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Lecture Outline
1. Why studying large/multi-subunit protein complexes?

2. Ways to study large protein complexes
• X-ray crystallography ✔
• Electron microscopy ✔
• Mass spectrometry ✔
• Cross-linking / hydrogen-deuterium (H/D) exchange
• Computer simulation, NMR, fluorescence, …

3. Case study

Why studying large/multi-subunit protein complexes?
• Protein structures define protein functions. Yet, a biological process is
usually not performed by one single protein.
• Exactly how proteins send signals through their structures remains to be
determined.
• Proteins function in ensemble with other protein partners, such signal
transduction, transcription, translation, exo/endocytosis, etc.
• Activation/deactivation of individual protein functions requires formation
of multi-protein complexes.
• Intracellular environment is very viscous and crowded by proteins and
other biological molecules, i.e., the spatial limitation of protein functions.
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Table 1
A multi-disciplinary science that collects
diverse expertise
Summary of techniques described in this review and their contributions in ISB.
from various fields, such as
Technique
Description in the context of ISB

biochemistry/biophysics,
analytical chemistry,
cell biology,
protein engineering,
computer science,
…

Structural characterization of proteins
Common technique
Macromolecular
crystallography
NMR

Recent advancement

SAXS/SANS
Cryo-EM SPA

Computational modeling

! Captures atomic resolution detail of stab
! Data can be fit into SAXS/molecular dock
! Captures atomic detail of small, flexible
! Data can be fit into SAXS/molecular dock
Provides overall protein complex shape that
! Captures high-resolution stable and lowe
that can be fit into SAXS/molecular dock
! Data can provide overall shape to be fit w
Detailed atomic subunit predictions which c
or used in MX analysis

Identification and characterization of protein–protein interactions
Common technique
Co-IP
Isolates strong protein interactions using affi
MS
FRET
Determines domain positioning or how two
fluorophores
Recent advancement
XL-MS
Captures strong and weak interacting partne
in proximity to each other
Molecular docking
Uses structural data and surface predictions
Proximity labeling
Identifies proteins that come within 10 nm o
Contextualization of protein–protein interactions
Future of ISB
Whole-cell cryo-ET
Single-cell cryo-EM
XL-MS and cryo-EM SPA

! Determines nanometer-scale resolution o
! Provides a snapshot of transient interact
! Identifies transient and stable protein co
! Atomic resolution can be reached if ther
Traps transient and stable protein complexes
with cryo-EM SPA

(Ziegler et al, CSBJ, 2021)
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such as pathways and organelles—along the path from structure to function.
Rosa Viner, Ph.D.
Manager, Integrative Structural Biology Program
Thermo Fisher Scientific
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Mass Spectrometry (MS)

Mass Spectrometry (MS)

Fig. 1. A timeline for milestones along the path from protein (Robinson,
folding to GPCRs.PNAS,
(Left to Right)
In the 1990s our research was focused on developing hydrogen
2017)
deuterium exchange methodologies to monitor the folding of proteins, capturing folding intermediates (7) and probing their interactions with molecular
chaperones (8). Transmission of an intact GroEL14-mer using instrumentation modified in our laboratory was an exciting milestone for us because it dem-
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Methods,
Fig. 1. Structural Mass Spectrometry. Summary of structural
mass spectrometry
methods, workflows
and 2018)
the information obtained from each experiment. Native MS and
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Wrap a fragment of 150bp.
Left-handed
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Case Study: Epigenetics
Histone variants

Epigenetic factor

Case Study: Epigenetics
Post-translational modifications of histone
proteins
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Phosphorylation of serine and threonine residues
Acetylation of lysine residues
Mono-methylation of K20 is linked to gene
silencing.
Methylation of arginine residues.
*Tri-methylation of lysine 4 is found in the promoter
region of actively transcribed genes.
*Tri-methylation of lysine residues 20, 9
and 27 is linked to repression of gene
expression.
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Case Study: Epigenetics by X-ray crystallography
(Jacob et al. 2014)
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Let’s RECAP what we have seen so far….

Case Study: Epigenetics by X-ray crystallography
PHD binds H3 N-terminus or SET
PHD domains enhance
activity of ATXR5/6 on NCPs

preferentially binds unmethylated
H3 K4
(Bergamin et al. 2017)

(Bergamin et al, Nuclear Acids Res, 2017)

COMPASS Histone H3K4 Methyl
Complex

Case Study: Epigenetics by cryo-EM
Graphical Abstract

Figure 2. Cps50 Serves as the Assembly and Regulatory Hub for COMPASS
(A) Interaction map of Cps50 with its partners. Regions 1–4 span sequences as follows: (1) 348–351 aa, (2) 352–366 aa, (3) 367–376 aa, and (4) 387–409 aa.
(B) Cryo-EM density map (colored in blue) of the Cps50 C-terminal region, which contacts most of the COMPASS subunits.
(C and D) Close-up views of Cps50 interaction sites with Cps30 and SET domain (C) and Cps60 and SET domain (D). The residues involved in protein-protein
interactions modeled according to EM map features, homologous structures, and biochemical data are shown as sticks in (C) and (D). The Cps50 residues
involved in interactions are shown in their corresponding EM density (wire frame).
(E and F) Representative mutagenesis analysis of H3K4 methylation profiles from yeast cells with mutated Cps50 (E) or Cps60 (F), respectively.
See also Figures S4, S5, and S6.

(Qu et al, Cell, 2018)
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Case Study: Epigenetics by chemical reporters

(Li & Li, Acc Chem Res, 2021)

Case Study: Epigenetics by NMR, SAXS & cross-linking
NMR

Chemical
cross-linking

SAXS

* SAXS: small-angle X-ray scattering
* MLL: mixed lineage leukemia

(Kaustov et al, Nucleaic Acids Res, 2019)

Case Study: G protein signaling
GPCR: G protein-coupled receptor

(Li et al, Nature, 2002)

Case Study: G protein signaling

(LCLS) would improve data quality given the advantages of intense
and very short XFEL pulses for micrometre-size crystals. In the LCPSFX method, a stream of gel-like LCP with fully hydrated microcrystals runs continuously in vacuum across the 1.5-mm-diameter XFEL
beam, which delivers 120 X-ray pulses per second with less than 50 fs
pulse duration and sufficient intensity to capture crystal diffraction
patterns with a single pulse. Within ,12 h of run time, we collected
over 5 million detector frames, of which 22,262 had more than 40
diffraction spots as determined by the Cheetah hit-finding software37.

free
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Case Study: GPCR by X-ray crystallography
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Case Study: Assembly of GPCR-G protein complex
X-ray crystallography
Cryo-EM

(Du et al, Cell, 2019)

Case Study: Assembly of GPCR-G protein complex
Mass spectrometry (HDX-MS & HRF-MS)
* HDX: hydrogen/deuterium exchange
* HRF: hydroxyl radical mediated protein footprinting

(Du et al, Cell, 2019)

Case Study: Assembly of GPCR-G protein complex

Case Study: Assembly of GPCR-G protein complex
Proposed Model

(Du et al, Cell, 2019)

Outlook: in situ structural characterization

(Ziegler et al, CSBJ, 2021)

Outlook: Integrative Structural Biology Strategies

