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Fragment-based drug discovery is a powerful method to identify drug-like candidates in the
early stages of drug discovery. In recent years, NMR has been used extensively in FBDD. In
this training course, we will briefly introduce how to apply NMR in fragment screening.



Part I: Lectures ,GRC 1F Aditorium, Academia Sinica

09:40- R e g i s t r a t i o n

10:00-10:30 O p e n i n g  &  I n t r o d u c t o r y  O v e r v i e w

10:30-11:00 F r a g m e n t - B a s e  S c r e e n i n g  U s i n g  N M R  ( I )

11:00-11:20 B r e a k

11:20-12:00 F r a g m e n t - B a s e  S c r e e n i n g  U s i n g  N M R  ( I I )

12:00-13:30 L u n c h  B r e a k

13:30-14:00 S e t t i n g  u p  L i g a n d - O b s e r v e d  N M R  E x p e r i m e n t s   

Part II: Practical Hands-On, GRC NMR(1F,GRC) & HFNMRC(B2,IBMS)

14:00-14:10 B r e a k

14:10-17:00 Hands-On



Opening & Introductory Overview

-News from High-Field NMR Center
-Brief Introduction on HFNMRC



HFNMRC News: AV500 is upgraded to AVANCE NEO 500



What’s new for NEO ? 
 NEO must use Topspin4.x or higher version 

NEO 必需使用Topspin4.x 以上版本操作

 Routinely used commends are the same as Topspin2.x or Topspin3.x
指令與Topspin2.x or Topspin3.x 相通

 Interface is different but not too difficult to follow  
介面稍有不同, 熟悉即可

 HFNMRC Standard  Experiments and SOP are the same
實驗設定方式與本核心其它NMR相同



Autosampler in HFNMRC : New and Old 

NEO 600
(SampleCase-24 samples -2022)

With TCI Cryoprobe
(1H/13C/15N)

AVIII600
(SampleCase-60 samples -2023)

With TCI Cryoprobe
(1H/13C/15N)



Attention when using SampleCase:
(1)Pay attention on the length of your sample tube !!

From the top of spinner to the top of tube <9.5cm
注意樣品管高度!! 樣品管不可突出spinner 9.5cm以上!!

(2) Manually switch sample command : sx # 
# your sample position , or empty position 
手動變更樣品指令: sx # ( 取出時可轉到沒有樣品的空號即可!!)

(3) To learn icon-NMR for automation, please contact us!
如欲學習設定icon-NMR, 請洽核心人員



How to use “SampleCase” & Topspin4.x
 SampleCase(24 on NEO600, Please see video ), SampleCase(60 on AVIII600)
安裝自動送樣機 (影片介紹)



NEO500_IBMS
(SampleXpress-60 samples)

With QNP Cryoprobe 
(1H/13C/19F/31P)

•The SampleJet has five positions for well-plate sized 
NMR tube racks. This allows the handling of batches 
with up to 480 sample tubes.

•With Cooling capability

AV800_IBMS
(SampleJet-480 samples)

With TXI Cryoprobe 
(1H/13C/15N)



NMR Install Probe Head Nuclei Detection Remarks

AVIII850 2010
TCI_CRYO 1H/13C/15N The highest NMR 

Field in TaiwanTXI_regular 1H/13C/15N

AV800 2004
TXI_CRYO 1H/13C/15N

Sample Jet (480)
TXI_regular 1H/13C/15N

AVIII600 2008 TCI_CRYO 1H/13C/15N Sample Case (60)

(AV600)
NEO600

(2003)
2021 TXI_CRYO 1H/13C/15N Sample Case (24)

AV600_CHEM 2002
QXI_regular 1H/13C/15N/31P

*Simultaneous 
decoupling on 1H/19F*TBO_regular 1H/19F/BB

(AV500)
NEO500

(2009)
2022

*QNP_CRYO 1H/13C/31P/19F
Sample Xpress (60)

TXI_CRYO 1H/13C/15N

High Field NMR Center ( www.nmr.sinica.edu.tw)



NMR Probes S/N ratio in HFNMRC

Regular Probe* 1H (EB) Others
500MHz_TXI 450 
600MHz_TXI 1,218 
600MHz_BBO 465 465 (13C)
600MHz_QXI 1,193 85(31P)

600MHz_TBO 750 330(13C)
950(19F)

800MHz_TXI 2,077 

CRYO Probe* 1H (EB) Others 
500MHz_TXI 4,196 

500MHz_QNP 2,000 
1,000 (13C)
1,197 (19F) 
1,400 (31P)

600MHz_TCI_005 5,700 710(13C)
600MHz_TCI_121 6,530 950(13C)
800MHz_TXI 6,200
850MHz_TCI 8,500 1,600(13C)

*Signal to Noise (S/N )value @ installed date

NMR & Probe Topspin 1H (EB) Others

NEO500_IBMS
( Cryo QNP) TP4.x 2,000 

1,000 (13C) 
988 (31P)

1,000 (19F)

AVIII600_IBMS
(Cryo TCI_005 )

TP2.x  
TP3.x 5,700 710(13C)

NEO600_IBMS
(Cryo TCI_121) TP4.x 6,530 950(13C)

AV600_CHEM
(regular TBO) TP2.x 406

377(13C) 
241(31P)
342(19F)

AV800_IBMS
(Cryo TXI) TP2.x 6,200 N/A

AVIII850_IBMS
(Cryo TCI)

TP2.x
TP3.x 8,500 1,600(13C)

Currently installed system/Software



NMR Researches Across Diverse Fields

 Physics  (fundamental)

 Chemistry 

 Biology/ Biochemistry  

 Material Science

 Food Science

 Pharmaceutical Research 

 Medical Science 

 Maybe many other more…..



Service in GRC NMR Lab & 
HFNMRC, Academia Sinica

 Operate and maintain a state-of-the-art high field 
solution NMR core facility

 Provide high level technical supports to users

 Train users in applying advanced NMR techniques 
(Training Course, Workshops)

 Develop advanced NMR techniques

 Collaboration with researchers



Type of Service Description

Regular/Basic 
Service Mode

Data acquisition, experimental set up , 
technical consultation etc. but no data 
analysis

Collaborative Mode

facility members will work with 
collaborator on project design, 
planning, data analysis, structure 
determination and interpretation ……

Operation Mode



Information on web

homepage for user’s information

Schedule on the web

spectrometer reservation

Simple Operation Manual

step by step instruction 

Useful Experiments

1D, 2D, 3D,  homo-, hetero- nuclear

NMR Experiments  

User-friendly Platform

Result Output

Data Analysis

NMR related Software

update and short instruction

Data Processing

Parameters setting 

expt/proc. parameter setting



Group Account

User’s Account 

Spectrometers time 
reservation

Data collection
-self operation

- operator operate

Data transfer

Technical support
Data analysis

Service Flow Chart

AS reservation system
https://reservation.iis.sinica.edu.tw/se
rvlet/SignInHandler
(self-booking, 3-days rule)
(1) NEO500
(2) NEO600
(3) AVIII600
(4) AV600_CEHM

HFNMRC booking
www.nmr.sinica.edu.tw
(E-mail booking, 2-weeks rule)
(1) AV800
(2) AVIII850

HFNMRC  
www.nmr.sinica.edu.tw
-Web Information 
-Booking System



Applications of NMR
- What can NMR do?-

Experiences from Facility Users



Users Apply NMR mainly for the following….. 

• Compound Identification / Structure Determination 

• qNMR (Concentration/Purity of small molecules)

• Molecular Interactions (Protein-Protein, Protein-ligands……)

• Molecular Dynamics Studies

• Probing macromolecular folding and disordered states.

• Fragment Based Screening by NMR 

• Metabonomics Researches ( Human, E-coli, Perfused heart, 
Plant….)

• Food Analysis ( oil, wine….)



Fragment-base Screening using NMR

-What is Fragment-base screening? 
-Why Fragment-base screening? 
-How HFNMRC can help ?



 Fragment-based lead discovery (FBLD) also known as fragment-based 
drug discovery (FBDD) is a method used for finding lead compounds as 
part of the drug discovery process. 

 FBLD can be compared with high-throughput screening (HTS). In HTS, 
libraries with up to millions of compounds, with molecular weights of 
around 500 Da . are screened, and nanomolar binding affinities are 
sought. In contrast, in the early phase of FBLD, libraries with a few 
thousand compounds with molecular weights of around 200 Da may be 
screened, and millimolar affinities can be considered useful.

 Fragments are small organic molecules which are small in size and low in 
molecular weight. It is based on identifying small chemical fragments, 
which may bind only weakly to the biological target, and then growing 
them or combining them to produce a lead with a higher affinity. 

Fragment-Based Lead (Drug) Discovery

From Wikipedia



Advantages of Fragment-Based Screening

 Screening small fragments instead of large compounds
•Increase the hit rate

•Covers a greater portion of chemical diversity 

Screening with robust biophysical methods
•Reduce false positive detection & increase confidence in weak hits

•Do not require time-consuming assay development

Leads to higher ligand efficiencies
•Leading to smaller and more soluble compounds with higher chance for 

favorable pharmacokinetic properties



Front. Mol. Biosci., 05 August 2020
Sec. Biophysics
Volume 7 - 2020 | https://doi.org/10.3389/fmolb.2020.00180

Flowchart of Fragment-Based Drug Discovery

Drug Development Steps

https://doi.org/10.3389/fmolb.2020.00180


Fragment-base Screening using NMR (I)
-How HFNMRC can help? 

Fragment-baes Screening in HFNMRC

Advantages for NMR
(1) NMR studies are carried out in solution 
(2) Unmodified biomolecule and ligand can be monitored directly
(3) Mixtures of compounds can be screened by NMR



Before Screening……Selection of Fragment Library 

“Rule of three (Ro3)”

We use MAYBRIDGE Ro3 1000 in HFNMRC

Schultes, Sabine et al. “Ligand efficiency as a guide in fragment hit selection and optimization.” Drug 
discovery today. Technologies 7 3 (2010): e147-202 .



How to set up “reliably” library?

Which NMR Experiments for Screening ? 

How to set up screening condition?  

-Fragment library
-NMR Spectrum library

After screening...... 

-Ligand observation NMR

-Protein observation NMR

-Experimental conditions

-Validate Hits / Binding Sites

-Follow up “chem-is-try”

-Structure…… dx.doi.org/10.1021/ci400731w | J. Chem. Inf. Model. 2014, 54, 693−704

-Hits identify



Step 1: Collect reference Spectrum for each compound

Step 2: Construct Group Mixtures (ex: 5 compounds/ group)

Construct final “Groups” for screening 

Collect 1D spectrum for each group 

Mix ~5 compounds per Group

-1D 1H NMR no overlap
-No interaction between compounds

-1D 1H NMR to check compound purity and solubility  

HFNMRC Fragment vs. Spectra Library is ready! 
We have total 906 compounds in 195 groups!!

-Keep final concentration ~0.2mM
-Under buffer for later screening



Before start screening….  Anything else ?  

Setting sample condition!!   

NMR screening prefer common biological buffers: 

•Phosphate (pH6.5-7.5)
•d18-HEPES (pH7-8)
•d11-TRIS (pH 7-9)

Typical NMR sample for screening contain: 

•20-50mM Buffer
•0.2-0.5mM ligand 
•Ligand : protein: 5-20 fold excess, depends on MW of the target protein  

We choose PBS & d11-Tris @pH7 as our standard buffer, 
and keep [ligand]=0.2mM. 



Step 3: Start screening using mutli-experiments

Step 4: Evaluating protein-ligand interactions (Validation) 

Construct binding site for all hits

Collect 2D 15N-HSQC for each “protein-ligand”

Pick those primary hits, 
Add(titrate) to 15N-protein sample individually 

- 2-3 experiments to  check for  primary hits (exclude artifacts)  

Provide these information for user’s further characterization 

Analyze all data to identify Hits

Which NMR Experiments for Screening ? 
(Nat.Rev Drug Discov, 7,738,2008)



Which NMR properties to observe? 

Alvar D. Gossert, Wolfgang Jahnke, NMR in drug discovery: A practical guide to identification and 
validation of ligands interacting with biological macromolecules, Progress in Nuclear Magnetic 
Resonance Spectroscopy,Volume 97,2016,Pages 82-125,

• Strong relaxation effects are 
imprinted on the ligand during 
its visit to the target protein, 
and read out on the free ligand 
after it dissociates from the 
target

• With ligands in large excess, 
most ligand molecules still visit 
the target several times and 
accumulated effects  due to 
relaxation in the bound state.  
The “averaged effects” are 
measured.  

• “Transferred” effects are 
terms to describe this process 
(ex: transferred NOEs, 
transferred cross-correlated 
relaxation…. )



Relaxation-based approach (T2 or T1ρ ) 
-Transvers Relaxation effects (T2) is highly depend on molecular motions 
(rotational correlation time, τc : slower/longer cause shorter T2)  
-NMR signal line width is proportional to transverse relaxation 1/T2 (or T1ρ: mixed 
relaxation due to T1 & T2). 
-Line broadening effect (intensity drop) could be observed for bound ligand

Ligand observed : The fast Koff rate enables detection of the 
ligands which ever bound to protein and still retain the NMR 
measureable properties of “bound-form”.

Practical Aspects of Fragment-Based Screening Experiments in TopSpin
D. Baldisseri, Bruker Biospin 2018 Chemistry, Biology

https://www.semanticscholar.org/author/D.-Baldisseri/6880664
https://www.semanticscholar.org/author/Bruker-Biospin/70466340


Mary J. Harner, Luciano Mueller, Kevin J. Robbins, Michael D. Reily,NMR in drug 
design,Archives of Biochemistry and Biophysics,Volume 628,2017,Pages 132-147,

Note: due to the possible false-
positive results , “ratio of ratios” 
(relaxation factor f, f<<1 for 
binding, the binding cutoff is 
generally factor f in the presence 
of protein is 0.2 units smaller 
than in the absence of protein)



<Example of 1D 1H Line Broadening> 

<Example of 1D Relaxation Effect  > 

Blue: Free Form 
Red: Bound From
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relaxation delay (ms)

Intensity

267080.76

267135.03

254028.9456

153862.39

229197.84512

81957.06

200184.03648

25382.99



P07  T1roh

		P07_G02		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						7.8678		10		598542.56		1197422.61

								100		603611.5904016		1168418.48

								200		593490.89		1181606.55

								400		516456.49		1049022.98

						7.8489		10		598880.04

								100		564806.89

								200		588115.66

								400		532566.49

						7.3603		10		762144.70		1512318.1981319

								100		770135.24		1533666.79123674

								200		757855.58		1519741.02828543

								400		678815.0600202		1371491.83989185

						7.3449		10		750173.49

								100		763531.55

								200		761885.44

								400		692676.77987165

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						7.8264		10		598542.72		1213046.58

								100		521181.35		1066233.60

								200		517740.26		1035480.52

								400		383528.45		775304.83

						7.8116		10		614503.86

								100		545052.25

								200		517740.26

								400		391776.38

						7.3413		10		762144.40		1512317.94

								100		684299.18		1368598.36

								200		716871.13		1389490.95

								400		577354.66		1150585.36

						7.9266		10		750173.54

								100		684299.18

								200		672619.82

								400		573230.70

		P07_G09		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						6.6807		10		293295.02

								100		298383.11

								200		271795.48

								400		258218.17

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						6.6381		10		293522.61

								100		251212.74

								200		200850.33

								400		136289.65

		P07_G10		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						7.8083		10		362650.10

								100		357774.18

								200		327955.90

								400		317059.33

						7.4177		10		821424.31

								100		855167.54

								200		842048.94

								400		775033.92

						7.3591		10		490962.80

								100		475988.87

								200		459313.28

								400		422758.53

						7.3453		10		821424.31

								100		780994.85

								200		793298.74

								400		708979.90

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						7.7866		10		362650.21

								100		186245.40

								200		82766.32

								400		42096.73

						7.4074		10		821424.39

								100		405549.86

								200		193628.95985136

								400		83332.508

						7.3293		10		490962.76

								100		399689.44

								200		208093.99

								400		127891.32

						7.3149		10		821424.35139948

								100		542760.2398539

								200		401998.88319786

								400		255581.61946704

		P07_G12		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						8.4199		10		708338.04

								100		672312.63

								200		748060.32

								400		670687.16

						8.0474		10		321664.10

								100		314486.66

								200		339495.92

								400		300280.90

						8.0322		10		349235.31

								100		314486.66

								200		348926.37

								400		295799.10

						7.9389		10		454924.95

								100		431295.99

								200		447946.01

								400		412326.01

						7.8767		10		767398.65

								100		826650.64

								200		825163.70

								400		811206.61

						7.7087		10		330854.51

								100		309993.99

								200		325350.26

								400		291317.29

						7.5096		10		733877.47

								100		736148.98

								200		777337.03

								400		744628.98

						7.1726		10		1755366.97

								100		1747647.28

								200		1725770.95

								400		1635858.64

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						8.4163		10		708338.26

								100		527067.16

								200		378423.92

								400		200829.04

						8.0463		10		321664.09

								100		261782.43

								200		208178.73

								400		134846.56

						8.0314		10		349235.24

								100		283022.89

								200		222020.18

								400		140388.18

						7.9391		10		454924.90

								100		401618.01994608

								200		336743.74

								400		240703.91

						7.8625		10		767398.50

								100		620767.29

								200		483132.81

								400		313288.62

						7.7085		10		330854.33

								100		302821.20

								200		263774.34

								400		193125.54

						7.4930		10		733877.96

								100		634267.26

								200		567635.88

								400		470025.41

						7.1705		10		1755365.94

								100		1613684.442637

								200		1440308.47

								400		1142976.603221





P07  T1roh
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P08 T1roh
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P09 T1roh
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P10 T1roh
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		P08_G02		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						8.0610		10		522128.41

								100		508242.68

								200		477741.39

								400		423306.43

						2.2007		10		1521527.34

								100		1452076.72

								200		1320712.63

								400		1069345.86

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						8.0365		10		522650.22

								100		416219.62

								200		308194.14

								400		183848.50

						2.1692		10		1522829.78

								100		1158665.43

								200		852066.14

								400		439193.64

		P08_G05		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						2.2596		10		701627.31

								100		616647.05

								200		539383.29

								400		388679.26

						2.2465		10		723725.80

								100		660497.51

								200		549856.76

								400		413755.35

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						2.2074		10		692496.05

								100		515897.93

								200		357096.06

								400		165916.10

						2.1935		10		723721.52

								100		536677.72

								200		373917.02

								400		171822.41

				Free form		2.2		10		1278707.35

								100		1046561.99

								200		836963.34

								400		526942.68

				Bound form		2.2		10		1347693.59

								100		1123202.57

								200		872235.15

								400		561894.72
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		P09_G04		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						2.9095		10		3265415.80

								100		2783266.06

								200		2288852.72

								400		1576029.69

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						2.9209		10		3731769.57

								100		3420748.39

								200		3004957.79

								400		2177463.50

		P09_G06		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						7.8279		10		441416.24

								100		414847.99

								200		379323.10

								400		306664.98

						7.8121		10		447341.29

								100		432755.10

								200		393691.40

								400		320234.22

						6.8503		10		450303.81

								100		444693.17

								200		410933.36

								400		374511.21

						6.8357		10		459191.39

								100		426786.07

								200		410933.36

								400		355514.26

						6.8221		10		426603.61

								100		343219.56

								200		261503.05

								400		154689.41

						6.8059		10		364390.58

								100		289498.24

								200		215524.49

								400		119409.37

						3.7632		10		764331.47

								100		677485.57

								200		637952.49

								400		477637.49

						3.2056		10		524366.94

								100		447677.58

								200		382196.76

								400		263243.39

						3.1925		10		471041.49

								100		429770.58

								200		359207.48

								400		249674.14

						2.7685		10		675455.72

								100		632717.80

								200		548869.03

								400		407077.40

						1.8644		10		631017.84

								100		584965.52

								200		505764.13

								400		382652.76

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						7.7900		10		468599.97

								100		400178.98

								200		337187.96

								400		234572.79

						7.7743		10		507649.97

								100		438456.97

								200		361272.81

								400		260279.40

						6.8574		10		486349.97

								100		445416.61

								200		426645.99

								400		375959.13

						6.8432		10		472149.97

								100		448896.42

								200		416323.91

								400		372745.80

						6.8015		10		553799.97

								100		462815.69

								200		381916.97

								400		244212.77

						6.7861		10		525399.97

								100		445416.61

								200		361272.81

								400		224932.81

						3.7707		10		820049.95

								100		730761.62

								200		633087.60

								400		510918.82

						3.1864		10		550249.97

								100		466295.51

								200		385357.67

								400		279559.35

						3.1735		10		532499.97

								100		469775.33

								200		399120.44

								400		273132.70

						2.7754		10		717099.96

								100		629846.92

								200		543629.57

								400		414519.04

						1.8711		10		610599.96

								100		556770.76

								200		495459.86

								400		379172.45

		P09_G07		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						8.3132		10		267080.76

								100		254028.95

								200		229197.85

								400		200184.04

						8.0058		10		201218.58

								100		193819.49

								200		177321.01

								400		151373.07

						7.9910		10		208157.24

								100		204673.61

								200		176080.18

								400		157238.20

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						8.2648		10		267135.03

								100		153862.39

								200		81957.06

								400		25382.99

						7.9608		10		201218.59

								100		132881.16

								200		81957.06

								400		31728.73

						7.9460		10		208157.16

								100		139874.90

								200		85371.94

								400		34901.61

		P09_G09		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						8.9473		10		256693.70

								100		144489.25

								200		78033.22

								400		26307.22

						7.2506		10		173268.25

								100		157332.74

								200		143581.13

								400		125690.05

						7.2333		10		160433.57

								100		150910.99

								200		137338.47

								400		119844.00

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						8.8374		10		256983.34

								100		92655.36

								200		24648.19

								400		3600.00		假設

						7.2221		10		172703.85

								100		154425.59

								200		130087.73

								400		98620.89

						7.2036		10		176157.93

								100		157935.27

								200		133511.09

								400		98620.59
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Bound-2.92
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Bound-7.79
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Bound-6.85
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Bound-6.84
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Bound-6.80



		



Free-6.80

Bound-6.78



		



Free-3.7

Bound-3.7



		



Free-3.2

Bound-3.18



		



Free-3.19

Bound-3.17



		



Free-2.7

Bound-2.7



		



Free-1.8

Bound-1.8
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Free-8.9

Bound-8.8



		



Free-7.25

Bound-7.22



		



Free-7.23

Bound-7.20



		



Free-8.0

Bound-7.96



		



Free-7.99

Bound-7.94



		P10_G03		Free form		Target peaks(ppm)		T1roh(ms)		intensity

						2.6538		10		641236.06

								100		596621.56

								200		499325.87

								400		370014.24

						2.6417		10		350148.64

								100		319618.69

								200		261941.44

								400		188707.26

				Bound form		Target peaks(ppm)		T1roh(ms)		intensity

						2.5808		10		659074.70

								100		548555.42

								200		426702.44

								400		242010.92

						2.5683		10		364594.51

								100		308850.53

								200		242546.65

								400		136619.07





		



Free-2.65

Bound-2.58



		



Free-2.64

Bound-2.56





Vignovich WP, Pomin VH. Saturation Transfer Difference in Characterization of Glycosaminoglycan-Protein Interactions. SLAS 
TECHNOLOGY: Translating Life Sciences Innovation. 2020;25(4):307-319. doi:10.1177/2472630320921130

NOE-based Approaches 
(1) Saturation transfer difference (STD) 
- Magnetization transfer between ligand and target protein, ie. NOE between 

bound ligand and protein 
- Signal intensities were attenuated by saturation transfer for bound ligand 
- Small positive signal (STD effect) only observed for bound ligand

Note: aggregation leading to 
strong false positive STD effects 
(line broaden due to aggregation). 
Thus, a protein-observed follow-
up is always necessary. 



NOE-based Approaches
(2) Water Ligand-Observed by Gradient SpectroscopY (WaterLOGSY) 
- What is measured is the NOE between H2O & Ligand 
- Bulk water magnetization is transferred to

(i) target bound ligand and exchangeable protons on target protein (slowly
tumbling bound ligand/protein with long τc ,negative NOE)

(ii) compounds free in solution ( quickly tumbling with small τc ,positive NOE)
- Bound ligand can be distinguished from non-binders by opposite sign of signals

(i) binder: positive signals (negative NOE are used to phased as positive peak), 
or negative but less intense than control, or not detectable (average effect)

(ii) non-binder: negative signals (should have same intensity as control)

Renjie Huang, Ivanhoe K.H. Leung,Chapter Fourteen - Protein–Small Molecule Interactions 
by WaterLOGSY,Methods in Enzymology,Academic Press,Volume 615,2019,Pages 477-500,

Note: Exchangeable protons will 
undergo chemical exchange with H2O, 
thus always positive, should be 
excluded from binding analysis



<Example of 1D 1H STD> 

<Example of 1D WaterLOGSY> (note on phase correction) 

Example from HFNMRC data: STD & WaterLOGSY

Sample: with BSA

Control: w/o BSA

Sample: with BSA

Control: w/o BSA

(Testing Sample: BSA 0.1mM, Trp 2mM, sucrose 2mM, 10% D2O, 90%H2O)



Which NMR Experiments for Screening (1H-NMR) ? 

For 1H experiment, we choose 
(1) Solvent-suppressed 1H (chemical shift)
(2) waterLOGSY ( NOE based saturation transfer experiments)
(3) STD ( NOE based saturation transfer experiments)
(4) T1ρ (Relaxation based line broadening effects) 

Practical Aspects of Fragment-Based Screening 
Experiments in TopSpin D. Baldisseri, Bruker 
Biospin 2018 Chemistry, Biology

https://www.semanticscholar.org/author/D.-Baldisseri/6880664
https://www.semanticscholar.org/author/Bruker-Biospin/70466340


Which NMR Experiments for Screening (19F-NMR) ? 

For compounds with 19F (19F library)

-few 19F signals for each compound, thus, >20 ligands can be mixed without 
overlap (higher throughput) 

-no need for solvent suppression 

-line broadening of 19F upon binding is significant than 1H detection 

-We plan to do T2 experiment for 19F screening (relaxation based transfer) 

DOI: 10.1039/D1CB00085C (Review Article) RSC Chem. Biol., 2021, 2, 1312-1330

https://doi.org/10.1039/D1CB00085C
https://doi.org/10.1039/2633-0679/2020


“Free” Compound Groups •1D 1H spectrum
•T1ρ spectrum

Find the “ Hit Groups”

Narrow down to “individual Hit”

Compound Groups +
Target Protein

•1D 1H spectrum
•T1ρ spectrum
•WaterLOGSY spectrum
•STD spectrum

- 0.2mM compounds + ~0.01mM Protein
- PBD or d18-Tris Buffer @pH7.0

Analyze all spectrum 
Free vs. Complex

Our approach for 1H NMR screening  

- 0.2mM compounds
- PBD or d18-Tris Buffer @pH7.0

Observing Ligand …..



Fragment-base Screening in HFNMRC

https://www.nmr.sinica.edu.tw/Doc/AS_HFNMRC_F008_FBSApForm.pdf



Practical Aspects of Fragment-Based Screening 
Experiments in TopSpin D. Baldisseri, Bruker Biospin 2018 
Chemistry, Biology

Experiment Recommended [ligand]/[protein]
Target Size ~30KDa protein ~100KDa protein

T1ρ 20-fold excess 8-fold excess
STD/waterLOGSY 10-fold excess 5-fold excess

SOP from Bruker (Topspin3.5PL7 and TopSpin4.x)

https://www.semanticscholar.org/author/D.-Baldisseri/6880664
https://www.semanticscholar.org/author/Bruker-Biospin/70466340


SOP in HFNMRC (pp and au program depends on Topspin version )

Parameter Set Pulse Program nD List Process AU

htnmr_ZGW5 zggpw5 1 n.a. n.a.

htnmr_ZGESGP zgesgp 1 n.a. n.a.

htnmr_STD stddiffesgp.3
stddiffesgp3.cf 2 STD.cf stdsplit or std.cf

htnmr_T1rho t1rho2des_2016.cf 2 T1rho.cf t1rho.cf 

htnmr_wLOGSY ephogsgpno.2 1 n.a. n.a.



Step 3: Start screening using mutli-experiments

Step 4: Evaluating protein-ligand interactions (Validation) 

Construct binding site for all hits

Collect 2D 15N-HSQC for each “protein-ligand”

Pick those primary hits, 
Add(titrate) to 15N-protein sample individually 

- 2-3 experiments to  check for  primary hits (exclude artifacts)  

Analyze all data to identify Hits



Protein observed : 15N-1H HSQC (finger print for protein) 
chemical shift perturbation upon titration with “hit” ligand 

H158

T175

R162

E165

R186

E184

N160

N174

R144

V225

L177
F159

K176

N222
L218

Q150
I236

D178
V189

V172

Blue: free form
Red: [β-lactos]/[galec3]=100:1

W181



“Free” Protein NMR •Backbone Assignments
•15N labelled protein

Titration to find 
“ Active Site”

SAR (structure–activity relationship ) by NMR

Target Protein + 
Hit Compounds

•1D 1H spectrum
•2D 15N-1H HSQC

- ~0.1mM Protein + compounds (titration) 
- PBD or d18-Tris Buffer @pH7.0

Analyze Chemical 
Shift perturbation 
Free vs. Complex

Our approach for NMR hit validation  

- 0.1mM 15N-labelled Protein
- PBD or d18-Tris Buffer @pH7.0

Observing Protein …..

Provide information for 
Compound Optimization



Fragment-base 
Screening in 
HFNMRC



Step 1: Collect reference Spectrum for each compound

Step 2: Construct Group Mixtures (ex: 5 compounds/ group)

Construct final “Groups” for screening 

Collect 1D spectrum for each group 

Mix ~5 compounds per Group

-1D 1H NMR no overlap
-No interaction between compounds

-1D 1H NMR to check compound purity and solubility  

HFNMRC Fragment vs. Spectra Library: 
(1) MAYBRIDGE Ro3 1000 , 906 compounds in 195 groups!!
(2) OTAVA 19F Library (under construction….)

-Keep final concentration ~0.2mM
-Under buffer for later screening



Step 3: Start screening using mutli-experiments

Step 4: Evaluating protein-ligand interactions (Validation) 

Construct binding site for all hits

Collect 2D 15N-HSQC for each “protein-ligand”

Pick those primary hits, 
Add(titrate) to 15N-protein sample individually 

- 2-3 experiments to  check for  primary hits (exclude artifacts)  

Provide these information for user’s further characterization 

Analyze all data to identify Hits



Examples
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Setting up 
Ligand-Observed 
NMR 
Experiments



NMR System Overview

Group NMR System Probe Location
1 AV600R Topspin2.1 Dual(1H/13C) GRC, 1F
2 AV600L Topspin3.2 TCI(1H/13C/15N) GRC, 1F
3 NEO500 Topspin4.2.0 QNP(1H/13C/19F/31P) IBMS, B2
4 AVIII600 Topspin2.1 &

Topspin3.2
TCI(1H/13C/15N) IBMS, B2

5 NEO600 Topspin4.1.3 TCI (1H/13C/15N) IBMS, B2
6 AV800 Topspin2.1 TXI(1H/13C/15N) IBMS, B2
7 AVIII850 Topspin2.1 &

Topspin3.2
TCI(1H/13C/15N) IBMS, B2

8 AV400 Topspin2.1 Dual (1H/13C) IBMS, B2

(Testing Sample: BSA 0.1mM, Trp 2mM, sucrose 2mM, 10% D2O, 90%H2O)



Parameter Set Pulse Program nD List Process AU

htnmr_ZGESGP zgesgp 1 n.a. n.a.

htnmr_STD stddiffesgp3.cf 
stddiffesgp.3 2 STD.cf stdsplit or std.cf

htnmr_T1rho t1rho2des_2016.cf
t1rho_esgp2d 2 T1rho.cf t1rho.cf 

htnmr_wLOGSY ephogsgpno.2 1 n.a. n.a.

Parameter Set Parameters to optimized (d1=3sec, ns=8)

htnmr_ZGESGP O1 & 90 deg pulse (optional), ns

htnmr_STD O1, 90deg pulse, ns, d20 (saturation time, ex: 2sec )
STD list ( FQ2LIST, ex: -40ppm & 0.8ppm)

htnmr_T1rho O1, 90 deg pulse, ns 
T1rho list (VDLIST or VPLIST, ex: 10ms, 200ms, 300ms)

htnmr_wLOGSY O1, 90 deg pulse, ns, d8 (mixing time ex:0.8-1.2s. 1.7s… )



Step 1: Starting topspin
1. Login into computer
2. Double click on “topspin” icon (Fig.1) 

(Topspin window will pop out )

Step 2: Temperature control
1. Type “edte” <enter>
2. The temperature control sub-window will pop out, 

set up your target temperature (Fig. 2)

Step 3: Loading sample (no autosampler)
1. Put NMR tube into Spinner and adjust sample 

position using Sample Position Gauge (Fig.3)
2. Click “Lift” button on [BSMS] (Fig.4) , you should 

hear the air flow 
3. Load your sample (make sure sample can “float” on 

the top of magnet before releasing the sample)   
4. Click “Lift” button on [BSMS] again, the sample 

should go down to the probe 

Step 3’: Loading sample (with autosampler)
1. Put NMR tube into Spinner and adjust sample 

position using Sample Position Gauge (Fig.3)
2. Load your sample(s) to autosampler, and note your 

sample position(s)    
3. Type “sx #” (# is your sample position number) to 

load sample into NMR probe 

• Depends on hardware, 
it could be topspin2.x , 
topspin3.x or Topspin4.x

• Check temperature 
before loading sample is 
highly recommended.

• In case autosampler
couldn’t load sample 
correctly, try to switch to 
other position. If error 
show up, ask facility 
members to help.  

PART I: Preparation (Software & Hardware)

• For regular 5mm NMR 
tube, fill in 450-500ul 
sample solution is 
recommended.

• For NEO 600 SampleCase, 
tube above spinner must 
less than 9.5cm

Note: 

Simple Operation Guide for HFNMRC Users
by Dr. Chi-Fon Chang for small molecules (2022.03.10 updated)



Step 4: Lock & Wobble (with ATM*) 
1. Start a new data set : 

type “edc” <enter> , or  “new” <enter> (Fig.5)
2. Select Standard Experiment (ex: 1GRC_1D_1H) ;

Or, Type “rpar 1GRC_1D_1H*” 
3. Type “getprosol” <enter> to read in standard pulses
4. Type “lock” <enter> to choose your D-solvent
5. Type “atma”<enter> to auto adjust 1H frequency or 

“atmm”<enter> to manually tune/match 
* ATM is the auto Tune and Match accessory installed 

on probe. For those probes without ATM accessory 
(ex: Dual probe on AV400 & TXI/QXI on 
AV600_CHEM) , if needed, type ”wobb” to do 
wobble manually. 

Step 5: Shimming 
1. (optional) Type “rsh “ ( not necessary, but you can 

select previously saved shim file for specific 
probe/solvent)

2. Type “topshim” <enter> 
or “topshim tunea” <enter> ( recommended)     
or “topshim convcomp”<enter> ( for NEO only)

3. Manually adjust shim if necessary

By now, Lock & Shim has been optimized. Unless you change 
temperature or sample, it’s not necessary to lock/shim again
during later experiment set up and data collection! 

However, wobble (atma) might be needed depends on the 
experiments you set up. 

• More options are available 
if typing  “topshim gui” 

• Use 1H experiment to 
optimize hardware setting

• Why we should getprosol ?

• What is lock doing? 

• When and why should we 
do wobble(atma) ?   

• What is shimming? 

Note: 



Steps for Setting up 1D Experiment:
1. Type “edc” or “new” <enter> to set up new EXPNO
2. Select Standard Experiment (1GRC*) ;

Or, Type “rpar 1GRC* ” <enter>
3. Type “getprosol” <enter> to read in calibrated 

pulses  information from standard samples
4. Type “atma”<enter> or “atmm”<enter> to optimized 

nuclei frequencies (if no ATM probe, check it 
manually by typing “wobb”) 

5. (optional) For 1H experiment, type ”pulsecal ” 
<enter> to optimized 90 degree pulse for your own 
sample (recommend for sample in H20/D2O, or 2D 
experiments )

6. Type “ns” <enter> to fill in scan number you like
7. (optional)Type “eda” or “ased” <enter> to fill in 

other parameters if needed (ex: O1, SW, TD,....)
8. Type “rga” <enter> to auto adjust receiver gain 
9. Type ”zg ” <enter> to collect 1D FID
10. Type ” efp” <enter> to do Fourier Transform 
11. Type “apk” <enter> to auto-phasing the spectrum 
12. Type “abs n” <enter> to adjust baseline 
(Spectrum is ready for further processing/analysis: 
calibration, peak picking, integration ….) 

.

PART II:  Experiment Set up & Data Collection 

• Select most commonly 
used expts from our 
standard parameter sets

• Write down the 
corresponding power level 
(dB/dBW) and pulselength
(us) for later usages

• ased only display 
parameter needed for 
specific experiment

Note: 

• May skip if already done 
for required nuclei 

• Can be combined as
“ efp, apk, abs n” 

 Extra notes:
- If using optimized pulses from “pulsecal” for other experiments (Fig.6)

Type “getprosol ∆ 1H∆<pulse in us >∆<power level in dB or dBW>”
(ex: getprosol∆1H∆10.2∆-3.5) instead of “getprosol”



Steps for Setting up 2D Experiment:
1. Type “edc” or “new” <enter> to set up new EXPNO
2. Select Standard Experiment (1GRC*) ;

Or, Type “rpar 1GRC* ” <enter>
3. Type “getprosol” <enter> to read in calibrated 

pulses  information from standard samples
4. Type “atma”<enter> or “atmm”<enter> to optimized 

nuclei frequencies (if no ATM probe, check it 
manually by typing “wobb”) 

5. (recommended) Use 1H pulse calibrated by pulsecal
“getprosol ∆ 1H∆<pulse us >∆<level in dB or dBW>”

6. Type “ns” <enter> to fill in scan number you like
7. (recommended) Type “eda” or “ased” <enter> to 

double confirm all parameters 
8. Type “rga” <enter> to auto adjust receiver gain 
9. Type ”zg ” <enter> to collect 2D spectrum
10. After the first series data is done, 

Type ” rser 1” <enter> to call out the 1st FID 
11. Do “efp, apk, abs n” to check spectrum quality

(if signal not strong enough, stop the data 
acquisition, increase scan number (step 6), and rga, 
zg again. ) 

12. Type “xfb” <enter> to Fourier Transform 2D  
(Spectrum is ready for further processing/analysis)

.

• Select most commonly 
used expts from our 
standard experiment sets

• For other nuclei, you may 
use default values 

• ased would be easier

Note: 

• Important but may skip if 
already done for required 
nuclei 

PART III:  Remove Sample and Logout 
1. Click “Lock” botton on [BSMS] to turn  off lock (Fig.4)
2. With Autosampler: type “sx #” where # is an empty position 
3. Without Autosampler: 

Click “Lift” botton on [BSMS] to turn on air and remove your sample
Click “Lift” botton again to turn off air 

4. Exit Topspin and Logout Computer 



Notes on Useful Commands
1. > edte edit temperature 
2. > lockdisp to open lock sub-window
3. > lock to lock the field for selected D-solvent field 
4. > edc copy current data set to a new one 
5. > rpar to read in available parameter set and overwrite current data  
6. > getprosol read in default pulses and parameters (standard samples)
7. > atma auto tune and match nuclei frequency  
8. > atmm manually tune and match nuclei frequency  
9. > pulsecal auto determine 90 degree pulse for current sample
10. > ased display acquisition parameters needed for specific experiment
11. > expt estimate experiment time
12. > rga auto estimate receiver gain 
13. > gs start acquisition but no data saving ( useful for optimization)
14. > zg  zero memory and start data collection (overwrite existing data)
15. > tr  transfer collected FID after current scan (save existing FID)
16. > tr # transfer collected FID after # scan 
17. > go start data collection , add on NS to existing data 
18. > stop  stop data acquisition immediately
19. > halt similar to stop but after the current status
20. > qu ** submit commands (**) to spooler 
21. > qumulti submit multiple commands to multiple experiments 
22. > sx #  to switch sample position (#) on autosampler
23. > efp  em (window function), ft (Fourier transform), pk (pick phase)
24. > apk  to auto pick phase  
25. > abs n   to auto baseline correction without integration  
26. > rser #   read series file # (ie. available FIDs )
27. > xfb  to do Fourier transform on both dimensions 
28. > dpa  to display acquisition parameters  
29. > ii   to initialize hardware connection 
30. > ii restart  to initialize hardware connection  



Fig 1. Topspin Icon 

Fig 2. Temperature control window

Fig 3. Sample and Spinner 

Fig 4. BSMS (Lift & Lock)

Click to change target TEMP if needed



Fig 5. edc window

Fig 6. “pulsecal” output window

power level
In “dB”

Pulse length
In “us”

getprosol 1H 7.07 -7.3

power level
In “dB”

Pulse length
In “us”

Data Folder Name
Experiment Number Folder

TITLE: 
Put notes for your sample 
/Experiment ( If using rpar *  
to load parameter set, the 
default title will be applied )

Lock Solvent

Copy current or Select Others

(Don’t need to change)

(Don’t need to change)



Useful  Parameter Sets for small molecules in HFNMRC

FTP  ftp.nmr.sinica.edu.tw

/opt/topspin/(GroupAccount)/data/(your personal folder)

Mnova Campus License 

https://www.nmr.sinica.edu.tw/Mnova/

Sinica Reservation System

https://reservation.iis.sinica.edu.tw/servlet/SignInHandler

ftp://ftp.nmr.sinica.edu.tw/
https://www.nmr.sinica.edu.tw/Mnova/
https://reservation.iis.sinica.edu.tw/servlet/SignInHandler
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