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Figure S1: Comparison of the top 20 sensitive strains to
several Hsp90 inhibitors from four publications. A.
Comparison of geldanamycin (GA) from three separate
studies shows that no deletion strains were observed in
common and only 3 strains were shared between two studies.
B. Additional comparison of the GA studies with radicicol
(RAD). An overlap of 8 strains was observed by the Parsons
2006 study for GA and RAD. However, overlap with other
studies was non-existent. C. Comparison of GA studies with
macbecin sensitivity (McClellan et al. 2007). Only five strains
exhibiting macbecin sensitivity overlapped with the other three
GA studies.
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Figure S2: Sensitivity of yeast deletion strains to geldanamycin (GA), radicicol (RAD) and novobiocin
(Nov). Growth rates of strains at several concentrations (uM) displayed on the x-axis were measured and a
growth ratio relative to wild-type strain was determined followed by clustering using the centroid linkage
algorithm. Yellow indicates increased sensitivity and blue indicates resistance relative to the wild-type strain at
each condition — nearly all strains behaved similarly to wild-type or were more sensitive. The three deletion
strains selected for further screening are labeled. Identities of all strains, time to reach OD600=0.8 and raw
data curves are present in an excel file named Table S1.



Term Definition

% Distance between mean drug curve and mean control curve) 100
*
change Distance between mean control curve and a no growth curve
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Figure S3. A) Summary of calculations performed to determine % change, Sum Index, Diversity Index and V-
values; B) A schematic of the filtering process as applied to primary screening data for two chemical libraries
that lead to the defining of the Class | hits.
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Figure S4. A) Examples of averaged raw data curves for Class | hit compounds screened at 20 uM; B)
Normalized turbidity curves of deletion mutants demonstrating sensitivity of the ydj14 strain to 20 yM

Macbecin.




Strain List Inclusion Criteria

Zhao and Gong -
J Strains corresponding to chaperone genes in Gong et al and the 12 strains in the top 20 GA-sensitive strains in Zhao et al

75

Parsons - 150 Strains in the top 100 sensitive to Radicicol or Geldanamycin

Hsp90 literature -

gop Strains corresponding with connection to Hsp90 or sensitivity to inhibitors in the literature

McClellan -99 Strains most sensitive to Macbecin at 30C or 37C
Insensitive Strains
-12

HAS - 16 Final Heat shock associated sensitive strains

* Essential chaperone genes so heterozygous diploid strains were used

6. Parsons, A. B.; Lopez, A.; Givoni, I. E.; et al. Exploring the mode-of-action of bioactive
compounds by chemical-genetic profiling in yeast. Cell 2006, 126 (3), 611-25.

14. Zhao, R.; Davey, M.; Hsu, Y. C.; et al. Navigating the chaperone network: an integrative map of physical
and genetic interactions mediated by the hsp90 chaperone. Cell 2005, 120 (5), 715-27.

16. McClellan, A. J.; Xia, Y.; Deutschbauer, A. M.; et al. Diverse cellular functions of the HspS0 molecular
chaperone uncovered using systems approaches. Cell 2007, 131 (1), 121-35.

Randomly selected strains

33. Gong, Y.; Kakihara, Y.; Krogan, N.; et al. An atlas of chaperone-protein interactions in Saccharomyces
cerevisiae: implications to protein folding pathways in the cell. Mol Syst Biol 2009, 5, 275.

Zhao - 75 Parsons - 150 Hsp90 literature - 90 McClellan - 99 Insensitive HAS - 16
Strains - 12

YALOO5C YHR139C YLRO24C  YDR283C  YALOO2W  YNL197C
YALOIOW  YHRI67W  YMLOS7W  YGLO20C ~ YALO24C  YNL235C

YALO24C YJRO56C YALOIOW  YER103W  YBLOSIC  YNL294C

YBLOS8W YJRO58C YMLO32C  YER110C  YBRO61C  YNL298W
YBL101C YKLOS7C ~ YMR186W  YALO24C  YBR164C  YNL322C
YBR101C YKL092C YALOOSC ~ YMRO97C YCLOOSW  YNL325C
YBR156C  YLRO48W YLLO26W  YMRO98C ~ YCLOOSC  YNROOGW
YDL134C YLRO73C YLR113W  YER139C  YDLO77C  YNRO51C

YDR192C YLR328W YLLO24C YJRO32W  YDL117W  YOLO50C
YDR200C YLR329W YOR007C YER151C YDR136C  YOLO61W
YDR435C YLR344W YOR027W YER156C YDR253C YOLO89C
YELO25C YMLOOSW YOR023C YER145C YDR260C ~ YOR027W
YERO56C-A YML108W YORO36W YBR101C YDR276C  YOR061W
YER139C YMR269W YNL325C YGR257C  YDR335W  YORO089C

YFRO35C YNROOSW YPL253C YNL307C YDR443C  YOR275C
YFR043C YOLO04W YNL281W YER048C YPLOO2C
YFRO53C YOLO76W YPL240C YERO72W  YPLO51W
YGL257C YORO87W YOL018C YER119C-A  YPLO65W
YGR235C YOR228C YDRO73W YER120W  YPLO84W
YGR243W YOR239W YPL193W YER151C  YPL225W
YHLOO7C YOR270C YDR418W YER177W YPL240C
YHLO32C YOR284W YPL152W YFLO25C YPR119W
YHR029C YPLO36W YPL106C YFRO36W

YHR124W YPLO6OW YHRO034C YGLOO5C

YHR162W YPLO70W YGR178C YGLO13C

YHR184W YFR043C YCLO37C YGLO45W

YIL160C YPL253C YERO72W YGLO46W

YIL161W YMRO095C YGR123C YGL151W

YIRO04W YGR188C YHLOO7C YGL212W

YIRO19C YML124C YHR030C YGR289C

YJLO13C YDR415C YHR167W YHLO27W
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YLLO24C YERO72W YOR228C YIL029C

YLRO04C YOR216C YLR362W YILO35C

YLR201C YMR311C YLR318W YILO41W
YMLO27W YOLO32W YLR319C YILO53W

YML0O86C YMRO96W YJL187C YIL121W
YML116W YML123C YGL253W YIL154C
YML117W YBLO68W YDR214W YIL170W

Figure S5. Source and process for 360 strains screen to identify heat shock associated strains as indicators
for follow up profiles.
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Figure S6. Venn diagram demonstrating overlap between Heat shock associates strains (HAS) and previous
screening efforts
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Figure S7. Normalized growth curves of ras24 strain treated with 1% DMSO and 100 yM NSC145366.
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Figure S8: Negative control data for DARTSs experiments with recombinant Hsp90 beta. The panel on the left
is identical to Figure 4A and is used here for visual comparison with the data for the negative control
compound metoprolol selected because of common chemical features to NSC145366. Both compounds are

at 200 pM.
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Figure S9. Competition assay using Hsp90 inhibitors Geldanamycin (GA), AUY922 and NSC145366 to
displace FITC-GA binding to Hsp90B. Known N-terminal ATP site binding compounds GA and
AUY922 displace FITC-GA but NSC145366 does not, indicating that NSC145366 does not bind to the
Hsp90 BN-terminal ATP site.



Detailed method description of distance measurements:

Data Analysis for Identification of haploid deletion strains sensitive to Hsp90 inhibitors. Time-
dependent changes in microplate well turbidities were measured by assessing optical density. These data
vectors were first normalized using their integrals and the values of the initial turbidity measurements. Mean
control- and drug-treated curves for each of the strains were computed. The curves were smoothed employing
a robust locally weighted regression function (lowess)'. For analysis, pairwise distances between curves (yeast
strains exposed to a treatment compared to the corresponding DMSO curves) were measured using quadratic
form distance (QFD), Euclidean distance, KS distance metric, spectral angle distance (cosine distance), and
dynamic time warping (DTW) distance. The final assessment of the curve characteristics was performed using
DTW and QFD distances.

The distances were defined as follows:
1

. . n 5 |2
Euclidean distance: d(p.q)= [Z(qf -p,) ]
i=1
1 n-X n-X
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The DTW aligns two time series (or other data vectors) by allowing a given data point from one curve to be
matched with one or several points on the other curve. The DTW algorithm finds the alignment between the
curves that has the minimal cost (in the sense of a local distance measure). This cost of alignment is the DTW
distance % 3.

The calculated distances were used to determine the curve-Z' factor 4. In contrast to the univariate Z’, the
curve-Z’ factor is defined employing curves (data vectors), rather than scalar measurements. The curve-Z’
uses the 99-percentile of pairwise distances between curves obtained from the same group as a measure of
dispersion within a group (instead of the standard deviations used in the univariate Z’), and 50-percentile
pairwise distance between two groups of curves as a measure of the expected distance (instead of a
difference between means). Note that this definition of Z’ is different from the multivariate extension of Z’
proposed by Kimmel et al., who performed a projection of multiple readouts to calculate an equivalent to a
univariate Z' factor °.

We computed the 99-percentile of pairwise distances between curves in the control and treated groups
(d+,1, and d2 ), as well as the 50-percentile pairwise distance between curves belonging to two different groups
(d1,2). The curve-Z’ is defined as follows:
d1[(:.99] +d£02'99]

CdT

The curve-Z’ shows the size of the effect as an overlap/separation between treated and untreated groups.
As with the univariate Z' factor, this value indicates to what extent the treatment can cause a large, easily
observable effect. In contrast to the traditional univariate screens designed to assist in defining a binary-screen
result (hit or no hit), the expectations regarding the curve-Z’ values are much more relaxed. In this setting, we
do not expect the curve-Z’ factor to extend well above 0. For curve-Z' =0 the average separation between the
curves from treated and untreated groups would be twice as large as the 99-percentile of inter-curve distance
within a group (assuming an identical variance within compared groups). This would indicate an almost
complete separation between the groups (equivalent to a 6-standard deviation separation between the means
in the univariate case).

curve-Z'=1-



The large number of repeated treatments per strain allowed calculation of p-values using an asymptotic
Monte-Carlo permutation test comparing the growth vectors. The statistic used followed the idea presented by
Hayden et al. and was defined as follows ®:

d1[01'5] _ d£02.5]
2
where de"XS] is the 50-percentile computed from the distribution of pairwise distances between curves in group

_ 4lo5]
s_dt2 -

[0.5]
X,y

The p-value for this one-sided test is the probability that the value of the resampled statistic s is equal to or
greater than the observed value Sqs. Therefore
P(s>s,,)+1

P+1 ’

where P (sZSobs) is the number of instances in which s is equal to or exceeds the sqs Value. P is the total
number of permutations. All calculations were performed using R language for statistical computing
(http://www.r-project.org/) ’.

X, and d, ”'is the 50-percentile from the distribution of distances between curves belonging to groups x and .

p-value =

Data Analysis for Chemical Library Screens. The raw time and optical-density data were normalized using
the curve integrals. For the purpose of comparison and quantification, reference readouts/curves were
established using WT, sst24, ydj1A, and hsp82A strains exposed to 1% DMSO. The reference curves for
every analyzed strain were compared pairwise to establish a distribution of DTW distances. The distance
values at the 95th-percentile of the computed pairwise distance distributions were selected as the parameter
above which the measured two curves were considered “significantly dissimilar” (i.e., likely originating from
different growth phenotypes). Therefore, any distance between given curves that was below this 95-percentile
point were considered not significant and likely occurring owing to natural biological variability.

For further analysis, mean control curves were computed for each of the strains using trimmed means
of the repeated measurements at all the given time points. For every mean curve, a reference growth-
retardation effect was defined as the DTW distance between a mean curve and a curve from wells containing
medium only. Using the significance cut-off for DTW distance at the 95" percentile, the fold increase in
dissimilarity was calculated for every measured curve / mean-curve pair. The computed parameter was called
"response dissimilarity" or v-value. For example, a v-value of 10 means a dissimilarity value 10 ten times larger
than the observed variance within the group of curves.

Additional scoring parameters were also computed. A relative difference between the DTW (control,
treated sample), and DWT (control, no-growth sample) was scored as %-change values; the value of 1 (or
100%) indicated a DTW distance identical to the distance between the no-growth curve and the mean curve. It
is important to point out that the practically observed relative difference could be higher than 100%, since some
of the curves obtained from a treated sample may demonstrate a complex or chaotic growth pattern that
results in large distance values. It is also important to recognize that the value of 100% reflects different
absolute changes in growth (different level of growth retardation) for every one of the four strains, since their
respective control mean curves were different.

Summary statistics were computed on the basis of the values defined above (Table S2). The summary
included the sum (SUM Index) of all the dissimilarities (for all strains). This parameter was dominated by the
greatest dissimilarity value (the strongest response). A high value of the SUM Index indicates that at least one
of the strains demonstrated a very strong response to the presence of a drug, or that a number of strains
demonstrated modestly strong responses. The diversity index (DIV), another computed summary statistic is
defined as the maximum difference between responses exhibited by the tested strains. A small diversity index
indicates that all the strains responded in a similar fashion, whereas a high value shows that some strains
respond differently than the others did. All these calculations were performed using R language for statistical
computing (http://www.r-project.org/). The compounds displaying SUM > 100 <250, DIV >50, % change <150,
and V>1 were class | compounds. Class Ill compounds were defined as those that showed weak or no
response in all four strains, i.e., having a DIV Index <40. Artifacts were defined as compounds having Sum
Index >400 and DIV Index >100.
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