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Epicenter for Interdisciplinary Nanoscience Research at Harvard: 
LABORATORY FOR INTEGRATED SCIENCE AND ENGINEERING (LISE)

• CNS serves as a one-stop shop for all things
“Nano/Quantum”

• CNS serves as a important regional, nanoscience
community resource.

• CNS serves to support the primary innovation thrusts
within the Harvard research community and beyond.

• CNS are initiating new training and educational
programs to engage larger numbers of undergraduates,
non-traditional, and underserved external users, in
nanofabrication, advanced characterization and
advanced imaging techniques. New efforts in Quantum
Material Science and Quantum Engineering.

• CNS is developing a number of new experimental
platforms expanding our experimental capabilities;
particularly to study Quantum systems (example, LT
Scanning probe Microscopy/Spectroscopy and Low
Energy Electron Microscopy (LEEM) platforms.)

• CNS now offering additional support for new Start-up
companies and is establishing alliances with local
incubators technology.

CNS Activities: Overview 2018

William L. Wilson
Executive Director

Robert Westervelt
Director
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CNS Site overview

Oxford ICP-RIE

New Staff* New tools:
• Wire bonder
• Oxford ICP- RIE
• PVD System
• Fusion Splicer

Driving renewal of workhorse tools

New Instruments:
• Thermo Electron NEXSA 

XPS/UPS
• Nicolet IS50 FTIR
• JEOL Analytical SEM

Exploring ”greenfield” upgrade of 
SEM instrumentation

*This year we are 
supporting 3 REV

Academic Year Interns
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Harvard CNS User Data
Yearly User Data Comparison

Year	1*	 Year	2* Year	3*
(6	months)

Total	Users 1246 1357 944
Internal	Users 673 697 538
External	Users 573	(46%) 660	(49%) 406	(43%)
External Academic 0 489 285
External	Industry 0 170 120
External	Government 0 0 0
External	Foreign 0 1 1

Total	Hours 174,710 183,117 87,003
Internal	Hours 124,256 127,323 63,021
External	Hours 50,454	(29%) 55,794	(30%) 28,982	(28%)

Average	Monthly	Users 511 526 518
Average	Ext.	Monthly	Users 201	(39%) 204	(39%) 195	(38%)

New	Users 415 429 203
New External Users 199	(48%) 207	(48%) 96	(47%)

CNS has an annual Spring 
re-enrollment process

(3/2018); Cumulative total 
is often not maximum 

active at the end of the 
grant year.
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Harvard CNS User Data

Internal/External User Affiliations All User Disciplines

Harvard
52%

Other University
34%

4-year college
1%

2-year college
0%

K-12
0%

Small Company
9%

Large 
Corporation

4% State or Federal 
Government

0%

International 
Institute or 

Corporation
0%

Physics
23%

Optics and 
Photonics

18%
Materials

17%

Electronics
14%

Life Science
9%

Chemistry
8%

MEMS
4%

Mechanics
3%

Medicine
1%

Process 
Technology

1%

Geology and 
Earth 

Science
1%Other
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CNS RESEARCH FOCUS AREAS

QUANTUM SCIENCE & ENGINEERING:

QUANTUM OPTICS; QUANTUM SPIN SYSTEMS, QUANTUM

INFORMATION SYSTEMS AND DEVICES

NANOOPTICS, NANOPHOTONIC DEVICES, NANOSPECTROSCOPY

QUANTITATIVE BIOLOGY:

NANOMECHANICS; NANOSCALE STRUCTURAL ANALYSIS

BIOENGINEERING (TRANSLATIONAL BIOSCIENCE):

ADVANCED IMAGING (CRYOEM)
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CNS CORE FOCUS AREAS

QUANTUM SCIENCE & ENGINEERING:

QUANTUM INFORMATION SCIENCE; QUANTUM MATERIAL SYSTEMS; ENGINEERED CONDENSED MATTER PHYSICS:

SUPPORTED WORK INCLUDES: (in all work, CNS is enabling; training all researchers in tool and instrumentation use and often

helping/supporting experimental design.  CNS has strong synergy with the Center for Integrated Quantum Materials)

Ø STRAIN ENGINEERING IN NV-CENTER DIAMOND / NV-CENTER QUANTUM EMITTERS

Ø TOPOLOGICAL INSULATORS; 2D MATERIALS AND DEVICES

Ø UNCONVENTIONAL SUPERCONDUCTIVITY IN MAGIC-ANGLE GRAPHENE SUPERLATTICES

Bilayer Graphene Superlattice R vs T behavior;
Jarillo-Herrero et al, Nature V556, 43-50 (2018)

High-Q nanobeam photonic crystal cavity from
Loncar et al, Nano Letters, V18 (2) 1360 (2018)
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CNS CORE FOCUS AREAS

BIOENGINEERING (TRANSLATIONAL BIOSCIENCE):
SUPPORTED WORK INCLUDES:

Ø MICROELECTRODES FOR SPATIALLY OVERSAMPLES NEURAL RECORDING

Ø CRYO-TEM OF INFLAMMOSOME

Ø STRUCTURAL ANALYSIS OF THE HIV TRIMER

ü CNS INSTRUMENTATION USED FOR ALL IMAGING AND SAMPLE PREP

ü CNS STAFF CO-DEVELOPED AND ASSISTED PROCESSES/METHODS USED

ü CNS FULLY TRAINS USERS FOR CRYO WORK

Fig. S1. Cryo-EM imaging and resolution assessment. (A) Two typical 4k × 4k micrographs of the purified HIV-1JR-FLEnv(-)ΔCT trimers protected by the Cymal-6
detergent and embedded in a vitreous ice film. The micrograph shown is low-pass filtered at 1.0 nm. A number of candidate single-particle projections of the
Env trimer are highlighted by white circles. Defocus of the micrograph is ∼3 μm. (B) Gallery of selected typical class-average images after initial alignment and
2D refinement. Note the improved structural details not evident in the raw images and not apparent in the previously reported lower-resolution model (1). (C)
Resolution measurement of the cryo-EM structure of the HIV-1JR-FLEnv(-)ΔCT trimer, using both the conventional FSC approach at FSC-0.5 cutoff and the gold
standard FSC approach at 0.5 cutoff. The conventional FSC (black curve) was calculated between two separate reconstructions, each generated from a ran-
domly divided half of the entire dataset, both of which were refined with a single common reference. The gold standard FSC (red curve) was calculated
between two half-set reconstructions that were refined independently with two fully separate references. The conventional FSC at 0.5 cutoff yielded a slightly
higher estimate of resolution compared with the gold standard FSC at 0.5 cutoff. The reported resolution is based on the gold standard FSC approach.

Mao et al. www.pnas.org/cgi/content/short/1307382110 3 of 10

secondary structure elements and, in conjunction with available
structural information, to approximate the tertiary organization of
Env (Fig. 1). However, as expected, the adjacent strands within the
β-sheets were not separable at this resolution. Connecting loops
often exhibited poor clarity or were not separable from nearby
structures, preventing a complete backbone trace from being
unambiguously derived at the current resolution. In addition to
the appearance of features indicative of secondary structure ele-
ments, the rigid-body fitting of the X-ray crystal structure of the
gp120 outer domain into the density supports the validity of the
cryo-EM reconstruction (see below).

Overview of Env Molecular Architecture. The gp120 and gp41 sub-
units and their intersubunit interfaces were discernable and ap-
proximately defined by map segmentation (Fig. 1 C and D). The
gp120 subunit demonstrates three domains: the outer domain,
inner domain, and trimer association domain (TAD). The gp41
subunit is composed of the ectodomain and the membrane-
interactive region, which includes a long membrane-spanning
helix. The gp120 inner domain and themembrane-distal end of the
gp41 ectodomain mediate the gp120–gp41 interactions within
each protomer. The interprotomer interactions that potentially
stabilize the unliganded Env trimer are limited to three regions: (i)
the gp41 transmembrane region is involved in a trimeric interface
within the viral membrane; (ii) the gp41 ectodomain forms di-
meric contacts between adjacent protomers, creating a torus-like
topology; and (iii) the gp120 TAD mediates interactions among
the gp120 subunits at the membrane-distal end of the trimer.
Remarkably, this arrangement of interprotomer contacts
leaves a large empty space surrounding most of the trimer axis.

Unliganded gp120 and CD4-Induced Conformational Changes. The
CD4-bound gp120 core consists of an inner and outer domain, as
well as a bridging sheet (16). The full-length unliganded gp120
subunit shown in our cryo-EM map exhibits a conformation dif-
ferent from that observed in the CD4-bound gp120 core (16). The
improved resolution of the current map allows positioning of the
secondary structure elements in gp120 and a detailed assessment
of the conformational changes collectively associated with Env
cleavage and CD4 binding (25–28).
Multiple crystal structures of the monomeric gp120 core in-

dicate that the conformation of the outer domain is minimally
affected by ligand binding (15, 16, 29–32). Consistent with this, the
crystal structure of the outer domain from the CD4-bound gp120
core fit well into the cryo-EM density as a rigid body (Fig. 2 A and
B, Fig. S3 A and B, and Table S1). Two gp120 elements, the β20/
β21 strands and the V3 variable region, project from the same
β-sheet in the outer domain (16). Density associated with these
elements is evident in the cryo-EMmap, and the size difference of
these elements (∼14 residues vs. 35 residues, respectively) allows
their provisional assignment. In the unliganded Env trimer, the
β20/β21 strands project toward and abut the gp120 inner domain,
whereas the V3 region joins the gp120 TAD. Upon CD4 binding,
β20/β21 becomes part of the bridging sheet, and the V3 region is
redirected toward the target cell, where it engages the chemokine
receptor (33).
In contrast to the outer domain, the crystal structure of the gp120

inner domain did not fit into the cryo-EM density as a rigid body.
However, we approximated the secondary structure organization of
the gp120 inner domain in the cryo-EM map by flexibly fitting the
crystal structure of the gp120 inner domain in the CD4-bound
conformation to our cryo-EM map (Fig. 2 C–E). Although the
limited resolution precludes a complete backbone trace of the gp120
inner domain, most of the secondary structure elements in the CD4-
bound gp120 inner domain seem to be retained in the cryo-EM
structure of the unliganded Env trimer (Fig. 2 C and D, Fig. S3 C
and D, and Table S1). However, comparison of the secondary
structure organization of the gp120 inner domain between the
unliganded precursor and CD4-bound states suggests marked dif-
ferences in the tertiary arrangements of these secondary structure
elements (Fig. 2 E and F and Fig. S4). Relative to the gp120 outer
domain, the β-sandwich in the gp120 inner domain is rotated by∼60°
in the unliganded precursor state compared with the CD4-bound
state (Fig. 2 E and F). The α0, α1, and α5 helices are rotated ∼110°,
40°, and 60° relative to their orientations in the CD4-bound con-
formation, respectively (Fig. S4). These observations are consistent
with previous studies suggesting that layered movement occurs
within the gp120 inner domain upon CD4 binding (17, 25, 28).
A recent study suggested that the bridging sheet (β2/β3 and

β20/β21), which was observed in the crystal structure of the mo-
nomeric gp120 core in the CD4-bound state (16), is not well
formed in the unliganded full-length gp120 monomer in solution
(34). Consistent with this suggestion, flexible fitting of the CD4-
bound gp120 core structure to our unliganded Env precursor map
failed to maintain the bridging sheet in its CD4-bound confor-
mation (Fig. 2E and Fig. S3). Instead, the β2/β3 motif, from which
the gp120 V1/V2 region emanates, must extend from the inner
domain toward the trimer axis to accommodate the folding of the
V1/V2 and V3 regions (see the following section) (Fig. S3 E and
F). The map density associated with β20/β21 suggests that it
projects from the outer domain toward the inner domain, oriented
nearly orthogonally to β2/β3 (Fig. 2 D and E). Thus, both the
bridging sheet and the inner domain represent dynamic elements
of the gp120 subunit, undergoing significant changes in confor-
mation in response to CD4 binding.

Architecture of gp120 Trimer Association. Previous studies have
suggested that the gp120 V1, V2, and V3 regions (20, 23, 24) are
located at the membrane-distal apex of the Env spike and
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Fig. 1. Architecture of the HIV-1 Env trimer. (A) Cryo-EMmap of the HIV-1JR-FL
Env trimer in a surface representation, viewed fromaperspective parallel to the
viral membrane. (B) Cryo-EMmap of the HIV-1JR-FL Env trimer, viewed from the
perspective of the target cell. (C and D) Domain organization of the Env pro-
tomer, revealed by segmentation of the density map. The gp120 domains are
colored as follows: outer domain, blue; inner domain, orange; and TAD, red.
The gp41 domains are colored as follows: ectodomain, green; and trans-
membrane region, cyan.

Mao et al. PNAS | July 23, 2013 | vol. 110 | no. 30 | 12439
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Structural analysis of HIV Trimer; Y. Mao et 
al., PNAS, 110 (2017) 12438

Structural analysis of human 26S proteasome; 
Wu et al., Proc. Natl. Acad. Sci. U S A 2016, 113, 12991-12996

Microelectrode for Neural Sampling; 
Boyden et. Al., IEEE TBME (2016), 10.1109/TBME.2015.2406113
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During last year (Calendar 2017) 135 publications by CNS users
57 Conference Proceedings, 13 reported Patents
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CNS Education Outreach Activities
REU program : Note: project offerings from entire userbase, both internal 

and external (all participated in NNCI Convocation); 

Research Experience Veterans – staff serves as mentors
(some interns carried through school year, all participated in NNCI 

Convocation)

*CNS offers Summer Research Training and Program 
support for CIQM and other NSF funded efforts –

Advanced research opportunities for Ugrads from external, 2 and 4yr institutions; 
several summer students from Europe/ Costa Rica.                                                                             

*REV activity has been Bunker Hill CC based – Advanced 
training for returning Vets; research opportunities with Harvard Faculty (summer experiences identical to REU 

participants                  
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Sarah McDonald and her mentor Daryl Vulis are 
fabricating zero-index metamaterials using RIE.

Mike Hoeft and Dr. Andrew Gross are crafting 3D 
nanostructures using NanoScribe

Isabel Castillo is doing photolithography for 
fabricating microfluidics devices.  

CNS staff heavily engaged with students 
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CNS ”Start-up Boot 
Camp” planned for 

Spring 2019

“Visiting local incubators 
developing relationships”

CNS Start-up Community Outreach
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Annual CNS Open House and Poster Session

Best Poster winners:
Anqi Zhang - Lieber

Srujan Meesala - Loncar
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Renewed Focus on Technological Sustainability:

Leasing for Sustainability: 
Cleanroom Hitachi SEM 
Hyperspectral Raman 
Laser Cutter 
Fab tools – (PECVD / RIE)
New XPS/UPS

Proposals:
NIH High-end SIG Micro-CT (waiting)
MRI - LEEM (Bell) - Funded
MRI – LT Scan Probe System (Hoffman) - Funded
DURIP – LT Nanoscale Spectroscopy Platform (Submitted)

Leveraging Start-up: New High Resolution, 
Aberration Corrected Microscope 

(PO submitted / room near completion / FY20) 

Problem: Turnover of Workhorse Equipment
Exploring ALL possibilities 

Establishing Vendor Partnerships – Hitachi; Elionix
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Network-Wide
• Participation in subcommittees and working groups, resulting in 

shared reports and best practices; Key senior staff heavily involved in 
many technical information sharing efforts, Imaging, Advanced ALD Processing, 
Photolithography

• Attendance at REU convocation and NNCI annual conference
Multi-Site
• User project triage/support and staff technical interactions
On Behalf of the Network
• Hosting International NNCI Workshop on Scanning Probe 

Spectroscopy/Imaging (Oct. 2018)
• Electron  Microscopy Summer School (completed first year)

• Planning “Start-up Boot Camp” this Spring (in planning stages)

NNCI Cooperative Network Activities
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Programs to engage life science 
users:

Partnership with Catalyst offering 
instrumentation/ fabrication

funding for Translational Bioscience 
Research using CNS

NSF Center and other Scientific SYNERGIES

Partnership with NSF STC: CQIM, 
offering instrumentation/ complex 

fabrication expertise.
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CNS RESEARCH FOCUS GROWTH AREAS

FUTURE RESEARCH DIRECTIONS

QUANTUM SCIENCE & ENGINEERING:

QUANTUM MATERIALS; QUANTUM SPIN SYSTEMS/DEVICES,  

QUANTUM INFORMATION SCIENCE AND DEVICES

QUANTUM SENSING

QUANTITATIVE BIOLOGY:

NANOMECHANICS; NANOSCALE STRUCTURAL ANALYSIS

BIOENGINEERING (TRANSLATIONAL BIOSCIENCE):
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Thank you!
Questions?


