OMICS Group International is an amalgamation of Open Access
publications and worldwide international science conferences and
events. Established in the year 2007 with the sole aim of making the
information on Sciences and technology ‘Open Access’, OMICS Group
publishes 500 online open access scholarly journals in all aspects of
Science, Engineering, Management and Technology journals. OMICS
Group has been instrumental in taking the knowledge on Science &
technology to the doorsteps of ordinary men and women. Research
Scholars, Students, Libraries, Educational Institutions, Research
centers and the industry are main stakeholders that benefitted greatly
from this knowledge dissemination. OMICS International also
organizes 500 International conferences annually across the
globe, where knowledge transfer takes place through debates, round
table discussions, poster presentations, workshops, symposia and.
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OMICS International is a pioneer and leading science event
organizer, which publishes around 500 open access journals and
conducts over 300 Medical, Clinical, Engineering, Life

Sciences, Pharma scientific conferences all over the globe annually
with the support of more than 1000 scientific associations and 30,000
editorial board members and 3.5 million followers to its credit.

OMICS International has organized 500 conferences, workshops
and national symposiums across the major cities including San
Francisco, Las Vegas, San Antonio, Omaha, Orlando, Raleigh, Santa
Clara, Chicago, Philadelphia, Baltimore, United
Kingdom, Valencia, Dubai, Beijing, Hyderabad, Bengaluru and
Mumbai.
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Introduction: 'H HR-MAS NMR is a powerful technigue
for metabolic profiling on intact biological tissues
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HR-MAS iIs an excellent technique
but the followings:

eProduction of a 100% leakage free sample rotor for HR-
MAS is challenging due to the use of a sample spinning
rate of a few kHz or more.

eThe large centrifugal force associated with fast sample
spinning is destructive to the tissue structure and even
some of the cells.

eDifficult to spin a large tissue sample (300 mg or more)
to the desired spinning rate required for hr-MAS analysis.

e \Work with small volume sample, e.g., ~1.0 ul or less is
challenging.



Our Research Objectives
Develop an alternative MAS NMR that

» Provides high resolution, high sensitivity tH
NMR metabolic profiling on biological
tissues

» |Is capable of non-, or minimally destructive
detection
» Can work on samples with size as small as

~0.2 ul (200 nl) to as large as > 1 ml using
a single probe.



Our Approach

Combining the techniques of

 High resolution slow-MAS |
NMR technique and

»  Switchable inductively coupled
static micro-RF coll resonator



New Slow-MAS (40-200Hz) Pulse

Sequence for High Resolution *H NMR
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Switchable Micro-RF Colil Slow-MAS Probe

Two Optical Micro-LC Two bearing
channels (b) resonator systems

Rotor and sample
tube assembly

(a) Small samples of variable sizes; (b) Switchable plastic plug with a micro-LC
resonator for enhanced sensitivity; (c) Large biological objects.

eProvides smooth sample spinning of various sample sizes
e\\Vork with anisotropic biological samples



Procedures for constructing the Micro-RF
Coil LC resonator
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Features of the probe

Static micro RF-Coil is wound inside the coil -
support for maximizing the filling factor.

Inductive coupling between the micro coll and
the outer coil for increased sensitivity due to
iIncreased sample filling factor from the micro
coll resonator.

Magnetic susceptibility matched wires are used
for winding the micro coll for best B field
homogeneity.

—
—

Easily switch the plug with micro-RF coill
resonator of different ID to accommodate a

range of sample sizes using a single probe.




The simulated magnetic field for a given input

RF power

Magnetic field strength
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The magnetic field with
the inner micro-RF coll
resonator I1s 20 times
that without the Inner
micro-RF coll resonator.



The effect of turns used for winding the RF coils and the effect of

copper Wires for Winding the RF coils {0 the B, field inside the micro RF

One large coil only none
OD=5 mm, length=12 mm, wire diameter=1 mm

5 none 27

6 none 46
Two RF coils, varying # of turns for inner coil 5 4 343
Quter Coil: OD=5 mm, Length=12mm, wire = 5 413
diameter=1 mm.
Inner Coil: ID=1mm, length=0.8mm, Wire ° 6 404
diameter=0.1 mm
Two RF coils, same # of turns for both outer and 4 4 334
inner coﬂ : - 5 413
Outer coil: OD=5mm, length=12mm, wire

6 6 357

diameter=1mm

Inner coil: ID=1mm, Length=0.8mm, wire
diameter=0.1mm

Two RF coils: varying the OD of outer, varying ID of 5 0.6 591
inner coil but keep the # of turns the same (i.e., 5) for - 1 413
both coils
Outer Coil: Turns = 5, Length=12mm, Wire 3 1.25 685
Diameter=1mm 10 0.6 277
Inner Coil: Turns =5, Length=0.8mm, Wire = 1 194
Diameter=0.1mm

10 1.25 202

Note that for this table the outer RF coil is at resonance of 300 MHz and
the resonant frequency of the inner micro RF coll is set at the optimum
conditions so that maximum B, field inside the inner micro RF coil is

13 obtained.



Theoretical relationship: B,(inner coil)/B,(outer colil) vs
the resonant frequency of the inner micro-LC circuit

Larmor
Frequency (A) 300 MHz (B) 400 MHz (C) 500 MHz
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The tuning frequency of the inner micro-LC circuit (MHZz)

Outer RF coil (4 turns, coil length of 12 mm that is wound with copper wire of
diameter of 1 mm);

Inner micro-RF coil (4 turns, coil length of 1 mm that is wound with copper wire of
diameter of 0.1 mm).
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Performance test results of the
Inductively Coupled Micro-coll
Resonator (one example)

Outer RF Coil: 3 turns flat; ID: 12.6 mm; OD: 13.8
mm; width: 1.2 mm; Coil length: 9 mm.

Inner micro RF Coil: 6 turns Pd plated OFHC
Cu AWG wire; ID: 1.3 mm; OD: 1.7 mm; Length:

~2.7 mm.

n/2 pulse width for a given RF power at the probe

Without micro-coil: 12.5 us at 28 W
With micro-coil: 3.75 us at 0.6 W
Estimated S/N enhancement by using micro-colil: ~22



Slow-MAS Preliminary Results

Small volume biological tissue: 2.6 _

minutes H slow-MAS NMR spectra of Metabolite peaks are
200 nanoliter (~0.2 mg) muscle from an mainly from triglycerides
obese mouse acquired at a sample
spinning rate of 147 Hz (bottom trace)
compared with spectrum acquired using -
standard method (top trace). Significant 10 9 8 7 6 5 4 3 2 1 0 -1ppm
spectral resolution enhancement is

obtained with slow-MAS.

Static
Large volume biological tissue:
1005 mg mouse brain 1H-PASS at
83Hz. 16 evolution steps; total
experimental time of 38 minutes Slow-MAS

T T rrrrr'rrri
10 8 6 4 2 0o -2
ppm
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300 MHz 'H NMR spectra obtained from a
2.5 UL mouse urine sample.

(a)

Static NMR

1 : 4.0 3.0 2.0 1.0
. 5.0
80 Hz Slow-MAS
[ | | { I I | | { I I
10 8 6 4 2 0




Non, or minimal destructive slow-MAS 'H NMR
metabolomics on alive pill bug at a sample spinning
rate of 82 Hz compared with fast-MAS of 4033 Hz

(c)

4033 Hz fast MAS MM l

82 Hz Slow-MAS
1

TTTy YT T TTI T[T T[T I T[T T [TTT[TT1
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Note that slow-MAS is performed first before fast
MAS experiments.
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Summary

A slow-MAS metabolomic technique is under developmet
that allows high resolution *H NMR metabolic profiling on
samples with volume as small as 0.2ul (200 nanoliters) to
larger than 1 cm?3 investigated using a single probe.

The nanoliter capability has the potential to follow the
metabolic changes through a continued investigation on a
single small laboratory animal over a long period of time
using minimally invasive blood and tissue biopsy samples.

The milliliter capability would allow minimally destructive
studies of intact biological object with size as large as >1
cms3,

Slow-sample spinning avoids fluid leakage and keeps the
Integrity of the biological sample. Itis a non-, or minimally

Invasive method and is also a safe method for working with
hazardous biological samples.
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We welcome you all to our future conferences of
OMICS International

Please Visit:

www.metabolomicsconference.com
www.conferenceseries.com

http://www.conferenceseries.com/clinical-research-
conferences.php
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