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SEC-SAXS Lethbridge

* Sample 1s pushed
through a size-
exclusion column - Detector
to Sepafate out Sample injection , ‘_ o
different species R Vecaarn fighiubs
before it 1s passed '
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Size Exclusion Chromatography coupled SAXS (SEC-SAXS), (BioCAT, 2021)




US SOMO HPLC SAXS Module Lethbridge

S 1 Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)
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* tcorresponds to time

* m corresponds to the
number of q values at
that time

 I,(t) is scattering
intensity as a function
of time.

* This plot allows for
detection of capillary
fouling.
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* Buffer conditions previously shown to exhibit high capillary fouling rates
in lysozyme were chosen.

(Harata et al, 1993)
(Wisniewski et al, Unpublished) 5
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Assumptions Lethbridge

1. Capillary fouling deposits are proportional to sample concentration A
while exposed to the beam.

2. The bufter nor make/model of the instrument used contribute to the
extent of fouling that occurs.

3. No “cleaning” occurs while the sample is eluting. (First
approximation.)

4. The proportionality constant 1s species independent.
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Steady-State End Signal Lethbridge

 First, calculate average intensity for a region post-elution.

 If the value 1s close to 0, then no further steps are necessary. If lower
than zero, other experimental 1ssues.

 If greater than zero, capillary fouling 1s likely.
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Vachette and Mattia Rocco (see J. App. Cryst. 46:1823-1833, 2013)
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Iterative Approach Lethbridge
Step #1: Set the initial baseline to zero: By(q, t) =0 a

Step #2: Loop from i = 0 to the desired number of iterations.

D(q) tk) — Y(q) [I(CI, tk—l) o B(q, tk—l)]
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ITOTi(q) — Z I(qg, t;) — B(q,t;,) Ig (q) = z I(q,ts)
k=1

4

Itor,(q)

k=1m

Ig,(q)

vi(q) = vi(q@) —vi-1(@)| < &




Iterative Approach 3

vi(q) = Ig,(q)
l Itor,(q)

@
Di(q; tk) = Yi (q) [I(qr tk—l) _ Bi(q; tk—l)]

t
Bii1(q,t) = Z Di(q,t)
t'=1
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Lysozyme SEC-SAXS Experiment L
Analysis

* Initially, buffer frames were shown to be significantly different in a

control.

US-SOMO: CorMap Analysis
Blanks mode t 1 to 89, Maximum q lmit is 0.05 [A~1)

Pairwise P value map

Red pair % histogram
(Lines represent average, +1 SD)

Red cluster size histogram

10 15 20
Red cluster size
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US-SOMO: CorMap Analysis «2»

Blanks mode t 1 to 83. Maximum q imit is 0.05 [A*-1). Only every 2nd q value sampled

Pairwise P value map

Red pair % histogram
(Lines represent average, 1 SD)

15
Red cluster size

alpha is 0.01

Pairwise P value map color definitions:
P is the pairwise P value as determined by a CorMap analysis
Green corresponds to P >= 0.05
Yellow corresponds to 0.05 > P >= 0.01
Red corresponds to 0.01 > P

P values:
69.2% green (42.1%) + yellow (27.2%) pairs
30.8% red pairs

Brookes et al., 2016

| alpha is 0.01 E

Pairwise P value map color definitions:
P is the pairwise P value as determined by a CorMap analysis
Green corresponds to P >= 0.05
Yellow corresponds to 0.05 > P >= 0.01
Red corresponds to 0.01 > P

P values:
97.7% green (90.9%) + yellow (6.8%) pairs
2.3% red pairs

Brookes et al., 2016
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Holm-Bonferroni Adjustment

Blanks mode t 1 to 89. Madmum q it is 0.05 JA~1).

Holm-Bonferron! adpusted
Pairwise P value map
40 ¢

Red pair % histogram

(Lines represent average, 1 SD) Red cluster size histogram
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0s

1 15 2
Ref. Red cluster size

Holm- Bonferroni adjusted
Pairwise P value map
0 I )

1 1

Blanks mode 1t 1 10 89, Max

US-SOMO: CorMap Analysis «<2»
q Wit is 0.05 [A™-1). Only every 2nd q value sampled

Red pair % histogram
(Lines represent average, 1 SD)
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Red cluster size histogram

T T

T T L 170 tepy Ty
02

08 1

T T
04 0s
Red cluster size

r
0

Alpha is 0.01 i-]

Holm-Bonferroni pairwise P value map color definitions:
P is the pairwise P value as determined by a CorMap analysis
Green corresponds to P >= 1.311e-05
Yellow corresponds to 1.311e-05 > P >= 2.618e-06
Red corresponds to 2.618e-06 > P

Holm-Bonferroni adjusted P values:
99.8% green (99.7%) + yellow (0.1%) pairs
0.2% red pairs

Brookes et al., 2016

Alpha is 0.01

Holm-Bonferroni pairwise P value map color definitions:
P is the pairwise P value as determined by a CorMap analysis

Green corresponds to

P >=

1.306e-05

Yellow corresponds to 1.306e-05 > P >= 2,612e-06

Red corresponds to

2.612e-06 > P

Holm-Bonferroni adjusted P values:
100.0% green (100.0%) + yellow (0.0%) pairs

0.0% red pairs

Brookes et al., 2016

|

12



University of

Identification of the Baseline Lethbridge
Region

* Identification of a stable final baseline region 1s identified using ol
correlation map.
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Results of Baseline-Correction Lethbridge
Procedure

NNNWZZE
LI

1E-4 - L L} L} l Ll Ll AJ Ll Ll Ll B l Al Ll Ll Ll L) L) L) L
] - O Original data, avg. fr.1130-1145 ]
g © O Bas. corr. data, avg. fr. 1130-1145 ]
1E-5 - 3
1 -100 )
: 11'00' =3 ‘11'S'D' 1= v12'00‘ AN '12'50' =~ '13'00' =

Time [a.u.] © 1E-6 3 0 =
— q -0sd= 3
= 13 d
— <§ e
13 4

— -11.04
1E-7 = o
] s . v v y ]

0.000 0.001 0.002 0.003 0.004 0.005
i 5 o 4
q, A
2 1E‘8 T LN AL | T T T T T DR B | T T T T 2 |
T —— 0.005  0.01 0.1 1
1100 1150 1200 1250 1300 "
Time [a.u.) q,A

Brookes et al., 2016 Brookes et al., 2016

14




° University of
Poor HPL.C Resolution Lethbridge

* Different species may not be completely resolved by the size exclusion column.
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Non-Symmetrical Gaussian Lethbridge
Functions

ENMZZE
Classical Gaussian Function: W
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n . 12
* 1, is used as a noise 2 1 Oexp (q i) N
independent goodness e = — i ( )
of fit estimator. i—1 L €XP qi)
* Correlation Map
statistical analysis was n _ 42
also used. )(2 . 1 z Iexp (ql) _ Icalc (ql)
n: O'exp (qi)
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Efficacy of SVD with Ditferent
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represents the individual Gaussian distributions generated. (Brookes et al., 2016)
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Efficacy of SVD with Different Lethiridge

Gaussian Functions 2
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Efficacy of SVD with Ditferent
Gaussian Functions 3
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Efficacy of SVD with Different Lethbridge
Gaussian Functions 4
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EMG + GMG Guinier (M),, SAXS-MoW (M),

peak No. Frame(s) [(R).]"* (A) (kg mol ™) Gonin — Gonax (A7) X (kg mol ")

1 60 (top) 101.1.59=2.8 929 =122 0.00743-0.01257 0.0205 n.d.

1 Average of frames 53-72 results 944 +5.1 886 + 40 n.a. n.a. n.d.

i} Average frame of frames 53-72 948 +1.4 897 +11 0.00743-0.01372 0.0126 1000 £ 3

2 80 (top) 63.6 £ 0.9 441 + 4 0.00800-0.01886 0.0152 n.d.

2 Average of frames 67-94 results 63.1 +£1.7 432 £ 10 n.a. n.a. n.d.

2 Average frame of frames 67-94 634 +03 434 +1 0.00800-0.01886 0.0058 462 =1

3 102 (top) 535 £ 0.6 297 +2 0.00857-0.02229 0.0127 n.d.

5 Average of frames 90-113 results 521 +14 292 5 n.a. n.a. n.d.

3 Average frame of frames 90-113 520 5=0.3 292 + 1 0.00857-0.02286 0.0065 306 = 4

= 137 (top) 364 £ 0.1 156 £ 0 0.00857-0.03143 0.0015

4 Average of frames 126-150 results 36.1 04 157 2 n.a. n.a. n.d.

- Average frame of frames 126-150 36.0 £ 0.1 157 £ 0 0.00857-0.03143 0.0031 154 £ 1
Brookes et al., 2016

Theoretical molecular weight of an aldolase homotetramer: 157kDa
Theoretical molecular weight of dimer of homotetramers: 314kDa
Theoretical molecular weight of trimer of homotetramers:

Theoretical molecular weight of hexamer of homotetramers: 942kDa 21
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Modelling of Identified Complexes Lethbridge

* Molecular docking
experiments were

1(q), a.u.

©  mG-Pk4 frames 133-141 averaged
Crystal tetramer (G) SAXS profile calculated by WAXSiS yxro=0.191
1 ]

carried out to try to - T Y

. . Eaigfr-------=3 Seadey
visualize what the o =
observed complexes 3]

A mG-Pk3 frames 97-110 averaged

ClusPro octamer best fitting model 17(H)  yxro = 0.450

—— NNLS fit of ClusPro octamer models 8(1),14(J),25(K) (38:48:14) nyxro = 0.380
1 1 + ] + 1 +
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would look like
structurally.
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1 0'3 ~| —— NNLS fit of ClusPro models 9(N),10(L),13,25(0),27,29(M)

“ 6:22:5:?2:2:23) nyxro= ?.395
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Brookes et al., 2016 22

T
0.05




University of

Conclusions/Future Directions  Lethbridge

* The new analysis methods are effective in reducing the affect of

capillary fouling and poorly resolved SEC peaks on experimental R\
SAXS data. T

* The analysis methods presented are more efficacious than most
alternatives available at the time.

* Currently, the software cannot be considered a high-throughput tool,
due to the number of manual adjustments that must be made. The
authors may release a subsequent edition of the software, automating
several steps 1n a future release.
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