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Inner Life of the Cell (https://youtu.be/wJyUtbn0O5Y)

Molecular Biology is both 
complex and beautiful



Molecular Interactions
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https://www.ebi.ac.uk/intact/

• European Bioinformatics Institute @ Cambridge, 

England

• A large-scale, high-quality manually curated 

database

• Content

• 20,065 curated papers in total

• 2,254 open access papers

• Describes molecular interactions + detection 

methods linked to specific subfigures (e.g., Fig. 

1b, 3d, etc.)



Scientific Cycles of 
Investigation



Can we automatically 
classify types of 
scientific evidence

figures from  
articles?

Can we automatically 
classify types of 
scientific evidence?



Pipeline



1. Extracting Whole Figures
https://github.com/BMKEG/lapdftext

1. Build a spatial index of tightly packed text 
blocks

2. Locate Caption Text blocks 

Regular Expression: ^Fig(ure|ure.|.)[0,1]\s*(\d+)

3. Find areas of low word density above, below 
and to the side of the caption

4. Remove caption text

5. Crop low word density space + caption region

https://github.com/BMKEG/lapdftext




2. Delineating Subfigures



Heuristic Baseline Method

1. Detect letters that denote each subfigure 
(‘A’, ‘B’, etc.) using connected component 
analysis. 

2. Use a greedy tiling mechanism that places 
the letter in the top left corner of panels to 
construct a rectangular layout for each panel 
in a figure. 

3. A figure is cut into multiple sub-panels by 
straight lines that go along the top or left 
side of each detected letter. 



Baseline Example 



‘You Only Look Once: Unified, 
Real-Time Object Detection

Redmon et al. (2015) CoRR abs/1506.02640

Used for Compound Figure Separation by 
Tsutsui & Crandall, (2017), ICDAR



In standard YOLO, the hyper-parameter: # of Grids is set as 13*13, 

Its too many for academic images, the network always favor tiny subfigures. 

(bias)

Different layout is sensible to Grid #.

We apply a model based on applying multiple sets of grids.

YOLO 

Grid

YOLO is biased to fine-
grained delineation



Layout Aware YOLO





Preliminary Analysis of data 
from INTACT 2017 

Method Accuracy

Heuristic Greedy Cut 0.78

YOLO 0.76

Layout Aware YOLO 0.84



3a. Classifying Subfigures

• LeNet image classification algorithm 

• Manually annotated images from INTACT 
database



3b. Classifying Evidence Text

• Train simple CNN + LSTM classifiers predict 
detection method codes from INTACT 
‘evidence fragments’ and sub-captions 

• 3,366 open access INTACT records





‘Towards’ Evidence Extraction
Templates

cell-type = 

[Eps8(-/-) 
fibroblasts]

promoter-

construct = 

[Eps8myc]

Protein-

Concentration

blocking-
peptide = 

[PXXDY, 

PXXDA] 

immuno-

preciptate
target = 

[myc]

primary-

antibody = 
[Sos-1, 

E3b-1, Eps8]

Cell Line

Cell 

Lysing

Lysate

DNA-Binding 
Blocking 

Reaction

Immunoprecipitation

Western
Blot

Transfection

cell-type promoter-

construct

blocking-

peptide

immuno-

precipitate

primary-

antibody

protein-

concentration

Eps8(-/-)	

fibroblasts

Eps8myc PXXDY myc 	Sos-1 none

Eps8(-/-)	

fibroblasts

Eps8myc PXXDY myc 	E3b-1 none

Eps8(-/-)	

fibroblasts

Eps8myc PXXDA,	

control

myc 	Sos-1 low

Eps8(-/-)	

fibroblasts

Eps8myc PXXDA,	

control

myc E3b-1 low
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nual et al., 1998). Second, and most importantly, Sos-1 has
been shown to form a tricomplex in vivo with two signaling
molecules, Eps8 (Fazioli et al., 1993) and E3b1 (also known
as Abi-1) (Shi et al., 1995; Biesova et al., 1997). E3b1 con-
tains a SH3 domain and binds Sos-1 (Scita et al., 1999; Fan
and Goff, 2000). In addition, E3b1 binds to the SH3 do-
main of Eps8 (Biesova et al., 1997). Thus E3b1 acts as a
scaffold protein, which holds together Sos-1 and Eps8. The
tricomplex Sos-1

 

–

 

E3b1

 

–

 

Eps8 (S/E/E8) is endowed with Rac
GEF activity in vitro (Scita et al., 1999). Thus, the sum of
the above observation raises the possibility that Sos-1 might
function at different step in the signaling cascade, acting as a
Ras-GEF and a Rac-GEF, respectively. A number of out-
standing questions need clarification, however, before such a
model could be accepted: does a trimeric S/E/E8 complex
exist under physiological conditions? How is the specificity
of Sos-1 directed toward Ras or Rac? Does the putative dual
function of Sos-1 provide a mechanistic framework for the
coordinated activation of Ras and Rac? The present studies
were undertaken to elucidate these questions.

 

Results

 

The S/E/E8 complex exists under 

physiological conditions

 

In previous studies, we showed that Sos-1, E3b1, and Eps8
could form a trimeric complex in vivo upon concomitant
overexpression of the three proteins. However, we failed to
detect the existence of an endogenous S/E/E8 complex
(Scita et al., 1999). We reasoned that this could be due to
the low efficiency of the immunoprecipitating antibodies
used. We thus sought to exploit the availability of eps8

  

/

  

 fi-
broblasts to circumvent this problem. To this end, we per-
formed immunoprecipitation experiments using eps8

  

/

  

 fi-
broblasts in which the expression of Eps8 was restored, to
physiological levels, with an expression vector encoding a
myc epitope-tagged Eps8 (

  

/

  

 [Eps8myc] cells). We se-
lected transfected clones in which the levels of expression of
Eps8myc were very similar to those present in wild-type fi-
broblasts (Fig. 1 A). Endogenous Sos-1 and E3b1 could be
detected in anti-myc immunoprecipitates from lysates of
Eps8myc-reconstituted, but not from eps8

  

/

  

 fibroblasts
(Fig. 1 B).

To determine whether E3b1 mediates the interaction be-
tween Eps8 and Sos-1, as it would be expected according to
the tricomplex model, we performed coimmunoprecipita-
tion experiments under conditions in which the association
between Eps8 and E3b1 was disrupted. The binding site of
E3b1 to the SH3 domain of Eps8 was previously mapped to
the amino acid sequence, PPPPPVDYTEDEE, where the D
and the Y residues are critical for efficient binding (Mon-
giovi et al., 1999). Thus, a peptide encompassing this region
should specifically disrupt the Eps8–E3b1 association. In-
deed, no E3b1could be recovered in anti-myc immunopre-
cipitates from lysates of Eps8myc-reconstituted cells, when
the immunoprecipitation was performed in the presence of
an excess of the competing peptide. The association was,
however, preserved when a control peptide, bearing a Y

 

®

 

A
substitution and unable to bind to Eps8 (Mongiovi et al.,
1999), was used (Fig. 1 C). Similarly, no Sos-1 could be re-

covered in anti-myc immunoprecipitates in the presence of
the competing, but not of the control, peptide (Fig. 1 C).
Thus, under physiological conditions, the coimmunoprecip-
itation of Eps8 and Sos-1 depends on the integrity of the
Eps8–E3b1 interaction, pointing to the existence of a physi-
ological S/E/E8 complex. It cannot be formally excluded
that Eps8, E3b1, and Sos-1 associate after cell lysis, thus al-
lowing coimmunoprecipitation. However, we have previ-
ously demonstrated (Scita et al., 2001) that the three endog-
enous proteins also colocalize in vivo in dynamic actin

Figure 1. The S/E/E8 complex exists under physiological conditions. 

(A) Eps8 /  cells were transfected with a control vector ( /  lanes) 

or a vector coding a myc epitope–tagged Eps8 ( /  [Eps8myc] 

lanes), both carrying a hygromicin resistance gene. Hygromicin-

resistant single-cell clones were established after 10 d of selection 

with hygromicin (0.2 mg/ml). The levels of Eps8, PDGFR, and EGFR 

in individual clones of eps8 / , /  [Eps8myc], or in wild-type 

(WT) cells were determined by immunoblotting analysis of equal 

amounts of total cellular lysates (50 g) using the indicated antibodies 

(WB), and clones with levels of expression of Eps8, PDGFR, and 

EGFR similar to wild-type fibroblasts were used. (B) Total cellular 

lysates (10 mg), obtained from the transfectants described in A, were 

immunoprecipitated (IP) with the antibody indicated at the bottom 

(ctr, irrelevant antibody), followed by immunoblot with indicated 

antibodies (WB). The indicated lanes (lysates) were loaded with 100 

g of total cellular lysates. (C) Total cellular lysates (10 mg) 

obtained from /  [Eps8myc] cells were immunoprecipitated (IP) 

with the antibody indicated at the top (ctr, irrelevant antibody) in 

the presence or absence ( ) of 40 ng/ml of the indicated peptides 

(peptides). The peptides used were PPPPPVDYTEDEE (PXXDY) and 

PPPPPVDATEDEE (PXXDA, used as a control). Immunoblotting was 

with the indicated antibodies (WB). The indicated lanes (lysates) 

were loaded with 100 g of total cellular lysates.

A

C
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Linked Data as a Research Object
http://purl.org/ske/ro/semsci18

Tools:

• https://github.com/SciKnowEngine/evidX/releases/tag/v0.1.0

TensorFlow Classifiers used to classify text of subfigure captions by method type.

• https://github.com/SciKnowEngine/UimaBioC

Text preprocessing pipelines

• https://github.com/SciKnowEngine/lapdftext

PDF image and text extraction tools

Data

• https://doi.org/10.5281/zenodo.1315036

‘Molecular Biology Open Access Pubmed Word and Sentence Representations’

• https://doi.org/10.5281/zenodo.13150211

‘Method Classification of Open Access INTACT Molecular Interaction data.’

• https://doi.org/10.5281/zenodo.1319198

‘Partitioned Image Data for Machine Learning Analysis of Molecular Biology 

Figures’

https://github.com/SciKnowEngine/evidX/releases/tag/v0.1.0
https://github.com/SciKnowEngine/UimaBioC
https://github.com/SciKnowEngine/lapdftext
https://doi.org/10.5281/zenodo.1315036
https://doi.org/10.5281/zenodo.13150211
https://doi.org/10.5281/zenodo.1319198
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