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3′,5′
microfluidic rapid freeze quench (μRFQ) in combination with pulsed electron–



–

𝑺
𝑺|𝑺| = √𝑆(𝑆 + 1)ℏ (1.1)𝑆 ℏ𝑺 – 𝑩0𝑚𝑆 ℏ − 𝑆 + 𝑆 2𝑠 + 1 𝑚𝑆 𝑆 1 2⁄ 𝑚𝑆±1 2⁄ 𝑚𝑆 = + 1 2⁄ state denoted as α 𝑚𝑆 =− 1 2⁄ state denoted as β

𝝁𝑆 = −𝑔𝑒𝛽𝑒𝑺 (1.2)𝛽𝑒 𝑔𝒆 𝝁𝑆𝜇𝑧, 𝑚𝑆𝜇𝑧 = −𝑔𝑒𝛽𝑒𝑚𝑆 (1.3)

𝑩0 𝑚𝑆+1 2⁄ −1 2⁄



𝑆𝐼 ℋ0𝑩0
ℋ0 = ℋ𝐸𝑍 + ℋ𝑍𝐹𝑆 + ℋ𝐻𝐹 + ℋ𝑁𝑍 + ℋ𝑁𝑄 (1.4)ℋ𝐸𝑍ℋ𝑍𝐹𝑆 ℋ𝐻𝐹 ℋ𝑁𝑍ℋ𝑁𝑄 ℋ0 𝑺 𝑰

𝜇𝑆 of the electron spin, as described in chapter 1.4.1, 𝑩0 ℋ𝐸𝑍 = 𝛽𝑒𝑩0𝒈 𝑺 ℏ⁄ (1.5)ℋ𝐸𝑍 ℋ0 𝑆 = 1 2⁄
𝑩0

𝐸𝛼,𝛽 = 𝑚𝑆𝛽𝑒𝑩0𝑔𝑒 = ± 12 𝛽𝑒𝑩0𝑔𝑒 (1.6)

ΔE = ℎ𝜈 = 𝛽𝑒𝑩0𝑔𝑒 (1.7)



𝑩0 𝒈
𝒈 = [𝑔𝑥 𝑔𝑦 𝑔𝑧] (1.8)

𝑔𝑥, 𝑔𝑦, and 𝑔𝑧 are the principal values of 𝒈. In the case that the magnetic field 
is aligned with one of the principal axes, insertion of the respective principal value into 
eq 1.7 gives the resonant field. For an arbitrary orientation of 𝑩0, the magnetic field 
vector can be expressed within the PAS with the polar angles 𝜃 and 𝜙, from which the 
effective g value follows as

𝑔𝑒𝑓𝑓 = [𝑠𝑖𝑛2(𝜃)𝑐𝑜𝑠2(𝜙)𝑔𝑥2 + 𝑠𝑖𝑛2(𝜃)𝑠𝑖𝑛2(𝜙)𝑔𝑦2 + 𝑐𝑜𝑠2(𝜃)𝑔𝑧2]1 2⁄
(1.9)𝑔𝒆 𝑳

ℋ𝐸𝑍 ℋ𝑁𝑍 𝐼𝑩0ℋ𝑁𝑍 = −𝛽𝑛𝑩0𝑔𝑛 𝑰 ℏ⁄ (1.10)𝛽𝑛 𝑔𝑛 𝑔𝑛 ℋ𝑁𝑍1/658 ℋ𝐸𝑍

𝑟 < 1 𝑛𝑚
𝑺 𝑚𝑰𝑘, the hyperfine interaction is described by the term



ℋ𝐻𝐹 = ∑ 𝑺𝑨𝑘𝑰𝑘𝑚
𝑘=1

(1.11)

𝑨𝑘𝐴𝑥 𝐴𝑦 𝐴𝑧
𝑨 = [𝐴𝑥 𝐴𝑦 𝐴𝑧] (1.12)

ℋ𝐹𝐶 ℋ𝐷𝐷
ℋ𝐹𝐶 = a𝑖𝑠𝑜𝑺𝑰 (1.13)a𝑖𝑠𝑜:

a𝑖𝑠𝑜 = (23) 𝜇0ℏ 𝑔𝑒𝛽𝑒𝑔𝑛𝛽𝑛|𝜓0(0)|2
(1.14)𝜇0 |𝜓0(0)|2 ss sp2  sp3  2s 3s s. This is often the case for transition metal ions such 

as Mn2+, Fe3+, or Cr+. 

ℋ𝐷𝐷 = 𝜇04𝜋ℏ 𝑔𝑒𝛽𝑒𝑔𝑛𝛽𝑛 [(3𝑺𝒓)(𝒓𝑰)𝑟5 − 𝑺𝑰𝑟3] = 𝑺𝑻𝑰 (1.15)

𝒓 𝑻 𝑟 ≥ 0.25 𝑛𝑚𝑻



𝑻 = 𝜇04𝜋ℏ 𝑔𝑒𝛽𝑒𝑔𝑛𝛽𝑛𝑟3 [−1 −1 2 ] = [−𝑇 −𝑇 2𝑇] (1.16)𝒈 𝑨
𝑨 = [𝐴⊥ 𝐴⊥ 𝐴∥] = 𝑎𝑖𝑠𝑜𝟏 + 𝑻 (1.17)

𝟏

𝐼 ≥ 1𝑄 𝑄
ℋ𝑁𝑄 = 𝑰�̃�𝑰 = 𝑒2𝑞𝑄4𝐼(2𝐼 − 1)ℏ [(3𝐼𝑧2 − 𝐼(𝐼 + 1)2) + 𝜂(𝐼𝑥2 − 𝐼𝑦2)] (1.18)�̃�𝑒𝒒 𝜂 = (𝑃𝑥 − 𝑃𝑦) 𝑃𝑧⁄  with |𝑃𝑧| ≥ |𝑃𝑦| ≥ |𝑃𝑥| and 0 ≤𝜂 ≤ 1. In an EPR spectrum, nuclear quadrupole interaction is visible as a shift in the 

allowed resonance frequencies. As small second-order effects, these shifts are difficult 
to observe. 

𝑆 > 1 2⁄ 𝑆 = 5 2⁄ (2𝑆 + 1)



ℋ𝑍𝐹𝑆 = 𝐒𝐃𝐒 = D [𝑆𝑧2 − (13) 𝑆(𝑆 + 1)] + 𝐸(𝑆𝑥2 − 𝑆𝑦2) (1.19)𝐃 𝐷 = 3𝐷𝑧 2⁄𝐸 = (𝐷𝑥 − 𝐷𝑦) 2⁄ 𝑆 > 2

𝐴 𝐵 𝑆𝐴 𝑆𝐵 ℋ𝑒𝑥𝑐ℎℋ𝑑𝑑
ℋ0(𝑆𝐴, 𝑆𝐵) = ℋ0(𝑆𝐴) + ℋ0(𝑆𝐵) + ℋ𝑒𝑥𝑐ℎ + ℋ𝑑𝑑 (1.20)

ℋ𝑒𝑥𝑐ℎ =  𝑺𝐴𝑱𝑺𝐵 (1.21)𝑱 𝑟𝐴𝐵 < 1.5 𝑛𝑚
ℋ𝐷𝐷

ℋ𝑑𝑑 = 𝑺𝐴𝑫𝑺𝐵 = 𝜇04𝜋ℏ𝑟𝐴𝐵3 𝑔𝐴𝑔𝐵𝛽𝑒2 [𝑺𝐴𝑺𝐵 − 3(𝑺𝐴𝒓𝐴𝐵)(𝑺𝐵𝒓𝐴𝐵)𝑟𝐴𝐵2 ] (1.22)𝑫 𝑔𝐴𝑔𝐵 𝒓𝐴𝐵 𝑟𝐴𝐵 = |𝒓𝐴𝐵|



𝑫 𝑟𝐴𝐵3 𝒓𝐴𝐵𝒈 𝑔𝐴 ≈ 𝑔𝐵 ≈ 𝑔𝑒𝑫
𝑫 = 𝜇04𝜋ℏ 𝑔𝐴𝑔𝐵𝛽𝑒2𝑟𝐴𝐵3 [−1 −1 2 ] = [−𝜔𝐴𝐵 −𝜔𝐴𝐵 2𝜔𝐴𝐵] (1.23)

𝜔𝐴𝐵 𝜔𝐴𝐵 𝑟𝐴𝐵3𝑟𝐴𝐵 <2 𝑛𝑚 𝜔𝐴𝐵

–





|𝑘⟩ |𝑙⟩ ℋ0𝛼 𝛽 |𝛼⟩ |𝛽⟩ |𝑚𝑆, 𝑚𝐼⟩ ↔|𝑚𝑆 ± 1, 𝑚𝐼⟩

ν. 𝑩0

≈ 2 𝑀𝐻𝑧≈ 0.2 𝑊
𝑆 = 1 2⁄ 𝐼 = 1



(2𝐼 + 1)𝑧 2𝑝𝑧𝑥𝑦 𝑥𝑧𝜋 𝑝𝑧𝑠𝑝 𝑠 𝐼 =1 2⁄
𝒈 𝑨 𝒈 𝑔𝑒𝑔𝑥

– 𝑥 𝑔𝑦𝑔𝑧 2𝑝𝑧 𝑨2𝑝𝑧𝑥 𝑦 𝒈𝑨 𝑔𝑥 ≈ 2.0083 − 2.0091 𝑔𝑦 ≈ 2.0061 𝑔𝑧 ≈ 2.0022 𝐴𝑥 ℎ⁄𝐴𝑦 ℎ ≈ 12 − 13 𝑀𝐻𝑧⁄ 𝐴𝑧 ℎ ≈ 92 − 103 𝑀𝐻𝑧⁄

𝒈 𝑨 𝜏𝑐𝜏𝑐 Δ𝜔
𝜏𝑐−1 Δ𝜔⁄ ≫ 1𝑔 𝑔𝑖𝑠𝑜 = 𝑔𝑥 + 𝑔𝑦 + 𝑔𝑧 3⁄𝐴 𝐴𝑖𝑠𝑜 = (𝐴𝑥 + 𝐴𝑦 + 𝐴𝑧) 3⁄ 𝜏𝑐−1 Δ𝜔⁄ > 1



𝜏𝑐𝒈 𝑨 𝜏𝑐−1 Δ𝜔⁄ ≈ 1𝒈 𝑨



𝜏𝑐 > 1 − 2 𝑛𝑠𝜏𝑐−1 Δ𝜔⁄ ≪ 1

𝒈 𝑨𝐴𝑧 𝒈

𝜏𝑐

≈ 50 𝑊
≈ 100 𝑀𝐻𝑧 or more



𝑡𝑑

𝝁𝑖𝑴 𝑩0 𝑧𝑴 𝑩0𝜔𝑀𝑊 = 2𝜋𝜈𝑩1 𝑥𝑩0 𝑴𝑩1 = 2𝐵1 cos(𝜔𝑀𝑊𝑡) 𝒙 (1.24)𝑴 𝑧𝑴 𝑧
𝜔𝑆 = 𝑔𝑒𝛽𝑒𝑩0ℏ (1.25)

 𝑩1 𝑧 𝜔𝑟𝑜𝑡 = 𝜔𝑀𝑊𝑩1 𝑩1𝑴 𝑧 𝛺𝑆 = 𝜔𝑆 − 𝜔𝑀𝑊 (1.26)𝜔𝑆 =𝜔𝑀𝑊 𝑴



𝑴𝑥 𝜔𝑛𝑢𝑡𝜔𝑛𝑢𝑡 = 𝑔𝑒𝛽𝑒𝑩1ℏ (1.27)

𝑡𝑝 𝑴 𝜃 = 𝜔𝑛𝑢𝑡𝑡𝑝 (1.28)

𝜋 2⁄ 𝜋𝛺𝑆

𝑴 𝑥𝑦𝜋 2⁄𝑥 𝑦𝑥𝑦
𝑇1 𝑇2𝑇1𝑀0 𝑧𝑑𝑀𝑧𝑑𝑡 = −(𝑀𝑧 − 𝑀0)𝑇1 (1.29)𝑴 𝑥𝑦𝛺𝑆 𝑧 𝑥𝑦𝑴 𝑥𝑦

𝑑𝑀𝑥,𝑦𝑑𝑡 = −𝑀𝑥,𝑦𝑇2 (1.30)𝑥𝑦 𝑴 𝑧𝑇2 𝑇1𝑇𝑚



𝜏 exp(−(2𝜏 𝑇𝑚⁄ )𝑑) 𝑑𝑇𝑚 𝑇2𝑇2 𝑇𝑚𝑇𝑚

𝑇1 𝑇𝑚

𝜋 2⁄ 𝜏 𝜋
𝜏

𝑡 = 0 𝑡 = 𝑡𝑝 𝑃(Ω𝑆)
𝑃(Ω𝑆)  = |sin (Ω𝑆𝑡𝑝) 2⁄Ω𝑆 2⁄ | (1.31)



𝐴 𝐵

– 𝑟𝐴𝐵,𝑚𝑖𝑛 ≈ 2 𝑛𝑚 𝑟𝐴𝐵,𝑚𝑎𝑥 = 10 𝑛𝑚

𝜏 𝜔𝐴 𝐴𝜋𝜔𝐵 𝜔𝐴 𝐵𝑡 𝜋 2⁄ 𝐴 𝐵𝐵 𝐴𝐴𝑡 𝐴 2𝜏Δ𝜙𝑒𝑒 = 𝜔𝑒𝑒𝑡𝜔𝑒𝑒2 𝑛𝑚 𝑉(𝑡) 𝑡



𝜔𝐴𝐵 𝜃𝐴𝐵𝒓𝐴𝐵 𝑩0 𝜃𝐴𝐵 0 𝜋 2⁄𝑉(𝑡)𝜃𝐴𝐵 =0 𝑜𝑟 90°

π



𝑃(𝑟) 𝑉(𝑡)𝐵 𝐴 𝑟𝐴𝐵,𝑚𝑎𝑥𝑉(𝑡)𝑉(𝑡) 𝑃(𝑟) 𝑉(𝑡)𝐹(𝑡) 𝐵(𝑡)
𝑉(𝑡)  = 𝐹(𝑡)𝐵(𝑡) (1.32)𝐹(𝑡) 𝜔𝐴𝐵 ∆∆𝜔𝐴𝐵 𝑡𝑑𝑒𝑐 𝐹(𝑡)𝑃(𝑟) 𝑉(𝑡) 𝑡𝑚𝑎𝑥 ≫ 𝑡𝑑𝑒𝑐 𝐵(𝑡) 𝑉(𝑡)𝐵(𝑡)

𝐵(𝑡)  = 𝑒𝑥𝑝 [−(𝑘𝑡)𝑑 3⁄ ] (1.33)𝑑 3𝑑 2𝑘
𝜋 2⁄ 𝜋𝑡 = 0 𝑡𝑑𝑟𝐴𝐵 < 3 𝑛𝑚

𝜔𝐴 2𝜏1𝜋 𝜏2 2𝜏2𝜋 𝜔𝐵 𝜋



𝑡0 = 2𝜏1 𝑡𝑚𝑎𝑥 < 𝜏2 𝐵

𝑇𝑚

< 5 𝑛𝑚
𝜏1 = 𝜏2 = 𝜏

𝑡𝑚𝑎𝑥𝜔𝐵 𝜋
𝐵

𝜋𝜋 𝛿



𝑆 = 5 2⁄𝐼 = 5 2⁄
𝒈𝑨 |𝑚𝑆, 𝑚𝐼⟩

𝑚𝑠 |𝑚𝑆, 𝑚𝐼⟩ ↔ |𝑚𝑆 ± 1, 𝑚𝐼⟩|± 1 2⁄ , 𝑚𝐼⟩ ↔|∓ 1 2⁄ , 𝑚𝐼⟩ |± 3 2⁄ , 𝑚𝐼⟩ ↔ |± 1 2⁄ , 𝑚𝐼⟩ |± 5 2⁄ , 𝑚𝐼⟩ ↔ |± 3 2⁄ , 𝑚𝐼⟩ 𝐷



𝐸

𝑇2 𝑇1 𝑇2



𝑉(𝑡)𝑉(𝑡)𝑉(𝑡) = 𝑉0 ∙ 𝑉𝑖𝑛𝑡𝑟𝑎(𝑡) ∙ 𝑉𝑖𝑛𝑡𝑒𝑟(𝑡) (1.34)𝑉0  𝑉𝑖𝑛𝑡𝑟𝑎𝑉𝑖𝑛𝑡𝑒𝑟 

𝑉(𝑡) = ∫ 𝐾(𝑡, 𝑟)𝑃(𝑟)𝑑𝑟∞
0 (1.35)

𝑃(𝑟) 𝐾(𝑡, 𝑟)
𝐾(𝑡, 𝑟) = [(1 − ∆) + ∆𝐾0(𝑡, 𝑟)]𝑉𝑖𝑛𝑡𝑒𝑟(𝑡, ∆) (1.36)∆ 𝐾0:



𝐾0(𝑡, 𝑟) = ∫ 𝑐𝑜𝑠[(1 − 3 cos2 Θ)Dr−3t]1
0 𝑑𝑐𝑜𝑠 Θ (1.37)

𝐾0(𝑡, 𝑟) D
𝐷 =  𝜇04𝜋 𝑔𝑒2𝜇𝐵2ℏ (1.38)𝑉(𝑡)𝑽 𝑛 𝑡𝑖𝑃(𝑟) 𝑷 𝑚𝑟𝑗

𝑽 = 𝑲𝑷 (1.39)𝑲 𝑛 × 𝑚 (𝐾)𝑖𝑗 = 𝐾(𝑡𝑖𝑟𝑗)∆𝑟 ∆𝑟
𝜎2,𝑽𝑒𝑥𝑝 = 𝑽 + 𝒩 (0, 𝜎2) (1.40)

𝑷 = 𝑲−𝟏𝑽𝑒𝑥𝑝 (1.41)

𝑷

𝑉(𝑡) 



𝑷
𝑷𝒇𝒊𝒕 = ‖𝑽𝑒𝑥𝑝 − 𝑲𝑷‖² + 𝛼‖�̂�𝑷‖² (1.42)

�̂�
order difference matrix to impose smoothness on the fit, and α is the Tikhonov 𝑷 ≥ 0

‖𝑽𝑒𝑥𝑝 − 𝑲𝑷‖² 𝛼‖�̂�𝑷‖²𝛼 𝛼𝑮(𝛼) 𝛼𝑷 𝛼 𝛼

𝜽𝑷 𝑽𝑒𝑥𝑝𝐹(𝜽, 𝑷) = ‖𝑽𝑒𝑥𝑝 − 𝑲[𝜽]𝑷‖² + 𝛼‖�̂�𝑷‖² (1.43)

𝜽 𝑷𝑷 𝑷[𝜽] 𝜽



𝜽 𝑷[𝜽] 𝜽𝑷[𝜽] 𝜽
𝑷

𝑷[𝜽] = ∑ 𝑎𝑖𝒑𝑖[�̅�𝑖𝜎𝑖]𝑁
𝑖=1 (1.43)

𝑎𝑖 𝒑𝒊 �̅�𝑖𝜎𝑖

𝑽[𝜽] = 𝐕[Δ, 𝚯𝑃𝚯𝐵] = 𝐊[Δ, 𝚯𝐵]𝑷[𝚯𝑃] (1.44)

𝜽𝚯𝑃 𝚯𝐵
𝚯𝑓𝑖𝑡 = ‖𝑽𝒆𝒙𝒑 − 𝑽[𝜽]‖² (1.44)



�̅�𝑖 𝜔𝑖 𝑎𝑖𝑎𝑖

𝑽𝑒𝑥𝑝,𝑖 from different experiments that have been collected under 
different conditions

𝑽𝑒𝑥𝑝,𝑖

𝑽𝑒𝑥𝑝,𝑖











α with a high transformation 

ATPγS

β maltosid (β





β mercaptoethanol (β

–





1 % (w/v) β

0.05 % (w/v) β
2.2 µl β

0.05 % (w/v) β

0.05 % (w/v) β





α or BL21(DE3), the 

α for 



isopropyl β

NTA Sepharose, 1 mM β mercaptoethanol (β



and 600 nM TmrAB 
in a volume of 25 µl and carried out for 5 min at 37 °C. Reactions were stopped by 
adding 175 μl of an ice cold aqueous solution of 20 mM H
For detection, 175 µl of 
microtiter plate and incubated for 15 min with 50 μl of malachite green solution at 
room temperature. The absorbance change at 620 nm was measured on a microplate 

manner. All data are presented as mean ± s.d. (n = 3).

ATPγS, 50 mM MgCl





pulse delay τ of 200 ns. The 


 pulse delay τ of 200 ns. A rectangular 12 ns 

 



pulse delay τ of 200 ns. The 



–

𝜔𝐵𝜔𝐴







–



– –
–

5 min. After hydrolysis of the γ

𝑟𝐼𝐹 = 
𝑟𝑂𝐹 = 

𝑟𝑜𝑝𝑒𝑛 = 𝑟𝑐𝑙𝑜𝑠𝑒𝑑 = 𝑟𝑜𝑝𝑒𝑛 =





–

𝑟𝑐𝑙𝑜𝑠𝑒𝑑 = 𝑟𝑓𝑖𝑥 =

𝑇𝑚 𝑇𝑚



–

–

𝑃𝑂𝐹 =
–

–

𝑟𝐼𝐹 = 𝑟𝑂𝐹 = 
𝑃𝑂𝐹



–



−𝑃𝑂𝐹

–𝑟𝑜𝑝𝑒𝑛 = 𝑟𝑐𝑙𝑜𝑠𝑒𝑑 = 

–

𝑟𝑐𝑙𝑜𝑠𝑒𝑑 = 𝑟𝑜𝑝𝑒𝑛 =



–



–



𝑃𝐼𝐹 𝑃𝑂𝐹
𝑑𝑃𝑂𝐹𝑑𝑡 = 𝑘1𝑃𝐼𝐹 − 𝑘−1𝑃𝑂𝐹 (4.1)

𝑃𝐼𝐹 + 𝑃𝑂𝐹 = 𝑃𝐼𝐹,0 + 𝑃𝑂𝐹,0 (4.2)

𝑃𝐼𝐹,0 𝑃𝑂𝐹,0
𝑑𝑃𝑂𝐹𝑑𝑡 = 𝑘1(𝑃𝐼𝐹,0 + 𝑃𝑂𝐹,0 − 𝑃𝑂𝐹) − 𝑘−1𝑃𝑂𝐹 (4.3)

𝑃𝑂𝐹 =
𝑃𝐼𝐹,0 = 𝑃𝑂𝐹,0 =𝑃𝑂𝐹



𝑃𝑂𝐹(𝑡) =  𝑘1𝑘1 + 𝑘−1 𝑃𝐼𝐹,0{1 − 𝑒𝑥𝑝[−(𝑘1 + 𝑘−1)𝑡]}              + 1𝑘1 + 𝑘−1 𝑃𝑂𝐹,0{𝑘1 + 𝑘−1𝑒𝑥𝑝[−(𝑘1 + 𝑘−1)𝑡]} (4.4)



𝑃𝑜𝑝𝑒𝑛 𝑃𝑐𝑙𝑜𝑠𝑒𝑑
𝑃𝑐𝑙𝑜𝑠𝑒𝑑(𝑡) =  𝑘1𝑘1 + 𝑘−1 𝑃𝑜𝑝𝑒𝑛,0{1 − 𝑒𝑥𝑝[−(𝑘1 + 𝑘−1)𝑡]}          + 1𝑘1 + 𝑘−1 𝑃𝑐𝑙𝑜𝑠𝑒𝑑,0{𝑘1 + 𝑘−1𝑒𝑥𝑝[−(𝑘1 + 𝑘−1)𝑡]} (4.5)

𝑘−1



𝑙𝑛 𝑘 1/𝑇
𝐸𝑎 = −𝑅 𝑑 𝑙𝑛 𝑘 (𝑡)𝑑 1/𝑇 (4.6)



𝐸𝑎,𝑟𝑒𝑣



–



hydrolysable ATP analogue ATPγS in combination with Mg

hydrolytic state. Interestingly, in presence of ATPγS



–
γ – –



–


– –



–

for background activity in the absence of TmrAB. Data are presented as mean values ± s.d. (n = 3 



–



–

–



–

–

–

–





–
–





–

– –



–
–



– –

–
– –

–



– –

Δ (cyan) and the probability amplitude (magenta) of the distance distributions (for the OF 

–



Δ

–
–







–

–







–
–





–



considerably, with values of 0.25 s−

−

– − – − –
−

− −



conditions. Interestingly, when substituting ATP with ATPγS, the k

stabilization of the OF state. However, ATPγS was acquired as a tetralithium salt, and 



sample concentrations of 50 mM ATPγS would result in high Li

presence on our observations, the ATPγS solution should be treated to 

𝐸𝑎 Δ𝐺‡ Δ𝐻‡ Δ𝑆‡
𝐸𝑎 𝑙𝑛 𝑘 1/T



plot was observed, with higher activation energies between 134 kJ/mol and 
178 kJ/mol (depending on the length of peptide substrate) below 36 °C, and lower 
activations energies between 44 kJ/mol and 77 kJ/mol above. It was hypothesiz



approach can’t be directly used for the kinetic investigation for two reasons. The 

experiment. In this case, however, MTSL alone can’t be used to label all four positions, 





–

–

–

–

–



–



–









NBS could serve as a cellular ‘energy saving mode’. With 

− −
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–
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–

–

–

–
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–
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–

–

–

–

–

–

–
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