are going to model the experimental data with simulated curves for 50 s-
values between 0.5 and 20S.

Ve will float the frictional ratio Fit for Tl and Rl noise and Float the meniscus
HIT OK




Perform a RUN which optimizes the linear parameters. ............ Then FIT
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B SEDIMENTATION ANALYSIS > C:\Sedfit workshop\MKI\00400.1PZ... ==X
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| coefficient, and species Concentration of 50 kDa, 4.0 5, and 0.5 finge units of concentration, respectively.

v ATITOTS]

Mcniscus = 6.003900
Bottomn = ?:.1 34600

Tt rrfriea—_ f

Baselﬁmj I].I]I]I?I]I]‘V
Runs test .E [#stllidcv] =0.00
whar = 0.7300 [fix]

n —

Chzerve where the default menizcus and bottom of the cell are initially set. i
| We'll need to relocate them.

= ——— = T —
- mqﬁ_%q&':b‘ﬁmgﬁ'ﬁrﬁﬂmq-'*'-'-"--'-'-—'v-'--—' T
e S
| L i g e AP ey W] s ; v
T T T T T T T T T T T T
] i 5 T

mh
=5
'
¥ 1 i i i 1 i i i 1 i i .
i 1 -
4] -
E H -
g, b
‘E :I: Hlll r
u ol '
] H] r
:I: J‘f. C
] T e = Mo o1 T, 37 = = —rar—' i — o g B S P s s :Er‘;-gl_-_--_f__-___.-__‘_:o.-..i':‘i\':}l -
|]E sy --_:--._,-.._---- P — T i I E
1 - ——- e T R e R Ty e T —— EE————— L
] — — e e S . e T RO e r
1] i i L g T e S e e me T e e e L e o e e . -




Fitting optimized all parameters. Then subtract the calculated Rl and Ti
noise.
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Assess the quality of the fit! Notice root mean square deviation (rmsd) >0.010

Compare to the Is-g*(s) model, and the Non-interacting discrete species model,

Notice the heterogeneity of the sample revealed by the c(s) distribution.
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-'.’ SEDIMERNTATICN ANALYSIS -= C:\Sadfit works ho p\HERVOO400_ 1P 2.
enerabe 3tatistics  Motes  Cphons

Data Copy  Cisplay  Model Farameters  Run s
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1

g2, 1ep H3 qridsize =500 —

rmsd=0, I]13|31E[n I[lE?I][LSSH 14. 503?25] -

fitting E.1Ig1|1 -?.nsqa:
Baseline = 0,000000

1 After Selecting FIT (and letting it t:l:umrarge} ewvaluate the quality of the fit.

Thermead iz ahout 136 mullifringes, there are systematic offsets in the residuals,
the hitmap displays dark colored diagonal lines, and the simulated curves can be
| seen to deviate signi ficantly in the upper panel.

' This model does not describe the data wwell.
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Interestingly, one cat obserwe how the slope of the boundanes in the raw data are
more broad than the steeper step finctions attempting to model it. It can be seen
that we need to include diffusional broadening of the boundary in our modgl.
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Again, we can zoomm it on different areas of the data to get a better picture of
where the simulated curves deviate from the raw data.

Click-and-drag the right mouse button around the area that you want to expand.
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Display the peak MWV either from the top menu or by hitting “control M”
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Copy and paste the final ¢S with MV displayed into Power Point to save
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Location of this MW displayed.
Peak information window opens. Copy and paste to ppt.

SEDIMENTATION AMALYSIS - = sedfitworkshop' data’s NKR L\ 0DD400.IP2... = II:IlEl
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e BT L =

s = 4.6805, swi20,w) = 4.7025

(c =0.7263, 77.590% of tatal)

with best-Fit friction ratio — 1.614: Mw — 965290 Da

(based on vbar = 0.730, wbhar20 = 0,730, heedration = 0,300, buffer density = 1.00000, rel, viscosity = 1,00007%

: minimum M {Ffor compact sphere) = 47021 Da
e Stokes Radius (Z0C) = 4.20 nm, aj/bfoblate)=g.99, ajbiprolate)=5.07
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= [ Beotom |?.1912
. confidence level [Fratia] (g 95000
: LR

ol oo wad [

Try the following:

Zoomin the distribution range from 10-20 S (with dragging a rectangle with the right mouse button) —there's not
much material out there.

Yol can further refine the fit by selecting smax = 1%, and resolution = 100

Do a RUMN —you'll see a smoother distribution.

Then,

Since the distribution goes up at s-min, test what decreasing the lower limit s-min does (for example, set s-min =
0.2). One of the two should be expected: a) a new peak appears and ¢(s) goes down at the new s-min, and rmsd
gets slightly better: b) o(s) goes up further at s-min. YWhat that means is that s-min is low enough to describe all
possible sedimentation at the lower end, and is correlated with the baseline (baseline = no sedimentation). Thisis
no problem. In this case, you can simply ignore this partial peak at s-min, and you can Zoom into the rest of the
distribution to see that better. The option b) is what happens here.




B SEDIMEMTATIONM AMALYSIS -» C:\Sedfit wio rkshoep\MERLWODA00. 1P2. ..
Cakz Copy Displey QRES=Z

fitting files DOONE
54, step HI'II .I' gri
rmsd=0.0045%6

il

frict ratio = 1.60%

M=

e ni:qc:u 5=
Bottom = I'JI'.I1 946
fitting 6.1 !IEIII] -7.
Baseline = 0.000

o

wvbar = 0.7300 [fi

friinges
&8 sos
==

==

Auns tt:s"t

B e S b

Parameb=s PFun Fi

Gererzke  Skzbibics  Mokas  Opbions Halm

fan-Inceracking Discrete Species

Self-accodation Modsls

Monides Sedim=rkation

Canbinuaus oM Diskricuban
Canbinuous oMY with ocher priar knoededge k

610 w Zontinuous ofz) Distribukion
i anbinuaus ofs) wich ather prior koowlsdge L3

Cantinuous o=, )

Canbnuaus oiE, FAD) wikh L discrebs companent

|==4(s)
wean Holde - Weischet

le-g¥{e) with 1 discrece Lamm Eq. componant . . : : : . . ; : - - -
extrapolabe area fractions of k-ghs) we 1fsoptiime)

analytical Fore Cerbrifugstion

Crynamic Lighk Scatbzring

AT

Jther Geomethes

Special

£ i

! : With the of5) fit still open, change the model to a Continaous of WD Distribution.

Thisz, fimction will usethe sedimention coeficient distribution and a weight-average
frictional ratio to transform the o ) distribution into a molar mass distobuation®.

=It iz important to remember that the molar mass distribotion obtained by conversion of the
o ) dizstnbution uzes a weight-average frictional mtio. Therefore, the accuracy of the
retumed molar mass walueis affected by heterogeneity in fifo. [Significant heterogeneity in
fifo 1z notindicated in the present case, since the material seditnents in one main peak, 20
that most of the contributions to the weight-average £ walue comes from the main peals).

T T T T T T T T T T T
3 n L3 an
sed poeffirient [3]




é[DIMEHTﬁTI[H AHALYSIS -= C\Sedfil wiorkshop\HKRWOG400. P2

Shebsbics Minte

Caks  Copy Tispley Mndel  Paramet=s  Rin Fi

may need b recaloilate before iIntegrabng dstmbution dara
oL L
ey | & message appears informing the user to perform a RUN before integrating the o)
E distnbution
.4
TE
0. g
% 1] é
043
0.3 é
0.1
1]
l] . T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
a 100004 20000 200000 400000 00000 #0000 FO0000 annnog
mrolar mass [Da]




E SEDIAENTATION AHALYSIS -= C:ASedfit workshop\NKRIWDO400.1P2. .
Caks Copy Displey  Model Paramebsrs BEGW Fii  Genersb=  Skskzkics  Motes  Options Help

M Continuous Molar Moss Distrib ution

resoiubion IE‘]-':':'I':I et s sk liu.?auuu
M min Ig]u —
bulfer derity [1 o0
Pl iz ECoo0oi
3 bulfer sizcasity [Foks| 00700z

[w Frictional rafic  |[1.54970

[w Barzim |u 00000

[w Fit Al Moize Iv Fi Time |ndepercent Noise

Tolseance |1 000 I# chiscu.lE'll:IEE
Giid Size (g I~ Botbam !F.'IEH-E Cancel I
confidence level (Fratiol ||155|:||:||:|

[
I Input starting parameters specifically, B mdniroum and B mazioom,
leave the other parameters az uzed for the of=)

fringes
o= oood

After parameters are entered, performa BN

i
rT T TT TTTTT TTTT T T T T T TTTT

/

T
a0aan

T T
S00og 150000
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B SEDIMENTATION AHALYSIS - C-\Sedfit warkshop\HKR\00400.1P2.
=iy Ei

Treret=  Slhebebis - Poles Ocofons

sedimerkation cosfficienk #32 (42.0935] i= sxceeding mazimum obserrable s-vales (42.1665)

for giwen rakor speed, tme of first scan, and outer data limie
load aatisr scans or reducs mexinel Sza of spades

Thiz tessage appears because the masdrm Mass of the ftting litndt |
(500,000 Draltons) iz too large to be desciibed by the data. Therefore,
the uszer needs to lower the masimuom W fitting Lt

T T
2000000 4onggon

T
000000




E SEDIMEMTATION AMALYSIS = C:\Sedfit workshop\MERAM0400

il Lopy lsplay - Model ~ Paramebers Aun - FE Generda Stabebcs: Motes Options

M Continuous Molar Mass Distribution

rezolution IE"E”:':':':':I

M min 00, 00000
M T
v Frictiomal rafic |‘I.54EI?EI

bt dersibs

partizl spec, wakme | 073000
buffe 1 wizcaaity [Paizs] [ 007002

1.00000

[+ Bazeim

II:l 0000

[ FiAlMoize W Fi Time Indspsodent Moise

Tolsrance |1_|:||:||:| ¥ Merizeu: IE'IEIEE
Gnd Size |5|:||:| [ Boitom !?1315
confidence lewel (Fratio] 95000

Cancel
K.

9 Anupper mass ftting limit of 300,000 Daltons is entered.

LGl

T
20000

molar mass [Ta]

T
o0

T
2000000




B SEDIMENTATION AMALYSIS -= C:
etz Copy Displey Modsl Paramebses Bn Fii Senarshe  Stsbistics  Motes  Ootions

fitting files 00005.1P2 10 00400.1P2

dfit wo rkshop\NMERAODA00LIPL. ..

36k, step H]l], gridsize = 500

M =
frict ratio = 1.5449700

Mcniscus = 6.105600
Bottom = 7.194600  / /
filtingEJIIIEIII]-T.'I?gl
Baseline = 0.000000

-

T
o

e

rmsd=0,004279 [n=107920,SSR=1.976283),

frinzes

0l

EENILE

Jels

cih)

Ja-0d

le-i

I
2000y




E SEDIMEN TATIOM AMALY 515 -= C:\Sedht wo rkshop\MERVODA00.1PL. ..
Cakz Copy Displey Model Paramebses RPun Fii Genarsbe Skskiskics  Maotes

ek w*rho
Inhomogensous Sokent
Laading Options
y 3 - : Fitbing Splions

Etransform s-disioutbion to r-distrizubian

a ] o Calculsbor

Eitmaps Fegulereshaon by 2nd derivatee

v Regulzrzation by Max Erk

Inkes o
transfrom differsrkial bo incegral distribucion

[T
% ml Any area of the distribution can be integrated to obtain average
£ o molecular weights fior species in the distnbution.

-0

To integrate the area under a curve, select OPTIONE - Size-

Dustnbution Options — Integrate Distribution (or press Contol+T T
da.0 - -
Je-0 : -—
% s
le-ni : -—
e —-_— - L . - 7
0000 100200 L5000 ahbong 150000




B SEDIMENTATION AMALYSIS -» C:\Sedfit workshop\MKRVO400.1P2

saks Cop ispley Modsl Parameb=s Bun Fb  Generats Sksbsbes Plotes Ootions “alp

SELECT IMTEGRATION RAMGE

sais ] Thiz message appears telling the user to click-and-drag a hox around E
1 thearea of interest (using the fight mouse button) B
Je0g ] E
% ] :
Te-0i : -—
o -—_— e e ——— . -7

20000 100000 LiQooa 20000y 150000
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=
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N
e
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-
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=
=T
z
=
=
=
bl

Halp

Cotions

Fun  Fic  Genarsbe  Skskiskics  Motes

Dbz Copy Displey  Model  Paramebzrs

A0000g 2150000

Liqooo

miolar mass [Ta]

116005.133
n.000




E SEDIMEHTATION AMALYSIS = C:\Seddfit workshop \MIKRA0400.1

Daks Copy Displey Model Paramebers Bun Fi

.03
n.nj
nnj

4001
4001

fiinzes

INTEGRATE 1

[ntegral From 75275251562 to 116005, 1322312

Loadng Concentrabion [Fional] = 0, POE06a (65, 077 vhof botal
Ineight (Signal) Average = 91574, F10=E8
Std, devizkian[as sqrb{second central momenk)] = £509,187 {best done without regdarization)

sais ] hazamolar maszs of 91.6 kDa, Motice the “5td. deviation” value of
1 G908 Dra. This walue i3 not the precision of the molar mass parameter,
| bt rather a measure of the width ofthe distibution. The width of the
i distribution can be affected by the regularization processs, the micro
g 1 heterogeneity of the satmple, as well as the signal-to-nose ratio.
= :m.l]jg
]e-lZIjE
Ll i T T T T T T T T T T T T T — T T T T T
20000 100000 L3000 a0 150000




E SEDTREM TR TIOM AMALYSIS = C: Seditt works hop IMERVIO400. 1P 2. ..
Datz Copy Displey By=:N Pzramakers Fun

fitting files OOO0F
s, step ¥0, grid

Ft Generabe  Statishics  Motes  Opbions Help

Mon-Inkeracting Dieorete Species

Self-Assaciation Madels

Monidzsl Sedimentabon

Continuoas ofM| Cistrbution

s min = 0500000 -~ . M) with ckher priar knowledoe b

Continuous i) Distribution

Meniscus = 6.10 -
= n Continuos cfs) wikh other prioe knowladge LN

Bottomn = 7.1 346

Wi _ _ -

fiting 6.1190 - 7 EEEUIEE )

Baselinﬁ:l; II].I][I | Cantinuos cis, fF0) with 1 discrete component
1 E IS'D*(S:I

wan Halde - ‘Weksche:
ls-ct{<) wikch 1 discrete Lamm EQ. comporent
exbrapdlate avea fractione of ls-oM() we [lsqritime])

Auns tEs}l [¥ste
whar = 0.7300 [fi

&nabdtical Zone Centrfugation

Dwnamic Light Scatbering

ther aEomethes

& Special
LI ! LI | ! LI LI ! LI} ! LI ! LI | LI —T LI ! LI I LI ! LI | LI ! LI | LI LI LI LI
6.2 &3 LR L R LA [-R LR 7

10 Under cettain croumstances, it can be advantageous to obtain malar  F
. tnass estitnates for species in a heterogene ous sample without making _
the assumption of a weight average fictional ratio. The model :
14 “Continuous o s, o) will model the experimental data witha two- |
ELEE dirnensional distnbution of Sedimentation coefficients and fictional |
‘g'u_ matio’s. Inthis manner, individual species in the of ) distibutionare  F
allowed to have a different frictional ratio walue.
"3 Try this with the NKE data. Change from the Continuous of5) to the [
021 Continuous ofs,ffo) Distribution using the MODEL drop-down mems. ||

1.1+

T T T T T T T T T T T
5 10 15 20
sed coeffhirient 5]




Modsl |

i (o ey W
Parameta R il

resolution ¢
3 TN
£ Nas

iegalution tF0

FA0 rain
FAD rnay

I¥ Bacelim

M Continuous cfs i)

Giid Size  [g0Q

confidence level [Forafiol ||:|_E|5|:|IJIZI

E
fosore

10, 00000
0. 0000

joooe

¥ Fi:FAlHoize I¥ Fi Time |ndepsndent M oize

I# Menizcu: {51060
I Bolbom  [7194E

paria spec. walumes |D-?3I|U

busfier densty 1.00000
bufer vizccsity [Paize| EI:I.EHIIIE
[~ = id from file

[ logspaced = gid

T
plo e-M
plck =-F
plat =0

— g

plat b4 £F0

Canzl

2dea [1.00000

0.8
0.7
1.6

0.5

e

0.4
034
1.2

1.1

Input fitting parameters:
Here we are fitting the experimental data wath 50 S-walues between 0.5 and 103, and 10
fctional ratio walues between 1.1 and 2.1

T T T T T T T T T T T
10 15 @
sed eoefficiant [3]




E SEDIMEH TATIOM AHALY
Caks  Copy Displsy  Model  Paramebsrs

it wo rkshop\HKRIDO400_ P2 _
Run B Eenerst=  Skebiskics Motes

fitting files D0005.1P2Z 4

Motice the improvement in the rmed.

Cptions

57, step #1. gridsize 5
mad=0.004174 07 103120,SSA=1.796650) e reeiion
fill min = -] Il]l]l], 0 max = 2'.] l]Pl]Dl]t nﬂ’[lf 1DPﬂPﬂEIﬂ
s min = 0.500000. 5 max = 10.000 [II!‘[I. #s-valucs = 5

Meniscus = 6106000
Bottom = 7.104500
fitting 6.1 I:!l:l] _7.0773 7
Baseline = 0000000 -

Aftera FIT, a figurelike thiz iz generated. The colored squares represent the signal
intensity ata specific 2. ffo postion in the 2-dimensional distribution (red = high intensity,
grey = lowintensity).

Theblack curve represents the oz, *) distibution, which really is just a depiction ofthe

two-ditnens onal

oz, ffoy distnibution collapsed into the ofs) dimension.

fringes

Motice, we set a resolution in £ffo of 10

]—

o -

=]

=

£ 0.4

=

=]
| u
v =

Therefore, for each S-walue between 055
and 105 (our fithing range in 3) there are
10 £ffo walues (1.1 to 2.1) for modeling

the data.

cod coaffireet 5]




B SEDIMENTATION ANALYSIS -> C:\Sedfit wo rkshop A EHAO0H

Cakz Copy Displey Model Paramebses Pn Fik Genarsbe Sksbiskics  Motas
-— | Sk wFrho

fitting files I]I][Ip 5.-IF'E 1o I][HI[II],IF"E o Inhomogensous Sobent
32, step H'II.I g|r|d3|ze =500 Loering Cptiones

rmed=0.004174 [n=10H ZD,SSR=I.?HBE[I il Sk

i min = 1.100000. 0l max = 2100000, n#f0 = 10.000000

g min = 0,.5%00000, ¢ max = 10000000, ¥s~alues = 50
_.f Fl F .-"/z.. ,.r"'#

Fitbing ©plions

transform s-dstricutbion to r-distribubion

Mcniscus = 6.106000
Bottom = 7.134600

Fegulerzshon by 2nd derivatie
v Regulzrization by Max Erk

Runs tcsnt_g {i‘-stdd cv

whar = 0.7300 [fix

003
0.0l
nnj

001 57
003

frinzes

o) and o aff)

Integrate the area under the major pealk r
to get the sizeand shapeinfonmation "

sed poeffirient [5]
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determing the range by draming a rectangls whils the right mos= botton is down
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B2 SEDIMEMTATION AMALYSIS -= C:\Sedtit wiorkshop\NERAOOA00LIPL. ..

Cakz  Copy Displey Model  Paramebees

Pun  Fii  Genarsbs  Skskiskics  RMotas  Oodions

5291 1

INTEGRATE DISTRIBUTION

tegral from 4030633 ko 5,250

Loading Concertration [Signal] = 0.71

wielght (signal) Average s = 4679464

Craverages M = BB375, 062500

Z (Signal) Lverage M = 93360 445312

gnal] Average Rs = 4, 750516

o qebicaser Cantral moment)] ds = 0,241 (best done without regularization)

Sk desiarion[as sopb{second canbral mament)] dV = 23774294

3td. desdation[as sgrtisecand central momenty] 0 = 1,140

{7361 4%0f tota)

00z
0.0l
nnl

A0
0.0l

fiinges

ol
H O Upon integrating, a hos opens with information
] regarding the integrated peals ie loading
- concentration, seditnentation coefficent, molar
g 24 triass, and Stokes radius
| m N /
F Lo

sed poeffirient [5]




E SEDIMEM TATIOM AMALY SIS -= C:\VSedht workshop \MERVOA00. 1P, .. |
Dakz Copy Displey BRls=N Paramebzes Pun Fii Genarsbe  Skekisbics Motes  Opftions Halm
Man-Inceracting Discrete Speces

1 L Self-aseociation Modes F L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L

1 Monidesl J=dimerkation

Cankinuous oM Distrizubian
Conkinuous ofM) with other prior knordedge k

=z izantinuous o) Distribution
_E icankinuaus o5 wich atbar prior browlsdge L

w Conbnuous oz, FRO)

. FFOY wikh L discrebs co

I=-g*(s)

wan Holde - Weischet

le~g¥{<) wiith 1 discrete Lamm Eq. © o=k
extrapolabe area fractions of k-g we 1 fecreiime)

Analyticd Pore En:rh'i:ugd:i:rl/ k
Cwnamic Lichk Scatbering / k
There appears to be a slow sedimenting

g EE:]} species at the low end of the o2, *) and
E] 4:.-:3' oz ffo) distnbutions. This iz most likely
0.0 buffer saltz and can bemodeled separately

fromthe other species inthe cell by
| incduding a Discrete Component in the
analysis,

o) and oaft]

sed poeffirient [3]




!."'-E-EIJIM EMTATION AHALYSIS -= C:\Sedfit workshop\MERVO400.0P2...

Daks Copy Displey Model Paramebers Bun Fi Generska Skabstos Motes  Ooeions

B Continuous cfs) with 1 discrete species

rz-:llziuhun 3 parid zpac. valume 073000
& min CL 50000
hufer dersity L

£ max o 99925
buffer viscazity [Poizz] |0.01002
resalufion B4 0. 00000

A0 i 1000 [~ 2 mid from file . 2 =
e e — [ lop 2paced = gid — =

B plaok =14 e P U P PR SR i
[w Bazeim IELT]“EFIWID _m
[+ FiAl Hoize I Fit Tine Indepsroent Noize __pht =D
[ Mepp dsciespecies 300 ploi M-

[+ 5 dcrste specics ||:| 40

¥ Merizou: |a1usn
Gid Size |5|:||:| I Bottom l?134E Carcel
conlidence lewsl [Fratiol ||]_95|:||]|:| 2 eq |-|_[|:|I|] g |

Enter wvalues for s and W for the discrete i
species. The default walues are often L
acceptable. L

el

0.5

- T T T y T T
a 100000 100020 00000




B SEDIMENTATION AMALYSIS = C:\Sedfit workshop\HERWOO400LIPL. .. | £
etz Copy Displey Modsl Paramebses Bn Fii Senarshe  Stsbistics  Motes  Ootions Help

fitting files DOO05.IP2 10 00400,1P2
34, step ¥V, qridsize =500~

| Notice the improvernent in the rmad,

Vo -3l il eSS ke e T
s min = 0,500000, 5 max = H.!:]HBH 5, {s—:.-'alues = l&ﬂ
r4 r .’f"r r !.-’J i A f..:l""

Mcniscus = 6.106410
Bottom = ?I'“'l 34600
fitting £.1190 -7.0773 /7,
Baseline = 0.000000
Runs test Z (#stddev) = 151.95
whar = 0.7 300 [fix)gsa T

o
o
E
0.0l
1 1 T 1 1 1 T 1 T 1 T 1 1 1 1 1 T 1 T 1 T 1 T 1 1 1 T 1 T 1 1 1 1 1 1 1 1 1 1 1 T Ll Ll Ll 1 1 1 1
L] 5.3 LE 6.5 65 5.1 L 5.5 T
i i . i i i 1
14 -
g 4 -
W L
' 0 L
" 0.5
"o L
o T T /|
Ln
sed oefficient [5]




W CEDIMEN

fiinges

Cop

FATION AHALYSIS -= C:\Sediit workshop\MKRVO0400.1P2

isgplzy Modal Parameb=s Bun FE

il

Incegral from 4,052989 o &, 440728:
Loeding Concentration [Signal] = 0.7 16560 {75, 640%0f tok=l)
wigight [Sional] Qverage = = ¢ 6HERTY

0.0
n.m
nnl

-0l
-0l

O-=veraga M = 27335, 128000

Z [Signal) Pverage M = 02953 234375

isignal) fverage Rs = 4705438

Std. deviation[as sorbtzecond cockral moment)] ds = 0,229 (best done without requlsrzebion’
atd, desdation[as sortisecond o=rtral moment)] diM = 23964, 514

Std. desdation[as eoptieecand ceckral moment) ] dR = 1,171

o) and ot

4

— =
| | | |
= |
o 16
| ]
|
5] il [ ] ||

T T T T T T
H
sl l:l:-efﬁ.t'mL [5]




W SEDIMENTATION ANALYSIS > C:\Sediit workshop\MERVDO400.1P2.. .

Daks Copy Displey Model Paramebers Bun Fi Generska Skabstos Motes  Ooeions +
fitting files 0OO005.1F2 o N0400.1P2
sd, slen 8T aridsize =GO A————L L L
T M Continuous « (s) with 1 discrete species
ill}
g rﬂ'.j”ﬁun 3 2l parid spac. valume | 0.73000
Emin II:I. A0000
Me buffer dersity 1.00000
£ max IEl 599955
E buffer viscazity [Poizz] |0.01002
fiunJ resalufion B4 0. 00000
Bal  #0 i 1000 [~ 2 mid from file .
[ log spaced = oid
FA rnay 1000 ol 410 =
Ru ‘wl The uzer may select different plotting
vbd [ Bacein [e.0000 i options in the parameters box
[+ Fi:AlHoize Iv Fi Time Indzpsrdent Noize plok 5-D . . . .
= : ] Hereis a Sedimentation coefficient-molar
L Dok [3500 S LY | ass distribution. Notics the red boges in
¥ sdwstesediz: 0339 the major peak ocour at about 95 kDa
¥ Merizou: |a1us¢
Giid Siza |5EI[I I Bottom l?134E
confidence lewsl [Fratio| ||]_95|:||]|:| 2 eg I'l.[l:lIl] 0K | T T T d.:S — T T 7T G.I'i' LI S B ﬁ|g LI S e
X i 1 i i i i i i i 1
400000
E z00000 i
5 .
L .
E i
E 200000
= ]
= ]
10nnnn B o i- ---:-_
] ~ L1 L - -
] 1 | W= =
i T T T T T T T T T T T T T T T T T T
5 i
sed poaffirient [7]




saks Copy Isplary

Modsl  Patamebars

r.'; SEDIMERTATION AMALYSIS -» C:\Sediit workshop\MERIO0400

sty Skabebes © Motas

i FE -Eenst

rezoiution =
3 min

£ Nak

0. 00000
II:I.EIIIII
IEIEEEEE

B Continuous cfs| with 1 discrete species

paris spac, valume 073000

buffer deswsty

1.00000

bufer viscasity [Poize| [0.C01002

resalufion b0 0. 00000

10 i 000 [~ = mid from il .
[ logspaced = oid
Fifil mas = 10000 ol 410
. pct =
I¥ Baceim IEEEIII:D I-T:lm
I¥ Fi:FAlHoize I Fi Time |ndspsrdent Moize plat 5-0)
[ Mapp dscrete species |ﬁ:l[l plot h-fi

¥ 3 dicrsie specics

|EI 339

Jwr Manincu:IEWEd
Gnd Siza [Fan I Boitomn l?134E

Carcel

The uzer may select different plotting

options in the parameters hox

Hereiz a Sedimentation coefficient ws.
GStokes radive distribution.

confidence lewvel [Frafio] ||:|_95|]|]|] 2 1eq I'I.IIlIl]

0 |

Stokes radiusnm)
|
|
[
i |

sed eoeffickrt [5]




B Continuous cfs| with 1 discrete species

S paris =pac. valume 073000

abetrs  MNotes

W% SEDIMENTATION ANALYSIS > C:\Sedfit workshop\NKRIDO400.1PZ...

Cop isply  Modsl Parareb=s Bun FE  Generats

1in 050000

& Nax Ia 99955

resalufion b0 0. 00000
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IV-1: Lamm equation modeling with a monomer-dimer system

Let’s suppose we have a protein ~ 100 kDa that, based on ¢(s) seems to form dimers.
There’s also a smaller Mw impurity. The goal of this exercise is to make the
transition from c(s) in SEDFIT to set up an analysis of the same data as a interacting
monomer-dimer system in SEDPHAT.



open SEDFIT, and load all files in the example “almost2species™
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B | YES, then to aRUN command
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nad previous analysis?T
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control-M shows the approximate Mw estimates: The 103 kDa should be the
monomer, but the 179 kDa for what should be the dimer is too low a number,
which means there might be excess boundary spread. Also, there’s something in
between the two peaks — this region should not be populated if we had really

independent monomer and dimer
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let’s export this. Use the function Data = Export Data to SEDPHAT
Give the xp-file to be generated some filename, and default through all the
parameter boxes.
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this will use the automatic integration in SEDFIT to generate
starting guesses for SEDPHAT model treating all species as
discrete species.
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accept, do RUN and then FIT



then fine-adjust the display by using control-D [set data range] and right-double click in
the distribution window [full range distribution plot] and control-O [show last fit info]
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Let’s try the monomer-dimer model in order to account for finite reaction kinetics.
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also check “add non-part. species’ box,
since we will need to account for the
slow sedimenting degradation product
when fitting this data.

Then hit OK

we use the following nitial
estimates:
M1 = 100kDa [that should be the

Ww from sequence, but we don't know
the exact vbar, therefore we'll float it

here]
5] = 5.5, 52 = 8 [these are the s-

values from the discrete model, which
should be excellent starting guesses and
we'll float]

lﬂg(KEl) = 0 [since we loaded ~uld
concentration, and see roughly equal
height of monomer and dimer peaks in
cis), we should be close to Ed at these
uld concs]

logilk-) = -4 [the reaction must be
tairly slow (1.e. =4 or slower) for us to
resolve peaks in cs), but we want to put
the starting guess at a value close to the
range of —3 to — 4 where the 5V
expenmentis sensitive to the value of
logileoft). Otherwise the optimization of
this parameter would become difficult ]



PROBLE*

sikching on mass balance constraint!

this is required Far FEbng with sedimentation veocicy data
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oK |

cnsnalunes x|
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Ok I Lanc=l

this is no problem, all SV models obey mass
balance.

because we had checked the *add
non-part. species’ box, now an
extended box shows up with a field
where we enter the parameters of
the non-participating species.

This will be 30kDa and 2.7 S,
which are the estimates taken from
the discrete species fit

Then hit OK

Now a input box pops up asking us how large the
concentration of the non-participating species is. This is in
signal units, and from the discrete species fit we can
estimate a value of 0,05, (Or this can be obtained also from
integrating the previous c(s) around this contaminant peak).



One more set of parameters is required, due to the fact that in the interacting species
models we want to deal with molar binding constants. Therefore, we need starting
concentrations in molar units, as well as extinction coefficients to relate the molar

concentration to signal.
Open the Experimental Parameters:

M Experimental Parameters x|

I['I] INTERFEREMCE dala for SECWELOCITY
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Comimect |omicel 000072706533, Sample

For the “extinction coefficient A°, enter a
value of 275000, This 1s interference
data, and based on the sensitivity for
proteins of 3.3 fringes/mg/ml, we have
the ‘interference extinction coefficient’
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Click on OK

2. 75 x Mw.

Note we also have a pathlength of 1.2
cm, which will allow SEDPHAT to
correct for the 12 mm thickness of the
centerpiece used.

If this was absorbance data, we would
enter here the conventional molar
extinction coefficient (OD/M/cm), just
as taken, for example, from
SEDNTERP.



Next, choose the “concentrations (indep + associating species)” from the menu.

B _iolx
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Ewperment #

. 00co0g we're referring to xp #1 (have only 1 loaded anyway...)
[ ox | cancsl |

x| . : :
L we’ll not redirect this xp’s concentration to another xp
concs of exp ¥1 lnked to =xp ¥

[oocoa (again, since we only have one loaded — this function would make sensze,

e.g., 1 we had absorbance data from the same cell loaded as xp2 such

| OF. I Cancal | that we should constrain the concentrations to be the same — “redirected’.
=ee the sedimentati on equilibrium tutorials, where heavy use of this
option 15 made.)

IMITIALIZE CONCENTRATIONS EJ

total oa loaded [ul] in sxpeimert 1:
[ I believe we loaded a concentration of ~1.5 uM i this

ok | conos cell, therefore we enter the value 1.5.




Do a RUN to test the starting guesses.

Dtz Copy Ceplsy Model GobslFeramsters  Local Parametsrs  Experimert Paramebsrs Aon FE Statslics  Opbore

S TG, ML Step 3100, Stop 0

ol 1l chisi) = BATINEGEH (1=51908)3
locrmsd-DOS2043 {n-51908) T
data.p A
Fuis test Z (#stddeny = 22539 © 7 © 0 -

b 10450121 - .00, o104k - 4,060
M1} = 100000, 5(1) - 5.50, 3(2) = BOD -
mcompetent fract. = 0.000,n = 1.0 i

exild - 2750000 - | _.--'_ o
Basslive TR R i
1=20.0C , d= 1000 00 gl et g e
Milting 6.1447 - 71383 ¢ //}/ o A
Memiscous = 6128100 -« - 1
Botoan = 7234500 (. /0 0 4 F 0 A
SV with no= 500, meas doie)= LOB0D0D 17 F- §
0 part. species M=30000,0 v=0.7 3),5-2.700,c-0.050 B
& ml.mz 1m“=u:. ._ Hipif TRy __:_.
£
4
i the height of the siimlated boundary is
too small, therefore we|should increase
lon-estimate.
1.3 E_
1.1 -
1.1 E.
4.2 E_




Again, choose the “concentrations (indep + associating species)” from the menu.
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[25 Let’s try a value of 2.5 uM.
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Do a RUN totest the starting guesses.
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This is better. From here, the non-linear
regression probably can pick up the job
of adjusting this parameter, along with
all the others.
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Now click on FIT. Note, the “ML" in the first line indi cates we are currently using Marquardt-
Levenberg optimization, which will need to do a large number of simulations to initialize the gradi ent
information and seems not to do much before updating the screen... nevertheless, thisis a very
efficient al gorithm overall.

If vour copy of SEDPHAT iz configured to usze the Simplex or the Simulated Annealing algorithm for

minimization, the following sequence of events willt be different. There are mmany different equally
valid options how to do the fitting.

Ag it turns out, the following documentation will not be of a strai ghtforward fit, but one where we
have to avoid getting trapped into local minima. We use a combination of fitting algorithms to get to
the best fit in a shallow minimum. (Remember the error surfaces of the banana function and the
mountain range.) The details of the following are probably not reproducible, because the Simplex
routine involves seed points generated randomly, and therefore it will slightly differ each time.
However, it should be straightforward to apply the same strategy to your particular situation, as well
as to other fits.

From here on, thisis more an example on switching between fitting algorithms.



After the fit has stopped, hit control-N [subtract noise] and control-O [show best-fit info
again]. This 1s where I ended up with after the fit. This doesnot look very good, vet.

_[op =i
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The ML optimization algorithm obviously found
it to be more effective to move the non-

-+, participating species to mimic the monomer,

> instead of adjusting the Kd.
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Weneed to re-initialize the non-participating

. species, and use a different optimization strategy

P to avoid this local minimum of the error surface.
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in the Global parameters box, enter M = 30000 and s = 2.7
Also, we want to keep these parameters fixed now (we’ll set them free later).

WA+ A - [AZ] x|
Fceamer Clirmer irCompetent [+ narrparticioating specie
Frack =
W wamlocd cerc: || W lagikal 575174 e w4 [3o0o0on

- = h |1.EI
EEEIUR |2 B2Ee+0 ¥ loglk- I—-B.HEIEIE - |-§§.; 2700
=uteaeft [a95000.0 fiaztion [ | hlbalil:l.?H
Eall] R R e 0.00000 " .
v Ml IEIEIEEE.E

™ lag10[ksdmgdml] nonid sec

[w 1] |5.u15E:?E: - m

[T with 2rd wirial cosif. MB [ml,

[ Mazz Consarealion

[ |3u|:|:||:|
™ with hycrodyn ke
(] 4 |

click on the “Simplex™ menu function. This will toggle off Marquardt-Levenberg and

switch on the Simplex algorithm

Dota Copy Dbplsy Modd dohal Parameters Local Parameters  Expeniment Paramcters Aun Rt Stabishics | optios

Sat v*tho
P whar2 0 = vhar(T}
Hamn Bk o L




Also, just in case we need to go back, let us save this state of the analysis.
In the Data menu, click on “save current configuration as”, and enter a filename.
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After just doing a RUN and control-N, we find this to be a good starting point.
Not surprisingly, it seems to be worse then after the previous fit, but it will become
hﬂpefull}f much better again after we do a FIT.
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Click on FIT. You’ll notice the different behavior of the display during a Simplex fit as
compared to the previous Marquardt-Levenberg fit. Now, we see things changing and
gradually improving earlier. However, at some point the convergence seems to become quite
slow.



We could just let this go until it stops. I recommend that. However, being impatient,
after the rmsd of the fit has dropped below 0.006, I interrupted this by hitting the space
bar once. After control-N and control-O to get a good display, I find:
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go back to the Global parameters box, and float M and s of the non-participating species
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Also, we change back to Marquardt-Levenberg, to take advantage of its better homing-
in’ capability. Click on the “Marquardt-Levenberg™ menu function to toggle.
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Then do a FIT



after a minute or two, we find the following best-fit (I used control-N and control-O
to optimize display). use control-U or the menu function to UPDATE CURRENT
CDNFIGURATIDN This will save the fit.
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this fit does not look optimal, vet, as judged by the systematic residuals and misfit in the
faster boundary. Therefore, we switch back to Simplex optimization and try to improve
further.



click on the “Simplex” menu function. This will toggle off Marquardt-Levenberg and
switch on the Simplex algorithm
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Then click on FIT

I saw initially a big improvement, indicating that the Marquardt-Levenberg again
had been trapped in a small local minimum, from which the Simplex helped us
escape. But after a while, convergence seemed to slow down very much, such that

I again hit the space bar once to interrupt the fit.

[Hitting it once just stops the fit. It will then do a last simulation using the so-far best fitting parameters.
I youinadvertently hit it twice, vou are aborting this last sunulation, and the fitted lines wall be far off’
However, vou can rescue thizs by using a ETTN command to re-establish the best-fit curves |



This 1s what T found. Use control-U or the menu function to UPDATE CURRENT
CONFIGURATION. This will save the fit. Always also save the xp-file with it.
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- advantage of its better “homing-m’
- capability. Click onthe
“Marquardt-Levenberg” menu
function to toggle.

Then do a FIT




This improved it slightly (Judged by rmsd). Use control-U or the menu function to
UPDATE CURRENT CONFIGURATION. This will save the fit.
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Again, click on the “Simplex” menu function. This will toggle off Marquardt-Levenberg
and switch on the Simplex algorithm
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Then do a FIT

I find this still improves the fit slightly. After convergence gets very slow, I stopped it
again and restarted the FIT. The reason for this is to take advantage of the random
seeding of points each time you start a Simplex fit. This helped to get the rmsd further
down. Irepeat this procedure, but the second time it didn’t seem to help.



Save the configuration (control-17).
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Then I switched back to the Marquardt-Levenberg method and tried again that way.
This is the result: Further Improvement!! This is obviously a very badly shaped error

surface, with a rather shallow valley that has many small ripples.
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Same thing, again, after another round of alternating Simplex and Marquardt-Levenberg
fits.
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We could proceed in this way until we don’t see any further improvement with any
method. Another option would be to use the Simulated Annealing method, which I want
to demonstrate in the following.



Simulated Annealing is better for error surfaces with many local minmma, but more time-
consuming. We could have used the Simulated Annealing method right from the
beginning, but I didn’t know vet that the error surface was so badly shaped.

At this point, let’s float two more parameters that potentially could play a role in this fit:
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before doing anything else, use SAVE CURRENT CONFIGURATION AS
and save under a different filename (I used “forstepbystepSA”).



Click on the ‘Simulated Annealing’ function. This will toggle it on (and the other

algorithms off)

The following
boxes will show
up. Accept the
default for all.

Then do a FIT

This will take a while.

Fit ‘with Simulated Annealing

starting 'temper sture!' [1el increase glob. chisg)

Sevhiho 1,
Fit whara = s T)
Mass Aclion Law =
Loading Qpcans L

w Rt ands
o Manguend-Leyerberg

Lamm Equation Opkons

Smplex

Thiz will set the starting tolerance for accepting
worse points during the procedure. A walue of 2

f2.00cong

(8 I
Fit ‘with Simulated Annealing

H of temp=igiure steps

Canc=l |

means that points within a chisquare of twofbld the
starting chizquare will be tolemted.

Thiz determines the “temperature” schedule, 1e the
rrher of titnes when we reduce the threshold

[ .0conug

(8 I
Fit wiath simulated annealing

H of iterations per tempsigtiure

Canc=l |

500 conood

I'E. I [anral I
Fit with Simulacted Annealing

final FAL [1]. Simples [2]. or none [O]

[1.0ocong
ok |

Canc=l

chizquare for rejecting worse points,

since we will not expect any fonm of convergence,
we have to predefine the mumnber ofiterations to be
done at each ternperature. ¥You can geta feel fora
ball-parl number by looking at how many iterations
the Sirnplex algorithim used previously.

We know that we likely will need another algorithun
to home-in. The combination with a final round of
Ilarquardt-Levenberg optimization seems to be
reasonahle,




This 1s where it ended up with SA — quite a bit better still. In fact, this 1s now
better than the original c{s) fit we started with. We should continue searching with
alternate Simplex, Simulated Annealing and/or Marquardt-Levenberg steps for
better fits.
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Finally, after a second trial with Simulated Annealing, no improvement was
possible with Simplex and Marquardt-Levenberg. This is the best fit I found.
Unfortunately, there’s no guarantee that this is really the global optimum.
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